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SOMMAIRE 



iv 	•• 

Le but de cette thèse est avant tout de vérifier les effets de l'atteinte du cervelet 

lors de différents types d'apprentissages chez le rat et la souris. Le cervelet n'est pas 

traditionnellement vu comme une structure nerveuse impliquée dans l'apprentissage, à 

l'exception peut-être de quelques adaptations motrices très simples. Néanmoins, le nombre 

grandissant d'études cliniques faisant état d'un ralentissement de l'apprentissage moteur ou 

de troubles se situant au-delà de la sphère motrice chez le patient cérébelleux fait en sorte 

que la problématique n'est d'ores et déjà plus anecdotique. Des études expérimentales, 

employant des sujets dont les lésions sont semblables quant à l'étiologie, l'étendue et l'âge 

d'apparition sont nécessaires. Pour ce faire, des souris mutantes transgéniques, dont 

certains types de neurones cérébelleux dégénèrent avant l'atteinte de l'âge adulte, ont été 

utilisées. ainsi que des rats dont les aires cérébelleuses médianes (vermis et noyaux 

fastigiaux ou noyaux fastigiaux seulement) ou latérales (hémisphères et noyaux latéraux ou 

noyaux latéraux seulement) ont été lésées. 

Les tâches expérimentales employées sont de diverses natures, évaluant 

notamment l'apprentissage associatif instrumental et la capacité de produire des séquences. 

Mais deux grands types tâches ont particulièrement attiré l'attention : celles mesurant la 

capacité d'acquisition d'une conduite motrice complexe et celles mesurant la capacité 

d'orientation spatiale. Le but ultime de ces études était donc, d'une part, de mettre en 

évidence le rôle cérébelleux dans l'apprentissage moteur lorsque ce dernier implique une 

conduite nouvelle et complexe et, d'autre part, la vérification des effets non-moteurs des 

lésions du cervelet, notamment au plan de l'orientation spatiale. 

Les différentes lésions n'ont eu généralement que peu ou pas d'effets sur 

l'établissement d'un conditionnement opérant et sur la production de séquences. De plus, 

aucune de ces lésions n'a entraîné la perte de capacité d'un apprentissage moteur nouveau, 

contrairement à ce qui est observé lors de l'adaptation motrice. Cependant, les dernières 



phases de l'acquisition motrice sont notablement touchées. Enfin, l'orientation spatiale est 

également affectée. 

Ces résultats confirment le rôle du cervelet au-delà du cadre de la coordination 

motrice. Ce fait est discuté d'un point de vue anatomo-fonctionnel, de par les liens 

neuronaux massifs et mutuels qu'entretiennent entre eux le cerveau et le cervelet. L'atteinte 

de ce dernier n'empêche pas tout apprentissage, mais peut le ralentir, étant donné 

l'importante présence cérébelleuse au sein de plusieurs boucles cortico-sous-corticales. 

Les résultats de cette thèse appuient l'idée d'un rôle cérébelleux ne se limitant pas 

à la coordination motrice. Cette conclusion est étayée par les résultats obtenus ailleurs, 

dans une tentative d'intégration explicative. 

Mots clés : rongeurs; cervelet; lésions; apprentissage moteur; orientation spatiale. 
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Le cervelet est une structure de l'encéphale dont l'anatomie est très bien connue, car 

somme toute assez simple. Paradoxalement, les fonctions pour lesquelles il est sollicité sont 

encore très mal définies. On connaît, certes depuis longtemps, le rôle prépondérant qu'il 

tient dans la coordination motrice (Rolando, 1809; Flourens, 1824), mais un apport 

considérable lui est théoriquement reconnu depuis les années soixante-dix dans l'intégration 

de certains apprentissages, de type moteur en particulier (Marr, 1969; Albus, 1971). Des 

études devenues classiques ont partiellement confirmé ces théories, en démontrant 

l'incapacité post-opératoire de certains animaux à effectuer différentes tâches motrices très 

simples qu'ils maîtrisaient avant la lésion cérébelleuse. Depuis, on considère que le cervelet 

est directement impliqué dans l'apprentissage moteur (Ghez, 1991). Cependant, la mise en 

évidence de son rôle lors l'acquisition motrice ne peut se faire qu'en utilisant des tâches 

sensorimotrices auxquelles le sujet n'a jamais été exposé (Llinas & Welsh, 1993) et cette 

démonstration n'a encore jamais été effectuée. 

De plus, il semble plausible que le rôle du cervelet ne soit pas limité à la seule sphère 

motrice. La possibilité qu'il soit impliqué dans les processus cognitifs complexes émerge 

progressivement (Leiner et al., 1986; Lalonde & Botez, 1990). En effet, un nombre 

croisssant d'études cliniques indique notamment la présence de troubles de l'organisation 

visuo-spatiale chez les patients atteints de lésions cérébelleuses (Botez et al., 1985, 1989; 

Appolonio et al.,1993; Botez-Marquard & Botez, 1993; Kish et al.,1994). Cette nouvelle 

symptomatologie cérébelleuse est appuyée par la découverte de liens anatomiques entre le 

cervelet et les lobes corticaux postérieurs et antérieurs chez l'humain (Botez et al., 1991), le 

singe, le chat (Sasaki, 1979) ainsi que le rat (Schneiderman Fish et al., 1979; Shinoda et al., 

1992). Ces résultats sont à l'origine d'un concept nouveau, la neuropsychologie du 

cervelet, où l'on explique les troubles cognitifs résultant de son atteinte par les afférences et 

efférences qui le lient à ces aires corticales (Schmahmann, 1991; Botez, 1992). Cependant, 

les études expérimentales concernant ce concept sont rares et plusieurs questions demeurent 
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quant à la présence de troubles non-moteurs, leur étendue, leur nature et leur gravité. Les 

quelques études expérimentales effectuées dans ce but démontrent clairement que les 

animaux atteints de dégénérescence cérébelleuse présentent des déficits d'apprentissage de 

type spatial et non-spatial (Lalonde & Botez, 1990). Néanmoins, l'effet de lésions 

circonscrites au cervelet demeure inconnu. 

L'objectif de cette thèse est d'évaluer la contribution du cervelet à l'élaboration de 

certains processus d'apprentissages complexes chez le rat, incluant l'acquisition motrice et 

l'orientation spatiale. 

1-Anatomie et physiologie cérébelleuses  

Le cervelet ne représente qu'environ 10% du volume total du cerveau, mais contient 

plus de la moitié de ses neurones (Ghez, 1991). Malgré cela, sa cytoarchitecture est simple 

et bien connue (Ramon y Cajal, 1909, 1911). Les cellules nerveuses cérébelleuses sont 

disposées de façon très régulière en colonnes, donnant lieu à une répétition sectorielle du 

même type de module neuronal, de la partie médiane vers les zones latérales. Cependant, 

ces différentes régions de l'axe médio-latéral ont chacunes des liens neuronaux privilégiés 

avec différentes aires extra-cérébelleuses, ce qui suggère que toutes les régions du cervelet 

traitent l'information de façon semblable, mais que la nature de cette information peut 

différer d'un module à l'autre (Ghez, 1991). 

Le cervelet ne possède que deux voies neuronales afférentes majeures et toutes deux 

projettent aux cellules de Purkinje. Une voie est formée de la chaîne fibres moussues-

cellules granulées-fibres parallèles, et l'autre, monosynaptique, des fibres grimpantes 

uniquement. Les fibres moussues ont divers points d'origine situés aux niveaux du tronc 

cérébral (noyaux pontiques et vestibulaires) et de la moelle épinière, alors que les fibres 

grimpantes proviennent exclusivement des noyaux de l'olive inférieure. Les deux voies 
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véhiculent de l'information en provenance du cortex cérébral ainsi que de l'information 

proprioceptive en provenance de la périphérie. Une seule fibre de la voie moussue-

grimpante-parallèle fait synapse avec quelques 200 000 cellules de Purkinje, alors qu'une 

fibre grimpante n'entre en contact qu'avec une seule ou quelques cellules de Purkinje. Cette 

dernière synapse est ainsi l'une des plus puissantes du système nerveux. Les cellules de 

Purkinje projettent quant à elles aux noyaux cérébelleux, qui représentent le point de départ 

des principales voies efférentes cérébelleuses. Ces noyaux sont au nombre de trois paires 

chez le rongeur, nommés selon leur position médio-latérale: les noyaux fastigiaux (partie 

médiane, ou vem-iienne), les noyaux interposés (partie intermédiaire, ou parasaggitale) et les 

noyaux dentelés (partie latérale, ou hémisphérique). 

Depuis plus d'un siècle, on assigne au cervelet un rôle de comparateur dans la 

conduite motrice (Holmes, 1917, 1939; Ghez, 1991). Grâce à ses liens neuronaux mutuels, 

d'une part avec les aires corticales motrices et d'autre part avec la moelle épinière et certains 

noyaux du tronc cérébral, le cervelet est vu comme une structure pouvant comparer l'ordre 

moteur donné aux effecteurs et le résultat comportemental, tel qu'il a été réellement produit. 

En comparant l'intention et la performance, il ajusterait au besoin les messages véhiculés par 

les principaux systèmes moteurs descendants, afin que les effecteurs produisent un 

mouvement ou une conduite souple et fluide (Eccles, 1967). Ainsi son atteinte entraîne-t-

elle les troubles bien connus d'incoordination motrice, de perte d'équilibre et de tonus 

musculaire (Rolando, 1809: Flourens, 1824). 

L'organisation neuronale extrêmement ordonnée et relativement simple du cervelet, 

la conjonction répétée de ses deux voies afférentes, l'arrangement régulier et unifié des 

cellules de Purkinje et le fait que ses différentes parties contrôlent individuellement différents 

groupes de muscles, ont poussé quelques théoriciens à supposer pour la première fois un 

rôle cérébelleux dans l'apprentissage, en particulier l'apprentissage de type moteur 



5 

(Brindley, 1964; Eccles et al., 1967). Longtemps considéré comme n'étant essentiel qu'à la 

coordination motrice, le cervelet a néanmoins fait l'objet de théories expliquant son rôle dans 

l'apprentissage moteur (Man-, 1969; Albus, 1971; Gilbert, 1974; Eccles, 1977; Ito, 1984). 

Selon ces théories, aujourd'hui largement acceptées, le cervelet est un site essentiel, 

nécessaire et suffisant, non seulement à tout apprentissage moteur, mais aussi à 

l'établissement des traces mnésiques neuronales (modifications synaptiques provoquées par 

l'expérience) formées lors de son acquisition. Par exemple, selon l'hypothèse du modèle 

mathématique d'Albus (1971), les fibres grimpantes ont pour fonction d'induire une 

diminution de l'efficacité de certaines fibres moussues à activer les cellules de Purkinje 

pendant qu'un apprentissage moteur s'effectue. En effet, lors de l'exécution de tout 

mouvement bien maîtrisé, l'activité des fibres moussue est stéréotypée et bien rodée en 

fonction du dit mouvement. Cependant, lors de l'apprentissage d'un nouveau mouvement, 

les motoneurones sont activés de façon plus ou moins erronée, du fait de la nouveauté du 

geste (Gilbert & Thach, 1977). C'est à ce moment qu'interviendraient les fibres grimpantes 

qui, lors de l'exécution erronée d'une sous-composante du patron moteur, réduiraient 

l'efficacité du groupe de fibres moussues activées par cette sous-composante mal effectuée. 

Cette diminution d'efficacité des fibres moussues serait installée à long terme, d'où sont 

nom de dépression à long terme (DLT ho, 1972)). Lorsque les cellules de Purkinje 

déchargent correctement, les fibres grimpantes seraient silencieuses. Ainsi, le cortex 

cérébelleux est-il comparé à un "détecteur de patron neuronal". Pour reprendre un exemple 

donné par Marr (1969) et Albus (1971). si une cellule de Purkinje peut reconnaître une 

combinaison de cinq 	fibres moussues, activées au même moment et faisant partie d'un 

groupe de 25, le nombre total de combinaisons possibles dépasse les 50 000. Les fibres 

grimpantes serviraient dans ce contexte à déterminer laquelle de ces combinaisons est la 

meilleure pour le geste à effectuer. La DLT serait quant à elle à la base d'une trace neuronale 

concernant le contexte particulier lorsque des mouvements spécifiques sont requis (Ito, 

1993; Krupa et al., 1993). 
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2- Cervelet et apprentissaze moteur 

Selon Adam, (rapporté par Hallet et al., 1996), il y a apprentissage moteur dans 

l'une des deux conditions suivantes : soit lors de l'adaptation motrice ou lors de l'acquisition 

motrice. L'acquisition d'une nouvelle habileté motrice implique l'amélioration de la qualité 

d'une performance motrice volontaire et nouvelle en fonction de la pratique. L'adaptation 

motrice, quant à elle, n'implique pas de nouvelle acquisition, mais plutôt un retour au niveau 

optimal de la performance d'une conduite motrice déjà apprise, à la suite d'un changement 

d'un des paramètres. Elle n'implique pas nécessairement un effort volontaire de la part du 

sujet (Hallet, 1996; Hallet et al., 1996). 

Les études effectuées chez l'animal et l'humain indiquant un rôle du cervelet dans 

l'apprentissage moteur concernent surtout l'adaptation motrice : 1) adaptation du réflexe 

vestibulo-oculaire (RVO) en réponse à la transformation artificielle du champ visuel; 2) 

adaptation d'un mouvement à la suite du changement d'un paramètre lié à une tâche apprise 

et 3) conditionnement classique de la paupière (CCP). Les mécanismes inhérents à 

l'acquisition d'une nouvelle conduite motrice multi-articulaire, exigée pour effectuer de 

simples gestes tels qu'attacher son soulier, sont beaucoup plus complexes et moins étudiés. 

Le rôle du cervelet lors de ce type d'apprentissage moteur n'est pas établi. 

Le fait que l'adaptation du RVO soit compromise par la lésion cérébelleuse semble 

néanmoins confirmer les modèles théoriques et mathématiques ci-haut mentionnés 

(Robinson, 1976). 11 s'agit du réflexe grâce auquel un mouvement de la tête, effectué dans 

une direction donnée, entraîne le mouvement compensatoire équivalent des yeux dans la 

direction opposée lorsque l'on fixe visuellement une cible, afin de maintenir l'image sur la 

fovéa. Le labyrinthe vestibulaire est sensible aux mouvements de la tête et est relié 

directement au vermis ainsi qu'aux flocculi cérébelleux. De fait, le flocculus reçoit des 

signaux vestibulaires par l'entremise des fibres moussues et des signaux visuels par 
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l'entremise des fibres grimpantes. L'activité des fibres grimpantes modifierait le résultat de 

l'activité des fibres moussues de provenance vestibulaire, jusqu'à l'obtention d'une conduite 

motrice des yeux compensant parfaitement le mouvement de la tête. L'adaptation de ce 

réflexe, requise à la suite de l'altération du champ visuel provoqué par le port de lunettes 

prismatiques, est aussi empêchée par la lésion des flocculi (Ito, 1984). Ce type de 

démonstration cadre donc très bien avec les modèles mathématiques proposés pour expliquer 

le rôle du cervelet dans l'apprentissage moteur. 

En accord direct avec ces modèles, Gilbert et Thach (1977) ont observé que les 

cellules grimpantes sont activées exclusivement lors du changement d'un paramètre 

caractérisant une tâche motrice apprise. Ainsi, lorsqu'un singe maintient constante, suite à 

l'apprentissage, la résistance exercée par les muscles de son bras pour stabiliser un levier en 

fonction d'une charge qui est également constante, les fibres moussues déchargent de façon 

stéréotypée et prévisible. Cependant, le fait de modifier la charge entraîne immédiatement 

une forte activation des fibres grimpantes, qui désactiveront le groupe de fibres parallèles 

actives lors du précédent apprentissage. De nouveaux groupes de fibres parallèles 

s'activeront en réponse à la nouvelle charge, qui sera éventuellement maintenue 

correctement. A ce moment, les fibres grimpantes ne s'activent plus, la nouvelle 

combinaison de fibres parallèles s'active de façon stéréotypée, le groupe de muscles 

effecteurs est de nouveau bien contrôlé : la tâche est réapprise. La DLT serait, selon le 

modèle, à la base de l'apprentissage moteur, et ne se rencontrerait qu'au niveau cérébelleux. 

Les études appuyant le rôle du cervelet dans l'apprentissage moteur et confirrnant les 

théories expliquant cet apport sont celles de Thompson et collaborateurs (voir Thompson, 

1986; 1990). Ceux-ci ont mis en évidence le fait que la lésion précise de la partie antérieure 

du noyau interposé empêche l'établissement du conditionnement Pavlovien de fermeture de 

la paupière chez le lapin (McCormick et al., 1981, 1982; McCormick & Thompson, 1984). 
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Lorsqu'une bouffée d'air est dirigée directement sur la cornée de l'animal, celui-ci a le 

réflexe de fermer sa paupière en réponse au stimulus aversif. Il faut noter que ce réflexe est 

présent en l'absence du cervelet car ce dernier ne fait pas partie du circuit neuronal sous-

jacent à ce réflexe. Il est possible de conditionner un animal à produire le réflexe en 

l'absence du stimulus inconditionnel (SI), après son pairage répété avec un stimulus 

conditionnel (SC), tel qu'un son. Cette réponse conditionnelle (RC) est totalement abolie 

pour l'oeil ipsilatéral au noyau lésé, alors que la réponse au SI ne l'est pas. Cette RC, en 

revanche, est toujours présente pour l'oeil controlatéral, mais disparaît à son tour à la suite 

de la lésion de l'autre noyau interposé. Il est donc établi que l'abolition et l'absence de 

conditionnement ne sont pas simplement dues à un trouble moteur. De plus, il est possible 

d'obtenir le conditionnement du même réflexe par des stimulations conjointes et directes des 

fibres moussues et des fibres grimpantes (Steinmetz et al., 1989; Krupa et al., 1993). On a 

conclu que le substrat anatomique du conditionnement classique de la paupière (CCP) est 

formé des deux voies afférentes cérébelleuses, les fibres moussues véhiculant l'information 

relative au SC (car les noyaux pontiques d'origine ont des afférences provenant des aires 

auditives) et les fibres grimpantes véhiculant celle du SI (car les noyaux de l'olive inférieure 

d'où elles proviennent ont des afférences somatosensorielles trigéminales péri-orbitales). Ce 

type d'étude est cité en tant que preuve supplémentaire du bien-fondé des théories 

mentionnées plus haut pour trois raisons. Premièrement, l'apprentissage est obtenu à la 

suite d'une baisse de l'efficacité des fibres parallèles à exciter les cellules de Purkinje. 

Deuxièmement, cette baisse (l'efficacité des fibres parallèles est le résultat de l'activité des 

fibres grimpantes et troisièmement, le phénomène de DLT y est impliqué et nécessaire. 

Ainsi, le SC véhiculé par les fibres moussues n'entraîne, au départ, pas de réponses 

motrices; l'activité des fibres parallèles donnant lieu à l'excitation des cellules de Purkinje. 

Pendant le pairage entre le SC et le SI, les fibres grimpantes entraînent une baisse de la 

réponse des cellules de Purkinje lors de l'activation des fibres parallèles et à la suite des 

pairages répétés, les cellules de Purkinje ne répondent plus aux fibres moussues, n'inhibent 
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donc plus les noyaux cérébelleux, qui induiront dorénavant la fermeture de la paupière. Le 

conditionnement classique d'un réflexe impliquant le retrait d'une patte est aussi abolit par la 

lésion cérébelleuse (Bloedel et al., 1993). 

Chez les patients cérébelleux, des troubles similaires sont observés. Il est bien sûr 

impossible d'obtenir des groupes de patients dont les lésions ont une étiologie, une étendue 

et une durée identiques à celles des animaux et de toute façon les analogies entre deux 

groupes de sujets si différents sont souvent mal-aisées. Mais la nature de certains troubles 

comportementaux entre ces groupes est néanmoins d'une similarité frappante. Ainsi 

l'adaptation du RVO au déplacement latéral du champ visuel est également déficiente chez les 

patients cérébelleux (Gauthier et al., 1979; Weiner et al., 1983; Thach et al., 1992). 

L'adaptation d'un mouvement rapide de l'avant-bras en réponse à un changement de 

paramètre est aussi perturbée (Deuschl et al., 1993) et le conditionnement classique de la 

fermeture de la paupière est totalement aboli chez ces patients (Solomon et al., 1989; Daum 

et al., 1993). Ces études permettent donc les mêmes conclusions que les études animales, à 

savoir: l'intégrité du cervelet est nécessaire, d'une part, à l'adaptation d'un mouvement 

simple ou d'un réflexe et, d'autre part, à l'établissement du conditionnement classique d'un 

réflexe impliquant les muscles striés. Bien que les études cliniques soient trop peu 

nombreuses, il semble que les régions cérébelleuses parasagitales et latérales (corticales et 

nucléiques), soient celles dont l'atteinte est critique (Thompson, 1990). 

Ces résultats ont été prédits par les modèles mathématiques concernant le rôle du 

cervelet dans l'apprentissage moteur (Marr, 1969; Albus, 1971). Ces modèles attribuent un 

rôle essentiel au cervelet puisqu'il serait le site de formation de la trace neuronale inhérente à 

l'apprentissage, du fait de la conjonction unique de ses afférences neuronales. Ces études 

sont à la base de l'assertion contemporaine voulant que le cervelet est une structure 

essentielle, sinon unique, à l'élaboration de tout apprentissage moteur (Glickstein & Yeo, 



10 

1990). Cependant, certaines limites sont à souligner. En premier lieu, l'apprentissage 

pavlovien n'est pas, à notre avis, un exemple d'apprentissage moteur, contrairement aux 

affirmations des auteurs de ces études (voir Krupa et al., 1993). Bien que ces réflexes se 

manifestent par une réponse motrice, celle-ci n'est pas apprise, il s'agit plutôt d'un 

apprentissage associatif nécessitant une réponse de type réflexe. Le cervelet est donc très 

certainement impliqué dans ce type d'apprentissage, mais ce dernier ne doit pas être 

confondu avec un apprentissage moteur. De plus, aucune de ces recherches ne s'est 

intéressée au rôle cérébelleux lors d'un apprentissage moteur complexe, impliquant 

l'acquisition d'une nouvelle conduite motrice et nécessitant la coordination de plusieurs 

articulations. Ce type d'acquisition fait pourtant partie, à n'en point douter, de la classe 

motrice des apprentissages et ainsi devrait, selon les théories reconnues, être empêché ou au 

moins entravé par la lésion cérébelleuse. La généralisation de ces théories ne peut donc être 

obtenue qu'à l'aide de tâches d'apprentissage moteur nouveaux. Il existe une différence 

notable entre d'une part, la capacité de réajuster la vitesse d'un mouvement de poursuite de 

la main en fonction de celle, modifiée, d'un curseur; et d'autre part, la capacité de 

coordonner un ensemble de mouvements complexes afin de réaliser une conduite telle que la 

natation par exemple. Ce dernier apprentissage est également moteur, mais dépend-il autant 

de l'intégrité cérébelleuse ? Une réponse affirmative permettrait de confirmer les théories 

concernant les différents rôles moteurs du cervelet, en plus de déterminer l'étendue de leur 

généralisation. En ce sens, le titre d'un article récent de Bloedel et ses collaborateurs (1991) 

est très évocateur : "Su/mn-cites for motor learning: does the cerebelhan do it al/?. C'est en 

ayant cette question à l'esprit que certaines études présentées ici ont été mises sur pied. 

A ce jour, les travaux portant sur la nécessité de l'intégrité cérébelleuse lors de 

l'acquisition d'habiletés nouvelles, complexes et volontaires, dépassant le cadre du réflexe, 

sont d'ailleurs extrêmement rares. En fait, on a recensé seulement deux études animales et 

deux autres chez l'humain s'intéressant aux effets des lésions du cervelet sur l'apprentissage 
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moteur complexe entre 1917 et 1991 (Welsh & Harvey, 1992). Les prochaines sections 

décrivent ces études. 

2.1 Cervelet et apprentissage moteur complexe chez l'animal 

A notre connaissance, le premier rapport expérimental impliquant à la fois l'atteinte 

cérébelleuse et l'évaluation des capacités résiduelles, non pas de coordination motrice ou 

d'un apprentissage moteur simple, mais bien de l'acquisition d'une conduite nouvelle, est 

celui de Watson et McElligot (1984). Ils entraînent des rats à contourner des obstacles placés 

de façon régulière dans l'allée d'un labyrinthe. Une fois l'entraînement terminé, ils injectent 

une neurotoxine anti-noradrénergique dans la voie coeruleo-cérébélleuse d'un groupe de 

rats. Les groupes expérimentaux et placebos sont ensuite entraînés à traverser le même type 

de labyrinthe. mais les obstacles sont cette fois disposés de façon irrégulière. Etant donné 

que le temps moyen pris par le premier groupe pour franchir le labyrinthe est plus long que 

celui du groupe placebo, ils concluent que la perte noradrénergique a induit un trouble 

d'apprentissage moteur complexe. Cependant, si des troubles de coordination motrice ont 

été induits, il eût fallu prendre en considération certaines variables autres que celle du temps 

requis pour faire la traversée, tel que le nombre d'erreurs effectuées. De plus, afin de 

vérifier si le cervelet est véritablement essentiel à la formation d'une trace mnésique, il eût 

fallu re-tester ces animaux dans la version initiale du labyrinthe (ils devraient, dans ce cas, 

être moins performants). Ce rapport est un des rares à inclure une tâche d'apprentissage 

moteur complexe. 

Auvray et al., (1989) ont quant à eux étudié l'effet de la cérébellectomie sur la 

capacité du maintien de l'équilibre sur une poutre rotative chez le rat, à différents moments 

du développement. 11 s'agit ici d'un apprentissage moteur complexe. L'aspiration du 

cervelet à l'âge post-natal de 10 jours entraîne une incapacité totale d'apprentissage. Si 

l'entraînement est effectué à l'âge post-natal de 18 jours, les rats peuvent apprendre la tâche, 
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mais à un rythme plus lent en comparativement aux rats testés à l'âge post-natal de 20 jours, 

qui eux sont moins performants que les rats contrôles. Cependant, les ratons contrôles sont 

eux-mêmes incapables de maîtriser cette tâche avant l'âge de 18 jours, ce qui empêche toute 

interprétation quant à l'incapacité des rats testés à l'âge de 10 jours. De plus, cela indique 

que le circuit nécessaire à cet apprentissage n'est probablement pas totalement mature avant 

l'âge de 18 jours et que les lésions ont été faites trop tôt compte tenu de l'ontogénèse du rat. 

Une étude animale récente (Ojakanjas & Ebner, 1992) s'est pour la première fois 

penchée sur la question de la DLT et d'un réel apprentissage moteur complexe. Afin de 

tester les théories mentionnées plus haut et donc l'hypothèse que l'activation des fibres 

grimpantes est responsable de la modulation des cellules de Purkinje lors d'un apprentissage 

moteur non conditionné et non réflexe, Ojakanjas et Ebner (1992) ont entraîné des singes à 

suivre une cible mobile sur écran à l'aide d'une mannette de jeu reliée à un curseur vidéo. 

Lorsque l'animal arrive à diriger le curseur de façon à bien suivre la cible, la relation vecteur-

vitesse entre la mannette et le curseur est changée; introduisant ainsi la nécessité d'une 

adaptation motrice. Les enregistrements électrophysiologiques effectués ont permis de 

déceler des modifications du taux de décharge des cellules de Purkinje durant l'adaptation 

motrice, mais ces changements ne sont pas reliés à l'activité des fibres grimpantes. Ces 

résultats confirment le rôle des cellules du cervelet lors d'un apprentissage moteur, mais 

vont à l'encontre des théories de la trace mnésique qui postulent que cette dernière est 

essentielle à l'apparition de tout apprentissage moteur, puisque l'activité des deux afférences 

neuronales est indépendante. Plus précisément, les deux systèmes afférents sont activés 

durant l'apprentissage moteur, mais de façon indépendante et non causale. L'activité 

cellulaire cérébelleuse est reliée à cet apprentissage, mais elle n'est pas l'objet d'une trace 

mnésique formée par lui au sein du cervelet. 



13 

2.2 Cervelet et apprentissage moteur complexe chez l'humain 

Cliniquement, l'apprentissage moteur complexe n'a pas souvent été pris en 

considération. Par contre, le type d'évaluation utilisées est beaucoup plus varié: tâches 

visuornotrices (dessin ou lecture en miroir), tâches de temps de réaction sériels, tâches 

d'apprentissage explicite de séquences et tâches d'acquisition d'une nouvelle conduite. Une 

étude clinique porte sur la copie en miroir (Sanes et al., 1990). Ils comparent la 

performance d'un groupe de patients ayant des lésions limitées au cervelet à un groupe 

contrôle qui doivent copier directement ou en miroir des formes nouvelles le plus rapidement 

possible, tout en demeurant fidèle au modèle. Les patients démontrent un temps 

d'apprentissage augmenté et limité lors de la tâche de la copie directe, ainsi que d'importants 

troubles d'adaptation motrice lors de la copie en miroir, ce qui semble permettre la 

conclusion d'un lien entre le cervelet et l'apprentissage moteur. Il est cependant possible 

que ces patients possédaient un rendement quasi optimal dès le début de l'apprentissage et 

qu'ils aient été dans l'impossibilité de démontrer une meilleure capacité d'apprentissage. 

Une comparaison inter-groupe directe n'est donc pas toujours préférable à une comparaison 

de la pente des courbes d'apprentissage. Mesurer le temps requis pour réaliser une tâche 

n'est pas non plus toujours idéal avec des patients cérébelleux (il n'est pas ici question des 

temps de réaction, mais seulement des temps d'exécution des mouvements). 

Topka et al. (1991) rapportent que les patients atteints de dégénérescence 

cérébelleuse peuvent apprendre une nouvelle habileté motrice impliquant un mouvement 

multi-articulaire. Leur conclusion se base sur le fait que ces patients ont augmenté la 

précision du mouvement appris (relier des points sur une tablette électronique) tout en 

gardant constante la vitesse d'exécution du mouvement. C'est dire que le gain en précision 

ne s'est pas simplement fait au dépend d'une perte de la vitesse d'exécution, ce qui 

couespond à la définition d'une réelle acquisition motrice. Par ailleurs, le gain en précision 

des patients était le même que celui des sujets contrôles. Les deux seules études cliniques 
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traitant du lien entre le cervelet et l'apprentissage moteur comlexe n'arrivent donc pas aux 

mêmes résultats, mais les tâches et la population clinique diffèrent. D'autres études ont 

employé des apprentissages moteurs séquentiels et elles sont plus nombreuses. 

Un autre type de tâche impliquant une acquisition motrice est l'apprentissage d'une 

séquence particulière. Inhoff et al., (1989) rapportent des déficits lors de l'exécution de 

séquences simples, où l'on demande à des patients atteints de lésions limitées du cervelet de 

peser sur une à trois clés selon différentes séquences. On mesure les temps de réaction 

requis pour amorcer la séquence et le temps nécessaire entre la production de chaque élément 

de celle-ci, lorsqu'elle est apprise. Parce que le groupe de patients n'a pas eu d'élévation du 

temps de réaction en fonction de l'augmentation du nombre d'éléments par séquence, on 

conclut que le cervelet sert à la transformation d'une séquence programmée de réponses en 

action et qu'il pré-établit la séquence à produire avant le début du premier mouvement. Ce 

type de tâche n'implique cependant pas d'apprentissage puisque les séquences sont apprises 

avant l'évaluation. Pascual-Leone et al. (1993) ont par la suite testé des patients ayant des 

lésions bilatérales et limitées du cervelet lors d'une tâche de temps de réaction sériels (Nissen 

& Bullemer, 1987). Cette tâche implique l'apprentissage implicite d'une séquence de 

mouvements très simples (peser sur différentes clés dans un ordre pré-établi et inconnu du 

sujet). Les patients ont d'importants déficits d'apprentissage à cette tâche. On conlut qu'un 

des rôles du cervelet est d'indexer et d'ordonner les événements dans le temps. Cependant, 

bien que cette tâche soit une excellente mesure de la capacité à développer une composante 

d'habileté motrice (une séquence, procédure implicite), elle n'implique pas l'apprentissage 

d'une conduite motrice nouvelle et complexe (le fait de peser sur une touche n'est pas un 

apprentissage moteur en soi). Les études expérimentales d'imagerie cérébrale utilisent le 

même type de tâche, mais elles font, parfois, appel à l'évaluation d'un apprentissage moteur 

complexe, impliquant une nouvelle conduite. 
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2.2.1 Etudes d'imagerie cérébrale 

Les études portant sur les changements régionaux du flux sanguin lors de 

l'apprentissage de mouvements volontaires pendant l'examen neurologique utilisant la 

tomodensitométrie à émission de positons (PET) ont démontré une activation cérébelleuse 

associée à l'acquisition de différentes habiletés motrices et visuomotrices. Seitz et al., (1990, 

1992) rapportent que l'apprentissage d'une séquence d'opposition entre les différents doigts 

d'une main et le pouce entraîne l'activation du cervelet au début et à la fin de l'apprentissage. 

Ce type de tâche implique une conduite motrice nouvelle mais extrêmement simple. 

L'élément important réside encore une fois dans la séquence. De plus, l'apprentissage de 

cette séquence se traduit par une meilleure performance au fur et à mesure des essais et donc 

un plus grand nombre de mouvements à la fin qu'au début de l'apprentissage. Cette 

augmentation de la vitesse et de la fréquence d'exécution des séquences motrices digitales est 

susceptible d'être le reflet de l'activation cérébelleuse à la fin de l'apprentissage. C'est 

d'ailleurs ce qu'ont vérifiés Friston et al. (1992). En utilisant la même tâche, mais en 

contrôlant la fréquence d'exécution des mouvements, ils ont démontré que le cervelet est 

activé au début de la tâche mais pas à la fin. Ce résultat est interprété comme une 

confirmation supplémentaire de la théorie d'Albus (1971), car la DLT est reflétée par la 

baisse d'activation cérébelleuse lorsque la séquence est apprise. Encore une fois, il s'agit ici 

bien plus de l'apprentissage d'une séquence de mouvements que de l'apprentissage d'une 

nouvelle conduite motrice complexe. Lors d'un apprentissage moteur n'impliquant pas de 

séquences, mais l'acquisition d'une nouvelle habileté motrice, le cervelet n'est pas activé 

(Grafton et al., 1992). Grafton et al. (1992) ont en effet démontré que l'apprentissage 

moteur impliqué dans la tâche de poursuite manuelle d'une cible mobile à l'aide d'un crayon 

métallique entraîne l'activation de sites corticaux; mais l'activation cérébelleuse n'est liée 

qu'à l'exécution motrice. Utilisant un paradigme différent, Lang et al. (1988) rapportent que 

des sujets ayant appris à suivre une cible mobile sur un écran à l'aide d'une mannette de jeu 

reliée à un curseur, sont l'objet d'une forte activation cérébelleuse lorsque le déplacement de 
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la mannette et du curseur est inversé. L'activation cérébelleuse a ainsi lieu lors de 

l'adaptation motrice. 

Ces études, peu nombreuses, concluent toutes à un apport du cervelet lors d'un 

apprentissage visuo-moteur impliquant l'acquisition d'une séquence. Les rares études sur 

l'acquisition d'une conduite motrice, en opposition à une adaptation, ne sont pas concluantes 

quant à la nécessité du cervelet pour son établissement; ce dernier point s'applique autant 

chez l'animal que chez l'humain. Le premier objectif de cette thèse est donc de déterminer 

l'effet de différentes lésions cérébelleuses lors de l'apprentissage de conduites motrices 

complexes et nouvelles. 

3- Rôles cérébelleux au delà de la sphère motrice.  

3.1 Études cliniques 

Indépendamment de sa contribution directe ou indirecte à l'apprentissage moteur, un 

nombre croissant d'études soutiennent que le cervelet est une structure nerveuse impliquée 

dans certains processus cognitifs chez l'humain (Ferhenbach et al., 1984; Leiner et al., 

1986, 1989, 1993; Botez et al., 1985. 1988, 1989; Brake-Tolkmitt et al., 1989; Wallesh & 

Horn, 1990; El-Awar et al., 1991; Hirono et al., 1991; Akshoomoff et al., 1992; 

Akshoomoff & Courschesne, 1992; Botez & Botez, 1992; Fiez et al., 1992; Grafman et al., 

1992; Appolonio et al., 1993, voir Schmahmann, 1991 pour une revue de la 

documentation). On rapporte ainsi les cas de patients atteints de lésions cérébelleuses ayant 

des déficits d'attention sélective (Akshoomoff & Courschesne, 1992), d'apprentissage 

associatif (Bracke-Tolkmitt et al., 1989), d'alternance différée (E1-Awar et al., 1991) et de 

planification (Grafman et al., 1992). Le type de déficit cognitif le plus souvent rencontré 

chez ces patients est un trouble de l'organisation visuo-spatiale (Ferhenbach et al., 1984; 

Botez et al., 1985, 1988; 1989; Bracke-Tolkmitt, 1989; Wallesh & Horn, 1990). Quelques 

théories ont été formulées pour expliquer ce phénomène (Leiner et al., 1986; Schmahmann, 
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1991). Selon ces théories, contrairement à celles formulées dans le cadre de l'apprentissage 

moteur (voir plus haut), tout apprentissage cognitif faisant intervenir le cervelet n'implique 

pas l'établissement d'une trace mnésique en son sein. L'influence cérébelleuse sur ce type 

d'apprentissage y est plutôt soupçonnée du fait des liens neuronaux di-synaptiques, massifs 

et mutuels qu'il a avec les aires associatives frontales et pariétales chez les mammifères, 

incluant l'humain, le primate non-humain et le rat (Sasaki et al., 1979; Schmahmann & 

Pandya, 1987, 1989, 1990; Wannier et al., 1992; Shinoda et al., 1992). Botez et al., (1985, 

1989) ont ainsi donné le nom de syndromes pseudo-pariétal et pseudo-frontal au tableau 

clinique des patients cérébelleux. Cependant, ce tableau ne dépeint jamais des troubles aussi 

graves que ceux observés chez des patients cérébro-lésés. Le préfixe pseudo indique donc 

ici que les troubles sont similaires à ceux rencontrés chez les patients souffrant de lésions 

frontales et/ou pariétales, mais aussi le fait qu'ils sont de moindre importance. 

Fehrenbach et al. (1984), les premiers, ont rapporté des déficits chez les patients 

atteints d'ataxie de Friedreich lors de tests d'habiletés spatiales et visuo-constructives 

(assemblage d'objets et rotation mentale tri-dimentionelle). Le quotient intellectuel (QI) de 

ces patients ainsi que leurs résultats aux tests des matrices progressives de Raven et des 

cartes de Wisconsin étaient comparables à ceux des sujets contrôles. Les tests ont été 

effectués sans limite de temps afin d'éliminer toute interférence liée à leurs troubles moteurs. 

La variable vitesse d'exécution a aussi été contrôlée, ainsi que l'acuité visuelle, les 

caractéristiques de potentiels évoqués visuels et la capacité de lire des petits caractères 

d'imprimerie. Cependant, l'atrophie corticale à prédominance fronto-pariétale qui est parfois 

observée chez les patients olivo-ponto-cérébelleux peut être à l'origine de ces déficits. Les 

auteurs émettent néanmoins l'hypothèse que le cervelet pourrait participer à certaines 

fonctions mentales, en l'occurrence celles requises lors d'opérations spatiales. Botez et al. 

(1985) ont étudié le cas d'une jeune patiente épileptique atteinte d'ataxie cérébelleuse 

réversible, induite par l'administration chronique de phénytoïne. Cette patiente a été suivie 
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pendant trois ans. Au début elle a présenté des troubles moteurs importants, une atrophie 

cérébelleuse pure telle que démontrée par la scanographie ainsi que des troubles cognitifs, 

touchant notamment l'organisation visuo-spatiale pour les tâches concrètes. A la suite d'un 

traitement vitaminique, non seulement les symptômes cérébelleux ont disparu, mais aussi les 

troubles de nature spatiale. Cette étude montre que le cervelet est une structure de 

l'encéphale probablement impliquée dans certaines tâches cognitives. Cependant, l'étude ne 

concerne qu'un sujet et son atteinte cérébelleuse est déterminée par une carence en thiamine, 

ce qui peut expliquer certains troubles (Mair et al., 1985). De plus, le sujet a une histoire de 

crises épileptiques et un foyer épileptogène temporal droit, ce qui entraîne des troubles de 

mémoire (Milner, 1971). Aussi, les fluctuations de l'activité épileptique peuvent être à 

l'origine de l'amélioration observée aux tests neuropsychologiques (cette patiente avait un QI 

inférieur à la moyenne). Les patients épileptiques atteints d'atrophie cérébelleuse éprouvent 

beaucoup de difficulté, comparativement à d'autres épileptiques sans atteinte cérébelleuse 

lors des sous-tests d'assemblage d'objet, de substitution et de dessins avec blocs, qui 

requièrent une bonne coordination visuo-motrice (Botez et al., 1989). L'assemblage 

d'objets et le test de dessins avec blocs exigent la synthèse de parties séparées dans l'espace 

immédiat (Lezak, 1983). Cependant, ces sous-tests peuvent nécessiter une bonne vitesse 

d'exécution, ce qui est justement problématique pour ces patients. Botez et al. (1988) ont 

aussi administré la même batterie de tests à des patients non-épileptiques atteints de l'ataxie 

de Friedreich ou d'atrophie olivo-ponto-cérébelleuse. Ceux-ci ont obtenus des scores 

inférieurs aux tâches visuo-constructives mesurant l'organisation et la programmation visuo- 

spatiale (Lezak, 1983), lors de la copie immédiate de la figure de Rey et du test de dessins 

avec blocs. De plus, dans le but d'éliminer le facteur vitesse d'exécution, une étude récente 

a fait appel au sous-test du dessin avec blocs dans sa version non-chronométrée (Botez & 

Botez, 1992). Les patients atteints d'atrophie olivo-ponto-cérébelleuse obtiennent toujours 

des scores plus faibles que les sujets normaux à cette épreuve, ainsi que des performances 

diminuées au test d'organisation visuelle de Hooper et à la copie de la figure complexe de 
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Rey. Les patients atteints de l'ataxie de Friedreich démontrent aussi des troubles à ce dernier 

test. Les auteurs concluent que des lésions cérébelleuses bilatérales chroniques peuvent 

induire des déficits visuo-spatiaux. 

Bracke-Tolkmitt et al. (1989) ont publié les cas de cinq patients atteints d'atrophie 

cérébelleuse ayant des déficits visuo-spatiaux tel que démontré par la copie immédiate et 

différée des figures de Benton et du faible QI spatial. Par contre, ces patients ont aussi des 

QI verbaux et globaux plus faibles que les sujets contrôles, ce qui rend difficile toute 

interprétation. De plus, l'emploi de tests-t rend faible la fiabilité statistique du fait du petit 

nombre de sujets. Etant donné que les lésions ne sont pas limitées au cervelet, ce qui était 

aussi le cas pour les études du groupe de Botez, des critiques ont soulevé la possibilité que 

les troubles soient dus à l'atteinte de régions non-cérébelleuses (Daum et al., 1993). 

Wallesh et Horn (1990) ont donc testé 12 patients atteints de lésions néocérébelleuses 

chroniques induites par neurochirurgie lors de l'ablation de tumeurs. La scanographie 

n'indique pas la présence d'une atteinte sus-tentorielle. Le groupe de patients a un QI verbal 

faible mais similaire à celui des sujets contrôles. Lorsque le groupe de patients est divisé en 

deux selon l'endroit de la lésion. ceux dont l'hémisphère gauche est atteint sont 

significativement plus déficients aux tests d'assemblage mental d'objet et de rotation mentale 

tri-dimentionelle. Le problème majeur est que ces patients ont été victimes de pression 

intracrânienne du fait de leur tumeur. La pression intra-crânienne peut elle-même induire des 

troubles d'ordre cognitifs permanents (Cummings & Benson, 1983 cités par Wallesh & 

Horn, 1990), ce qui limite encore une fois la portée de l'étude. Hirono et al. (1991) ont 

ensuite rapporté les cas de 30 patients atteints de dégénérescence spinocérébelleuse ayant des 

troubles cognitifs, notaminent aux matrices progressives de Raven, qui requièrant la capacité 

d'établir des relations numériques. de design et des relations spatiales (Lezak, 1983). 

Cependant. les lésions n'étaient pas limitées au cervelet, les différentes mesures de QI étaient 

toutes inférieures chez les patients en comparativement aux sujets contrôles et des indices de 
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dépressions étaient observés. L'humeur dépressive (ou troubles émotifs) a d'ailleurs déjà 

été soupçonnée d'être à la base des déficits d'ordre cognitif rencontrés chez les patients 

porteur d'une lésion cérébelleuse (Berent et al., 1989). 

Jusqu'à présent, les résultats obtenus chez l'humain divergent (Daum et al., 1993). 

Cette divergence est en partie causée par différentes variables plus ou moins contrôlées selon 

les études, tel le quotient intellectuel, l'étendue, l'origine, la durée et la nature de la lésion, 

l'âge au moment du trauma, le nombre de sujets, les possibilités de troubles émotifs chez 

certains sujets et le type de tests employé. 

3.2 Cervelet et apprentissage non-moteur chez l'animal 

Le nombre d'études animales traitant de l'effet de lésions cérébelleuses lors de 

l'acquisition de conduites en labyrinthe est extrêmement limité. Une série d'études effectuée 

par Lalonde et ses collaborateurs (voir Lalonde & Botez, 1990 pour une revue de la 

littérature) a démontré que les souris mutantes cérébelleuses présentent des déficits 

d'orientation spatiale telle que mesurée par le labyrinthe en T. Une souche de ces souris, la 

lurcher, est victime d'une dégénérescence massive des cellules de Purkinje, granulaires, 

olivaires et présentent conséquemment des troubles d'orientation spatiale dans le labyrinthe 

radial à huit bras (Goldowitz & Koch. 1986). Un type semblable de souris (la Purkinje Cell 

Degeneration ) parcourt une plus grande distance que des souris contrôles dans la tâche 

aquatique de Morris (Goodlett et al., 1992). Cette tâche s'effectue dans un bassin d'eau 

rendue opaque par l'ajout de lait en poudre. L'animal, dont la position de départ varie 

d'essai en essai, doit trouver une plate-forme submergée et invisible, sur la seule base des 

relations spatiales existant entre les indices visuels entourant le bassin (Morris, 1981). Etant 

donné que les animaux atteints de lésions cérébelleuses se meuvent mieux en milieu 

aquatique que terrestre (Dow & Moruzzi, 1958; Pellegrino & Altman, 1979), cette tâche est 

toute indiquée pour l'évaluation des capacités d'orientation spatiale chez ces animaux. La 
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mesure dépendante est habituellement le temps moyen requis pour trouver la plate-forme. 

Le fait que ces souris mutantes éprouvent des difficultés s'accorde plutôt bien avec les 

études cliniques, quoique la nature des tests dans les deux cas diffère de manière importante. 

Cependant, seul ces souris ont été testées jusqu'à présent dans la tâche aquatique de Morris. 

De plus, elles sont atteintes de dégénérescence cellulaire touchant plusieurs types de 

neurones et plusieurs régions cérébelleuses et non-cérébelleuses et leurs lésions sont de type 

chronique. Des lésions limitées au cervelet doivent donc être faites afin de prouver son 

apport dans ce type de tâche. 

Deux études ont utilisé des rats avec lésions limitées du cervelet afin de tester leur 

capacité à s'orienter dans l'espace. La première implique non seulement la cérébellectomie 

totale, mais aussi une version non aquatique du même test d'orientation spatiale (Dahhaoui et 

al., 1992). Il est plus que souhaitable d'utiliser la version aquatique car les animaux 

ataxiques ont des habiletés natatoires comparables à celles des animaux contrôles. Cette 

étude n'a pas fait l'objet de tests statistiques. La seconde étude rapporte les déficits de rats 

hémicérébellectomisés à la tâche aquatique décrite ci-haut (Molinari et al., 1991). Ce type 

d'étude est prometteur mais l'emploi de lésions plus petites est souhaitable à cause des 

troubles moteurs importants que produit l'hémicérébellectomie et qui peuvent quand même 

se traduire par des déficits natatoires. De plus, la latéralisation d'une lésion peut induire une 

tendance à l'exploration préférentielle dans un champ visuel ou dans un espace extra-

personnel. 

Comme c'est le cas chez l'humain, ces déficits d'orientation spatiale n'ont pas 

souvent été interprétés en tant que preuves d'une fonction cérébelleuse directe (quoique voir 

Liener et al., 1993; Ito, 1993), mais plutôt sur la base anatomique des liens mutuels existant 

entre le cervelet et le cortex associatif pariétal, le cortex associatif frontal, ou encore 

l'hippocampe (Lalonde & Botez, 1990). En effet, ces trois régions sont intimement liées au 
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cervelet (Sasaki, 1979; Schmahmann, 1991) et la lésion de chacune d'elles entraîne des 

troubles à la tâche aquatique de Morris (Morris et al., 1982; Kolb, 1983; DiMattia & Kesner, 

1988; Kesner et al., 1989). Il serait donc très intéressant de vérifier, par l'entremise du 

même test, l'effet de lésions limitées aux hémisphères cérébelleux en opposition à d'autres 

lésions impliquant le vermis et le cas échéant, les noyaux cérébelleux. 

En outre, des déficits de nature non-motrice, non-spatiale et non-réflexe, tels que des 

troubles d'apprentissages associatifs instrumentaux, de discrimination visuelle et 

d'organisation séquentielle du comportement ont aussi parfois été rapportés à la suite de 

lésions cérébelleuses, autant chez l'humain (Schmahmann, 1991) que chez l'animal 

(Lalonde & Botez, 1990). L'évaluation comportementale d'animaux avec lésions limitées au 

cervelet devrait donc comporter quelques tâches supplémentaires, en marge des principaux 

tests d'apprentissage moteur et d'orientation spatiale énumérés plus haut. 

4- Objectifs et hypothèses des travaux effectués dans le cadre de cette thèse 

Les travaux présentés ici ont été entrepris dans l'espoir d'atteindre plusieurs buts. 

En premier lieu, nous voulons évaluer les effets de différentes lésions cérébelleuses sur 

l'acquisition d'une conduite motrice. Il existe des modèles théoriques mathématiques 

élaborés qui non-seulement infèrent un rôle prépondérant du cervelet lors de l'apprentissage 

moteur, mais qui en plus expliquent ce rôle. Ces modèles et les études sur lesquelles ils se 

basent ainsi que les études subséquentes qui les confirment sont cités en tant que preuve de 

l'intervention obligée du cervelet lors d'un apprentissage moteur. Cependant, ces études et 

ces théories ne traitent que de l'adaptation motrice, une fois l'acquisition obtenue. Ainsi, un 

changement de paramètres nécessite une adaptation motrice et fort probablement l'activation 

du cervelet. Mais l'apprentissag_te moteur concerne aussi l'acquisition motrice; 

l'apprentissage d'une conduite nouvelle, à laquelle le sujet n'a jamais fait face. Les études #1 
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à 5 visent à évaluer les effets de diverses lésions cérébelleuses sur l'apprentissage d'une 

conduite motrice nouvelle et multi-articulaire. 

Etant donné que: 1) de nombreuses études rapportent l'absence de capacités 

d'adaptation motrice à la suite de lésions cérébelleuses, autant chez l'humain que chez 

l'animal; 2) le cervelet reçoit des inputs à la fois du cortex et de la périphérie, rendant 

possible la comparaison entre l'ordre moteur et l'exécution motrice et éventuellement la 

production des ajustements requis; 3) il n'existe que deux principales voies d'entrées 

neuronales et une seule voie de sortie; et 4) l'adaptation motrice entraîne une modification 

hétérosynaptique à long terme au sein de ces voies, la première hypothèse de cette thèse est 

que l'atteinte bilatérale du cervelet entraînera une incapacité ou à tout le moins des difficultés 

majeures de la part des animaux lésés lors de l'acquisition d'une conduite motrice multi-

articulaire. 

Le second but général de cette thèse est la mesure de la capacité des rats à s'orienter 

dans l'espace à la suite de lésions circonscrites du cervelet. Etant donné la récente 

prolifération des études cliniques rapportant des troubles de nature cognitive chez des 

patients cérébelleux, bien que ces patients ont des lésions à caractéristiques très diverses et 

d'étendue dépassant souvent les structures cérébelleuses, les études #2, 4 et 5 ont pour but 

de vérifier les effets de lésions du vermis, des hémisphères cérébelleux, des noyaux 

fastigiaux ou des noyaux dentelés sur l'orientation spatiale. En outre, vu la diversité des 

troubles non-moteurs rapportés par différentes études, l'article #4 décrit les effets de lésions 

bilatérales de noyaux fastigiaux sur différents types de comportements qui ne sont pas reliés 

à l'orientation spatiale, afin de mieux cerner l'étendue des effets des lésions cérébelleuses. 

Enfin, un essai de synthèse de ces effets chez l'animal est présenté dans l'article #6. 
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Ce qui permet d'avancer la seconde hypothèse générale de cette thèse; à savoir que 

l'atteinte cérébelleuse, chez le rat, entraînera des déficits d'orientation spatiale lors de la tâche 

de la piscine de MOITiS et du test d'alternance spontanée différée. 
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Abstract 

Lurcher mutant mice iose cerebellar granule cells and PuriciMe cells. The mutants were comparecl to normal mice in a beam-
weking task. Normal mice were placed on a slippery bndge while lurchers, because of their severe ataxia, were placed on a bridge 
with trie same diameter, but enveloped with surgical tape to improve traction. The performance of both groups improved with 
repeated mals. In an actritry box, lurcher mutants were as active as normal =loc, showed normal intrasession habituation, and 
emerged from a toy object as easily as normal mice. These results indicate that the cerebellar damage in lurchers does not prevent 
the acqiusiuon of a motor skill task requiring balance in an immobile apparatus. Ataxia was not accompanied by hypoactivity, 
inhibiuon or disnirbanoes in intrasession habituation. 

Keywords: Lurcher mutant Cerebellum: Motor leanung Habiruatton; Inhibmon 

It is recogmzed that the cerebellum parucipates in the 
performance of the conciitioned eye-blink response 
[3,5.9-12]. Diffenng points of view have been expressed 
as to the role of the cerebellum in Mis task_ Deticits in 
the acquisition and retention of the response atter lesions 
or pharmacological inactivation of the interpositus and 
dentale may be interpreted as impairment in the learning 
process [3-5,9-12]. A second interpretauon is that such 
lesions impair the response characteristics dunng the 
task such as slowing of the appearance or weakenmg of 
the strength of the conditioned response without neces-
sarily impeding the learning process itself [9]. This 
associative leaming task may be subsumed ander the 
general category of sensonmotor learrung [3,9]. 

An alternative manner viith which sensonmotor learn-
ing may be studied is by means of equilibnum tests. In 
a tilted platform test, lurcher mutant mice, charactenzed 
by degeneration of the olivocerebellar system [1,2], 
although impaired in comparison to normal =ce in 
terms of overall performance, were able to increase 
latenc-ies until falling [6]. This result indicates that 
cerebellar degenerauon does not eliminate the senson- 
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motor learning required to maintain equilibrium on a 
mobile apparatus. In the present study, a second equilib- 
num test was presented to the same mutants for the 
purpose of determining whether the same result holds 
truc in an immobile apparatus. 

The mice were placed on a round bridge and with 
repeated trials learned to improve body balance by 
staying on the beam longer and by increasing the number 
of segments crossed. Normal mice and lurcher mutants 
were placed on a bridge identical in terms of diameter 
and length. However, because normal mice axe so much 
better than the mutants, they were placed on a slippery 
bridge, whereas in the latter group the bridge was taped 
in order to facilitate traction. This procedure was suc-
cessful in demonstrating leaming in both groups. The 
results of normal mice on the taped beam were not 
presented because, as determined by pre-experimenta-
non, their high initial values precluded the possibility of 
learning. Conversely, the results of lurcher mutants on 
the untaped beam were not presented because their 
severe ataxia prevented any possibility of learning. 

A second purpose of the present study was to deter-
mine inu-asession and intersession habituation of motor 
acuvity in lurcher mutants. In a T-maze. lurcher mutants 
were as active as normal mice [7]. We wanted to 
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( 5. 3 c m) at t h e t o p of t h e s h o e. L at e n ci e s t o e m er g e wit h 
t w o or f o ur p a w c nt eri a w er e d et er mi n e d, wit h t h e b o x 
a n d s h o e b ei n g wi p e d cl e a n a s b ef or e wit h t o w el s at t h e 
e n d of e v cr y tri al. T hi s t e st l a st e d o nl y 1 d a y wit h a c ut-
off s c or e of 3 mi n. All mi c e l eft t h e s h o e wit hi n 1 mi n 
of t e sti n g. 

I n t h e b e a m- w al ki n g t e st., t h e mi c e w er e pl a c e d o n a 
r o u n d b n d g e (l e n gt h 1 1 0 c m, di a m et er 2. 5 c m, h ei g ht 
fr o m a t o w el- c o v er e d fl o or 1 0 0 c m) m a d e of al u m mii m  
T h e b e a m w a s l eft u n c o v er e d f or n or m al mi c e a n d t a p e d 
( wit h s ur gi c al t a p e) f or l ur c h er m ut a nt s. T h e b c a m w a s 
s e p ar at e d i nt o 1 1 s e g m e nt s b y m e a n s of f elt p e n m ar k-
i n g s. E a c h m o u s e w a s pl a c e d at o n e e n d of t h e b c a m. 
f a ci n g t h e o p p o sit e e n d, a n d w a s all o w e d t o m o v e o n 
t h e 1 0 s e g m e nt s w h e r e t h e y c o ul d r e a c h a n e s c a p e 
pl atf or m or u n d' 6 0 s (t h e c ut- off p e n o d) h a d el a p s e d. 
T h e b e a m w a s o c c a si o n all y wi p e d cl e a n a n d d n e d. T h e 

T a bl e 1 

Er n er g e n c e l at e n c e s i m e a n s-- S. D.) of l ur c h er m ut a nt a u n e a n d n or m al 
r m c e fr o m a s m all t o a l ar g er c h a m b er 

n u m b er of s e g m e nt s tr a v er s e d a n d l at e n ci e s u ntil f alli n e 
w er e m e a s ur e d f or 7 c o n s e c u u v e d a y s. O n ci a y S. c o n-
d u ct e d 1 w e e k l at er, a r et e n n o n t e st w a s p v e n wit h t h e 
s a m e c o nti n g e n ci e s a s n ot e d a b o v e. 

A l o g arit h mi c tr a n sf or m ati o n of all ti m e- d e p e n d e nt 
d at a w a s d o n e i n or d er t o h o m o g e ni z e c ell v a n a n c e s 
a n d p er mit t h e u s e of a n al y si s of v ari a n c e ( A N O V A). A 
l o g x + 1 t r a n s f o r m ati o n w a s d o n e o n t h e n u m b e r o f 
s e g m e nt s tr a v er s e d i n t h e b al a n c e b e ar n t e st b e c a u s e of 
t h e a p p e ar a n c e of n ull v al u e s. A 2 x 1 0 A N O V A ( 2 
gr o u p s, . 1 0 d a y s) wit h r e p e at e d m e a s ur e s o n t h e s e c o n d 
f a ct or w a s u s e d f or i nt er s e s si o n h a bit u ati o n a n d a 2 x 7 
A N O V A wit h r e p e at e d m e a s ur e s f or t h e b e a m t a s k. 

I n i nt er s e s si o n h a bit u ati o n, t h er e w a s a si g nifi c a nt d a y 
eff e ct ( F 9.1 6 2 = 2. 1 1, P < 0. 0 5) a n d a si g niifi c a nt i nt er-
a cti o n ( F 9 ,162 = 2. 0 3, P < 0. 0 5 ), b ut n ot a. si g ni fi c a nt 

g r o u p e f f e ct ( Fi a s = 0 -0 5 , P < 0. 8). A s s e e n i n Fi g. 1, o nl y 
n or m al mi c e h a d l o w er a cti vit y l e v el s d u n n g t h e fi n al 
d a y s of t e sti n g a s o p p o s e d t o t h e i niti al d a y s of t e sti n g. 
T e s a m e p att e r n di d n ot o c c u r i n l u r c h e r m ut a nt s 
b e c a u s e of l o w er i niti al a cti vit y l e v el s. L n i ntr a s e s si o n 
h a bit u ati o n, b ot h gr o u p s w er e l e s s a cti v e d uri n g t h e 
s e c o n d p art a s o p p o s e d t o t h e fir st p art of t h e s e s si o n s 
( m e a n s + S. D.: n or m al mi n e, fir st p art 2 5. 8 + 7. 4, l a st p art 
2 0. 7 + 5. 4, p air e d 4 = 2. 7 5, P < 0. 0 5; l ur c h er, fir st p art 
2 4. 2 + 6. 5, l a st p art 2 1. 1 + 5. 5, p air e d t 9  = 2. 2 0, P < 0. 0 5). 

I n t h e e m er g e n c e t e st ( T a bl e 1), a c c or di n g t o eit h er 
t w o or f o ur p a w c nt eri a, t h er e w er e n o gr o u p ciiff er e n c e s 
i n t e r m s o f l at e n ci e s u ntil e m e r gi n g f r o m t h e s h o e 
( P > 0. 0 5, u n p air e d t-t e st f oll o wi n g l o g tr a n sf or m ati o n 
of d at a). 

I n t h e b e a m- w al ki n g t e st, f or l at e n ci e s u ntil f alli n g, a 
2 x 7 A N O V A r e v e al e d si g nifi c a nt gr o u p ( F 6 1 ,-- 6 3. 8 4, 
P < 0. 0 0 1), d a y ( F 6.508 = 1 1. 1, P < 0. 0 0 1), a n d i nt er a cti o n 
( F6..1 ,8 = 5. 2 3, P < 0. 0 0 1 ) e f f e ct s. A s s e e n i n T a bl e 2, 
n or m al mi c e st a y e d l o n g er o n t h e b e a m t h a n ' ar c h er 
m ut a nt s. T h e n o r m al g r o u p i m p r o v e d st e a dil y 
( F6.64  = 1 1. 1 6, P < 0. 0 0 1 ), w h e r e a s t h e l u r c h e r g r o u p 
i m pr o v e d ( F6,64 = 4. 8 9, P < 0. 0 0 1), b ut r e a c h e d a pl at e a u 
aft er 3 d a y s. A sir ail ar a n al y si s ( 2 x 7 A N O V A) w a s 
p erf or m e d i n t er m s of n u m b er of s e g m e nt s tr a v er s e d 
A s s e e n i n T a bl e 3, t h e r e w e r e si g ni fi c a nt g r o u p 
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Table 2 
Mean (S.D) latencies unul falling for lurcner mutant duce and normal mice in a beam-walking task dunng acquisition 'clays 1-7 1 and re:zru:or. 
(day 8) performed 1 week later 

Groups Days 

2 3 4 5 6 7 8 
Normal mice 40.0+27.5 923+60.9 138.6+70.0 146.0+45.1 182.1+57_2 185.8+62.4 188.6+36.4 210.7=39.0 
Lurcher mutants 8.5±6.7 9.5+8_3 28.0-21.4 28.1 ±29.9 15i±19.9 18.4+36.2 28.5 + 54.2 25.4=253 

Table 3 
Mean + S.D. number of segments traversed for lurcher mutant suce and normal mice in a beam-walking task durmg acquisition (days 1-7) and 
retennon (day 8) performel 1 week Liter 

Groups Days 

3 4 5 6 7 8 
Normal mice 3.2+53 15_5+11.9 28.0+20.6 30.9 + 163 44.4+233 45.6+22.1 57_2 + 16.8 62.1 + 182 
Lurcher mutants 0.0+0.0 0.5+0.7 1.6+21 1.0+2.8 0.7+1.6 1.7+5.4 4.0 + 12_6 0.4+1.0 

(F1  8 =63.84, P <0.001), day (F6.108 =11.1, P<0.001), 
and.  interaction (F6.108  = 5.23, P <0.001) effects. The same 
result is observed as for falling latencies: normal mine 
crossing more segments than lurchers and reaching a 
higber asymptouc level. Normal mice crossed more 
segments with time (F6.34=15.62, P <0.001), as clid 
lurchers at borderline significance (F6, 54=2_24, P 
0.0529). There were no differences for either group 
between performances on day 8 (performed 1 week later) 
and day 7 (paired r-test, P > 0.1) for falling latencies and 
segments crossed. Although a drop in mean values 
occurred in lurchers for segments traversed, this did not 
achieve significance because it was mostly due to the 
rcsult of a single animal. 

The main purpose of the present study was to deter-
mine whether lurcher mutants differ from normal mine 
in learrung to maint= body balance on a narrow round 
bridge. It was found that both normal mice and lurcher 
mutants acquired the beam-wallcing task.. noted by the 
increase in falling latencies and segments traversecL For 
both measures, lurcher mutants reached an early plateau, 
while the acquisition of normal mice improved gradually 
and reached a higher final level. These results comple-
ment a previous study in winch lurcher mutants and 
normal mice acquired a tilted platform task [6]. nus, 
cerebellar damage does not prevent animais from acquu--
mg a motor skill. 

This pattern of results is ciifferent from that described 
eye-blink conditioning, where lesions of the mterposi-

tus nucleus prevent learning [10,11]. In the beam-
walking task, lurcher mutants, in spite of massive degen-
eration of cerebellar granule and Purkinje cells [1], 
were able to unprove. However, [bey could not reach 
the sarne asymptotic level of performance as that of 
normal mice. This limiting factor may either be due ta 
an impairment in the sensonmotor leamine necessary 

to reach a hig,her level of performance or to the severity 
of the ataxic symptoms, permitting leanaing up to a 
certain point but no further. Further evaluations with 
different kinds of tests will determine to what extent this 
result is generalizable. The results of the retention test 
indicate no loss in memory following a 7 day interval 
for either group, as would be expected, at least in normal 
mice, for a procedural-like task 

In a previous study, lurcher mutants had strailar 
activity levels as normal mice in a T-maze [7]. The 
same result was found in the present study with the 
activity chamber (Fig. 1). Thus, in spite of ataxia, these 
mutants are not hypoactive. On some occasions, espec-i-
ally while rearing against the walls, the mutants fell 
sideways and crossed a line segment involuntarily. Both 
proups showed intrasession habituation. In the previous 
srudy [7], contrary to normal mice, there was no 
intrasession habituation during 3 days of testing in the 
stem portion of the T-maze on the part of the lurchers. 
In the present study, the exposure period to the activiry 
chamber was longer (10 days), and this may have caused 
lurchers to habituate. However, contrary to normal mice, 
they showed no intersession habituation (Fig. 1), because 
of low levels of activity in the early part of testing. They 
were slower to initiate movement in the activity chamber, 
perhaps due to excessive inhibition on being exposed to 
a nove' arca. But they had no excessive timidity in 
emerging from a small arca (a toy shoe) to the familiar 
chamber. And so, aside from a small decrease early on 
being exposed to a novel chamber, lurcher mutants had 
activity patterns over rime that were similar to those of 
normal mite. Disinhibitory tendencies have been 
described for this mutant for hole-poking [8], but such 
tendencies were not displayed here. Therefore, cerebellar-
induced disinhibitory tendencies appear ro be test-
specific, being. manifest for hole-poking [8], for lever- 
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Lbstract 

Rats were lesioned in the midline cerebellum, compnsing the vermis and fasrigial nucleus, or the huerai cerebellum. comprising the 
erebellar hemispberes and dentale nucleus, and evaluated in a sencs of motor and non-motor learning tests. Rau with midline lesions harl 
ifficulty cn maintairung their equilibnum on a bndge and were slower before turning upward and traversed less squares on an inclined 
nd. They were not unpaired for muscle strength when suspencied from a horu.ontal wire. Rats with lacera! lesions had milder deficits on 
le bndgc and were not affected in the °cher two tests. In the Moms water mam. test, rats  with laierai lesions were defieieiti in spatial 
nentation. whereas rats with midline lesions were deficient i.n visuomotor coordination. Laierai lesions ttad no effects on visual 
iscn.minauon learrung. nese results illustrate the differennal influence of midline as opposed to lateral cerebellar regions on both motor 
id non-motor behaviors. Fastigial nucleus lesions decreased the cime spent in equilibnum and latencies before faJling on the bridge and 
Le distance travelled along the inclined gid but had no effect on muscle strength when suspended from the horizontal string. Quadrant 
unes and escape latencies were higher in rats with fasugial lesions during the hidden plarform condition of the Morris water maze but 
it dunng the viscble platform condition. lt cs concluded that fasurnal-lesioned rats are impaired in equilibrium and spatial orientauon but 
cth repeated trials learn to improve their performances. 

ryworcu: Cereoellum. Soma( onernation: ocor coordmaoon. Visual discrIminarson learrung; Fasogsal nucleus: Sensonmotor learning 

Introduction 

Die cerebellum cs involved in sensonmotor condiuon-
g and motor control [2.28.44-48]. Lesions of the antenor 
terposims or the dentate impared and even abolished 
3.46] the nicutaang membrane conditioned reflex in 
Dbits. The same defect occurred after incracranual actmm-
ranon of the GABA, receptor agomst. muscimol. into 

interposirus [22]. Lesions of circumscribed regions of 
cerebellar cortex [26,47] and of the infenor olive [481 

;rupted Mis Pavlovian reflex as well. On the basis of 
:se results, the cerebellum is conceived as the storage 

of conditioning [28.40-42] or at least as a crucial arca 
)dulating learrung [46.47]. Bloedel [2.3] and WCIS1G and 
.rvey [44,45] dispute Mese views, proposmg mstead that 

cerebellum slows clown motor irutiauon and impairs 

Corresponding author. Fax: 	— I (514) 343-2715. E-mail: 
ndr@ere.umoncreal.ca  

the motor functions subserving Pavlovian conditiomng. 
Altbough some of Meir objections have been answered 
[41], some methodological issues remain to be resolved. 
Lesion srudies are supplemented with electrical stimulation 
studies implicating the cerebellum in the classically condi-
tioned eyeblink response [36,38]. Classical conditioning 
deficus are also found in patients with cerebellar disease 
[9]. 

A second conditioning paradigm sensitive to cerebellar 
ICSIOGS is adaptauon of the vestibulo-ocular reflex [191. 
Lesions [20] or subdural application of hemoglobin [30] in 
the flocculus impaired adaptation of the vestibulo-ocular 
reflex in rabbits. Other conditioning paradigms sensitive to 
cerebellar lesions are long-term habituauon of the acousuc 
startle response [27] and heart rate conditioning [37]. Le- 
sions of the midline cerebellum. but not of the lateral 
cerebellum, retarded long-term habiruation of the acoustic 
startle response and conditioned bradycardic responses. 
Long-term habiruauon of the acousuc startle response is 
also Impared by lesions of the midbrain reucular forrna- 

5-3993/96/515 00 Copyngta 	1996 Elsevier Science 3.V 	nets reserved. 
50006-39931 96)0033-2 
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tion [21], part of the fasngial efferent system [8], implying 
a funcnonal relationship berween these two regions in this 
paradigm. Electrical stimulation of the fastigial nucleus 
raised blood pressure levels [11], provoked sgooming [1], 
and caused emotive reacnons [1], effects that are pernaps 
due to fastigial modulanon of brain stem [8], hypothalamic 
[17], and .  limbic [18] regions. The fasugial modulation of 
blood pressure is associated with a reflex cardiovascular 
response ro postural adjustments [11]. 

Midline cerebellar lesions impair posture and equilib-
num [12], but it remains to be determined na what extent 
sensonmotor learning odeurs after such lesions. Despite 
the presence of ataxia, an improvement of motor coordina-
tion has been reported in a cerebellar mutant mouse [24]. 
One purpose of the present study is to find out whether an 
improvement occurs after naidline and lateral cerebellar 
lesions. In addition, there is a disruption of navigational 
abilities in cerebellar mutant mice [1425] and a disruption 
of spatial orgeni7-2rion in patients with cerebellar digen5e-
[4-61. In view of fastigial interrelations with visual path- 
ways such as the supenor colliculus [7,8,19] and the 
frontal eye field [7,2.3] and with vestibular nuclei [43], we 
wished to determine whether spatial onentadon or sensori- 
motor integranon is deficient after midline cerebellar and 
fastial nucleus lesions. In experiment 1, midline lesions 
were compared to lateral lesions. In expenment /. the 
effects of fasngial nucleus lesions were evaluated. 

2. Materials and methods 

2.1. Expertrnenr 

2.1 .1 . Animais 

Twenry-two three-month-old DA/HAN (piamented) 
rats, born and bred at the University of Rouen (12 h 
light-12 h dark, 22°C, food and water at all rimes). were 
randomly divided into three goups: bilateral lesions of 
cnidline (vermis and fasugius with an intact flocculonodu-
lar lobe, n = 6), or of lateral (hernisphere and dentate, 
n = 6) regions of the cerebellum and sham operaied con-
trols ( n = 10). 

2.1.3. Histological controls 
After completion of the behavioral experiments. the 

operated rats were overdosed with pentobarbital sodium 
and perfused intracardially with formalin-glutaraldehyde. 
The brairas were then removed and placed in 10% formalin 
for several weeks. All the brains were examined under the 
operating microscope in tarder to estimate the extent of the 
lesions. Frozen sections 25 um thick stained with Cresyl 
violet were examined under the light microscope. 

21.4.•Apparcaus and procedures 
Four main types of behavioral tests were conducted 

during 24 days of behavioral testing: psychomotor perfor-
mance (days 1-6), spatial learning in a water maze (days 
7-14), spontaneous alternation (days 15-23), and simulta-
neous visual discrimination learning (days 15-24). 

2.1.5. Psychomotor tests 

21.5.1. Bridge test. A square wooden beam (length = 100 
cm, width = 2 cm, thickness = 1.5 cm), separated into 
10-cm segments, was suspended berween two platforms 60 
cm above a foam cushion. There was a piece of cardboard 
(18 X 24 cm) at each end of the bridge to prevent any 
escape. The rat was placed in the middle of the bridge and 
the number of segments traversed, the time spent with aLl 
four paws on the beam (equilibrium rime), and the latency 
before falling were measured (cut-off point = 60 s) for 6 
days (2 trials per day, intenrial interval 10-12 min). 

2.1.5.2. Grid test. A wire mesh screen (height = 120 cm, 
width = 120 cm: 16 squares/cm, wooden frame), placed 
at a height of 60 cm from the blanket-covered floor. was 
used as a second test of motor coordination. Each side of 
the screen was separated into 10-cm squares. The rat was 
placed in the middle part of the screen (inclined at 400  
from the horizontal), fading downward, and the latency 
before the rat turned to face upward, the rime spent on the 
gid (cut-off point = 120 s), and the number of segments 
rraversed were tabulated. Each rat was evaluated for 2 
trials per day during 6 days of testing with an interrrial 
mterval of approximately 50 min. 

2.1.2. Surgtcal procedures 
The arumals were anesthenzed with pentobartntal 

sodium (35 mg/kg, i.p.) and secured in a stereotwuc 
appararus. The head was shaved with a depilatory cream. 
the skin of the skull was incised, the neck muscles were 
dut. and the occipital bone was drilled and removeci_ Atter 
curung the dura. midline or lateral cerebellar regions was 
aspirated and the caviry filled with Gelfoam. The skip was 
then surured and the rats were placed under a 100 wart 
lamp untli awakerung. The first behavioral test began three 
weelcs after the operauon. Sham-operated rats were submit-
ten to the sarne protocol except that the brain was len 
intact. 

2.1.5.3. Wire suspension. The front paws of the rats were 
placed on a horizontal wire (2 nam in diameter) 80 cm 
above the blanket-covered floor. The latency before the 
rats fell from the wire was recorded (maximum rime 
allowed = 60 s) for two trials per day during 6 days of 
testing with an intenrial interval of approximately 10 min. 

2.1.6. Spormaneous alternation 
A T-maze, made of painted wood (stem = 100 cm x 15 

cm. arrns = 40 cm X 15 cm. height of walls = 19 cm), was 
used for a rveo-trial spontaneous alternation test. The first 
trial was forced since only one of the ai-ms was open, the 
ober arm being blocked by a barrier. In the second trial, 
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the rat could either choose the same arrn or alternate. The 
arm chosen to be blocked was changed from one day to 
the next: 'the right side on day 1. the left side on day 2. 
Men the rizin again on day 3. etc. 'There was no intertrial 
interval (except for the brief time necessary to wash the 
maze after every trial) on days 1. 4 and 7, an intertrial 
interval of 3 min on days 2. 5 and 8, and an internial 
interval of 10 min on days 3, 6 and 9. The rats spent the 
intertrial intervals of 3 and 10 min in a holding cage. The 
T-rnaze was aiways placed in the same arca of the experi-
mental room. 

2.1.7. Water maze spatial learning 
The apparatus was a circular pool (diameter = 90 cm. 

height =45 cm) filled with water (approximately 27°C) to 
a depth of 24 cm and picces of styrofoam hiding an escape 
platforrn (diameter = 8 cm) placed 3 cm beiow the water 
5urface (place learning. invisible condition) or with the 
escape platforrn placed above water level without the 
sryrofoam (cued learning. visible platform condition). Many 
extramaze visual cues surrounding the maze were avail-
able. the expenmenter being present in the same location 
for =ch trial. 

The rats were placed in the water close to and facing 
the audpoint section of the wall at one of four equally 
spaced locaUons: North (N), East (E), South (S). and West 
(W). The pool was scparated into 4 quadrants: NW, NE. 
SE and SW. The rats wcre allowed to swim freely until 
they found the platform, on top of which (bey could climb. 
If a rat failed to locate the platform within 60 s. it was 
deposited on the platform, where it remained for 5 s. Each 
rat received 6 trials per day and at each trial. the starnng 
position was change! (startinz on the N sicle. followed by 
E. S and W sides in that order). The intertnal interval was 
5 min between trials 1-3 and 4-6 and 10 min between 
trials 3 and 4. For the first 3 days of maze resting, the 
submerzed plarfortn was placed in the NW quadrant and 
then in the SE quadrant for the following 2 days. .After 
these 5 tesung clays, there was a penod of 7 days without 
any tesung. On day 6, the rats were retested with the 
platforrn located as on day 5. On day 7 (one day later). the 
platforrn was lifted above water level and placed zn the 
SW quadrant. 

2.1.8. Visual discrimination test 
The rats were placed in a basin with the sarne dimen-

sions and water level and pieces of styrofoam were spread 
out on the surface. The rats started at all nmes from the S 
position. Two transparent platforrns painted in black (di-
ameter 10 cm) were placed in the pool at-3 cm below 
water level: one covered with wire-mesh. enablinz the rats 
to escape. and the other uncovered. The bortom of the pool 
was painted black to camouflage even better the platforrns. 
These platforrns were placed in either the NW or NE 
quadrants the left-nght positions being chanzed according 
to Fellows [13] sequences 1 and 3. There were 8 trials per 

day with an interirial interval of approximately 20 min. 
The discriminanda were cards (height = 26 cm, width = 19 
cm) made of cardboard held by nails fixed on the wall of 
the pool directly behind and over the platforms and touch-
ing water level. The positive stimulus (S ) was a white 
card with black horizontal stripes and the negative stimu-
lus (S -) was a black card. The test was run until the rats 
reached cnterion as defined by 14/1 6 correct responses 
(87%). The number of trials to criterion was measured 
together with quadrant entries and escape latencies. When-
ever an error occurred, the platform was tipped over by the 
experimenter's hand in order ro prevent the rat from 
climbing aboard. 

3. Experiment 2 

3.1. Materials and methods 

3.1.1. AnimaLs 
Fifteen three-month-old Wistar rats, boni and bred at 

the University of Nancy 1, were housed in a reversed 12 h 
light-dark cycle (on at 20:00, 22°C, food and water avail-
able at a1I times), and were randomly divided into two 
groups: bilateral lesions of the fastigial nucleus (n = 5) 
and sham-operated controls (n = I0). 

3.1.2_ Surgical procedures 
The rats were anesthesized with Equitesin (150 mg/kg) 

and secured in a stereotaxic appararus. The head was 
shaved with depilatory cream, the skin of the skull was 
incise", and burr holes were drilled. Lesions of the fasti-

al nucleus resulted from passing a direct modal current 
(32 µA, duration: 6 min) through a stainless steel elec-
trode 0.15 rnm in diameter. insulated throughout its length 
except 0.5 min at the tip. The skull was alizned with 
bregma and lambda and the electrode was positioned at the 
following coordinates: 9.8 rnm posterior to bregma.. 1.1 
mm lateral to the midline, and 9 mm ventral from the top 
of the skull. Sham-operated rats were anesthesized, ther 
skin was incised, and the electrode was lowered, but no 
current was passed. After surgery, the skin was surured. 
The rats were Men placed in an isolated cage with bedding 
made of wooden shavings and kept warrn until recovery, 
after which rime they were returned to their home cage. 
All animais appeareci healthy and throughout testing their 
body weight increased norrnally. 

3.1.3. Histological controls 
After completion of the behavioral tests, the lesioned 

rats were overdosed with pentobarbital and perfused intrac-
ardially with forrnalin-glutaraldehyde. The brains were 
then removed and placed in 10% forrnalin for several 
weeks. Frozen sections 25 w..m thick stained with cresyi 
violet were examined under the light microscope. 
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3. 1. 4. A p p a r a n a a n d p r o c e d u r e s 

T w o m ai n r y p e s of b e h a vi or al f u n c n o n s w er e a s s e s s e d 
d uri n g 1 3 d a y s of t e sti n g: m ot or c o or di n ati o n a n d m u s cl e 
str e n gt h ( d a y s 1- 7) a n d n a vi g ati o n i n t h e M orri s w at er 
m a z e ( d a y s 8- 1 3). T h e a p p ar ar u s a n d pr o c e d ur e s w er e 
si mil ar t o M o s e of e x p eri m e nt 1. 

A si mil ar w o o d e n bri d g e w a s u s e d ( d a y s 1- 3) e x c e pt 
t h at t h e t hi c k n e s s of t h e b e a m w a s 1. 0 c m i n st e a d of 1. 5 
c m a n d t h e t e st l a s z e d 3 d a y s i n st e a d of 6. O n d a y s 4- 5, a 
si mil ar wir e m e s h gri d w a s u s e d e x c e pt t h at t h e h ei g ht w a s 
1 2 0 c m i n st e a d of 9 5 c m. t h e wi dt h 7 0 c m i n st e a d of 1 2 0 
c m a n d t h e s q u a r e si z e w a s 1 c m =  i n st e a d o f 1 6 
s q u ar e s/ c m. O n d a y s 6- 7, a h ori z o nt al wir e of i d e nti c al 
di m e n si o n s w a s u s e d a n d t h e s a m e pr o c e d ur e w a s a d o pt e ct 

O n d a y s 8-- 1 3, a si mil ar cir c ul ar p o ol w a s u s e d e x c e pt 
t h at t h e di a m et er w a s 1 8 0 c m i n st e a d of 9 0 c m. t h e h ei g ht 
of t h e w all s w a s 4 0 c m i n st e a d of 4 5 c m, a dil ut e d mil k 
s ol uti o n hi d t h e pl atf or m i n st e a d of sr yr of o a m a n d t h e 
cii a m et er of t h e e s c a p e pl arf or m w a s 1 8 c m i n st e a d of 8 
c m. T h e pr o c e d ur e w a s i d e nti c al e x c e pt t h at n o r et e nti o n 
t e st w a s gi v e n o n e w e e k l at er. o nl y t h e vi si bl e t a s k ( wit h 
t h e r nil k r e m o v e d) b ei n g p erf or m e d att er a p e n o d of 7 
d a y s wtt h o ut t e sti n g. N o e v al u a d o n w a s m a d e f or s p o nt a-
n e o u s alt er n a u o n a n d vi s u al di s cri mi n ati o n i n t hi s e x p eri-
m e nt b e c a u s e of t h e l a c k of a n eff e ct i n e x p eri m e nt 1. 

3. 1. 5. St ati sti c al a n al y s e s 

Wit h h o m o g e n e o u s v ari a n c e s, A N O V A s w er e p er-
f or m e d o n t h e r a w d at a. Wit h h et er o g e n e o u s v ari a n c e s, 
r o u n d wit h ti m e- d e p e n d e nt m e a s ur e s, t h e s a m e a n al y s e s 
w er e p erf or m e d o n t h e l o g- n -a nsf or m e d d at a. 

I. R e s ult s 

E r p e n m e nt I 

.. 1. 1. Hi st ol o g y 

R at s wit h mi dli n e c er e b ell ar l e si o n s ar e r e pr e s e nt e d i n 
l g. 1 A a n d B a n d r at s wit h l a c er ai c er e b ell ar l e si o n s i n 

1 C a n d D. T h e fl o c c ul o n o d ul ar l o b e w as l eft i nt a ct b ut 
e as di s c o n n e ct e d d u e t o t h e w hit e m at er l e si o n s. 

. 1. 2. P s y c h o m ot o r t e st s 

. 1. 2. 1. B n cl g e. T h er e w a s a si g nifi c a nt g o u p eff e ct ( F. 19  
. 1 3 0. 3, P < 0. 0 0 1) f or e q uili bri u m t u n e, s m c e t h e l e-
o n e d gr o u p s ( Fi g. 2 A) s p e nt l e s s u m e wit h all f o ur p a w s 

t h e b e a m c h a n t h e c o ntr ol gr o u p. T h e ci a y eff e ct a n d t h e 
t er a c n o n w er e al s o si p nifi c a nt ( P < 0. 0 1). O n ( J a y 1. 
)t h l e si o n e d gr o u p s w er e i nf e n or t o c o ntr ol s ( P < 0. 0 5, 
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Fi g. 2. M e a n ( S. E.) v al u e s of e q uili b ri u m n m e ( A). di st a n c e t r a v ell e d ( B). 

a n d l at e n ci e s b ef o r e f alli n g ( C) of r at s wit h a u dli n e, l ai e r ai o r s h a m 

l e si o n s o n t h e bri d g e. 

D u n n e n' s r-t e st), w h er e a s fr o m d a y 2 o n w ar d s, o nl y t h e 
mi dli n e g o u p w a s i nf e n or ( P < 0. 0 5). Si m pl e m ai n ef-
f e ct s r e v e al e d t h at t h e e q uili bri u m l at e n c e s of t h e l a c er ai 
g o u p i n cr e a s e d a cr o s s d a y s ( F5.95  = 9. 1 4, P < 0. 0 1). T h at 
w a s n ot t h e c a s e wit h t h e mi dli n e g o u p ( F 5.95  — 0. 8 8, 

;. 1. Tr a n s v er s e s e cti o n s of r at br a n s st a m e d wit h Cr e s yl vi ot ei s n o wi n g c er e b ell ar r e gl o n s ( d ar k e n e d ar e a s) r e m o v e cl b y s u c n o n. N u m b er s o n t h e l e h 
Li c at e t h e a nt er o p o st e n or c o or cii n at e s or' P ell e g n n o et al. ( 3 2j. ( A) r at wit h mi ni m al m a c hi n e 	 ( B) r at wit h m a xi m al mi dli n e l e si o n: ( C) r at wit h 
ni m al l at e r al t e st o n: ( D) r at wit h m a xi m al l at e r al l e st o n. 
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Fi g. 3. M e a n ( S. E.) v al u e s of l at e n m e s b ef or e t urr u n g ( A) a n d di st a n c e 

tr a v ell e d ( B) of r at s wit h tr u dI m e, l ai er ai or s h a m l e st o n s o n t h e g n d. 

P > 0. 0 5). T h e c o ntr ol gr o u p b a d m a xi m al v al u e s t hr o u g h-

o ut t h e t e sti n g p e n o d. T h e r e w e r e n o g r o u p, d a y a n d 
I nt er a cti o n eff e ct s ( P > 0. 0 5) f or t h e n u m b er of s e g m e nt s 
tr a v er s e d ( Fi g. 2 3). T h e n u m b er of s e g n e nt s tr a v er s e d w a s 
l o w er f or t h e o p er at e d g o u p s, b ut t h e l ar g e v a n a n c e of t h e 

c o nrr ol gr o u p miti g at e d a g a m st a si g nifi c a nt diff er e n c e. I n 

t er m s of t u n e s p e nt o n t h e b n d g e ( Fi g. 2 C), gr o u p, d a y, 

a n d mt e r a c n o n e f f e ct s w e r e si g ni fi c a nt ( P < 0. 0 0 1, < 

0. 0 0 1 a n d < 0. 0 5 r e s p e cti v el y ). I n c o m p a n s o n t o t h e 

c o ntr ol gr o u p. t h e mi dli n e gr o u p h a d l o w er l at e n ci e s b e-
f o r e f aili n g o n d a y s I. 2. 3. a n d 4 ( P < 0. 0 5, D u n n ert' s 
r-t e st). w h er e a s t h e l a c er ai gr o u p h a d l o w er l at e n ci e s o nl y 
o n d a y 1 ( P < 0. 0 5). Si m pl e m ai n eff e ct s r e v e al e d t h at t h e 
r n x dii n e gr o u p ( F5 95  6. 7 6. P < 0. 0 1) a n d t h e l a c er ai 
g r o u p ( F 5.95 	 8. 2 8 , P < 0. 0 1 ) u n p r o v e d o v e r cl a y s, 
w h er e a s t h e c o ntr ol gr o u p h a d m a xi m al v al u e s t hr o u g h o ut 
t h e t e sti n g p e n o d. 

4. 1. 2. 2. G r i d. Si g mfi c a nt g o u p, d a y, a n d i nt er a cti o n ef-
f e ct s ( P < 0. 0 5) w er e o b s er v e d f or l at e n ci e s b ef or e r u n u n g 
o n t h e gi d. T h e rt u dli n e g r o u p l o o k m o r e t u n e b e f o r e 

t u r r u n g u p w a r d t h a n t h e o r n e r r w o g r o u p s ( Fi g. 3 A ). 
N e v ert h el e s s t h eir p erf or m a n c e i m or o v e d o v er d a y s ( F 5 9 5  
= 2. 9 4. P < 0. 0 5). N o gr o u p diff er e n c e s ( P > 0. 0 5) w e r e 

f o u n d f o r di st a n c e t r a v ell e ci ( Fi g. 3 B) o r f o r t h e t u n e s p e r 
o n t h e a p p a r at us ( m a xi m al v al u es f o r all t hr e e gr o u p s). 

4. 1. 2. 3. C o at- h a n g e r. T h er e w a s a si g nifi c a nt d a y eff e c 
( F3.95  = 5. 0, P < 0. 0 1) i n t h e a b s e n c e of g r o u p a n d i nt er-
a cti o n eff e ct s. a s all t h r e e g r o u p s l e a r n e d t o cli ri g b e n e r t c 
t h e h o ri z o nt al b a r wit h ci m e ( Fi g. 4). 

4. 1. 3. W at e r ' n a z e l e a r ni n g 

A 2 ( g r o u p s) x 3 ( d a y s) A N O V A wit h r e p e at e d m e a-

s u r e s o n t h e s e c o n d f a ct o r w a s c o n d u ct e d d u r m g t h e 
a c q ui siti o n of t h e hi d d e n pl atf o r m v e r si o n of t h e w at e r 
m a z e ( Fi g. 3 A a n d 5 B). A s d e s c ri b e d b el o w, t h e r ai dli n e 
g r o u p h a d d efi cit s i n t h e vi si bl e pl atf o r m c o n diti o n. T h e r e-

f o r e, o n 1 y t h e l at e r al g r o u p w a s c o m p a r e d t o t h e c o nt r ol 

g r o u p d u ri n g i n vi si bl e pl atf o r m t e sti n g. F o r q u a d r a nt e n- 
t ri e s, si g nifi c a nt g r o u p ( F1.13 	 1 3 3, P . < 0. 0 1) a n d ci a y 
( Fz 2 5  6 0. 7) eff e ct s w e r e o b s e r v e d i n t h e a b s e n c e of a 
si g nifi c a nt i nt e r a cti o n ( F, 26  = 1. 2, P > 0. 0 5). A si mil a r 
p att e = w a s di s c e m e d f o r e s c a p e l at e n ci e s. R at s wit h l at-

m al l e si o n s c r o s s e d m o r e q u a d r a nt s a n d h a d hi g h e r e s c a p e .  
l at e n ci es b a n sti a m- o p e r at e d c o nt r ols. 

O n d a y s 4- 5, w h e n t h e p o siti o n of t h e i n vi si bl e pl at-
f o r m w a s c h a n g e d, t h e g r o u p eff e ct di s a p p e a r e d ( F1.13  = 
0. 4, P > 0. 0 5 f o r q u a d r a nt s, F 1.13  = 0. 5, P > 0. 0 5 f o r 
e s c a p e l at e n ci e s) b ut n ot t h e d a y eff e ct, a s b ot h gr o u p s 

i m pr o v e d t h eir p erf or m a n c e o n t h e f oll o wi n g d a y ( P < 
0. 0 0 1). D u n n g t h e r et e nti o n t e st ( d a y 6 of t r ai ni n g), t h e 
t al e r ai g r o u p t r a v e rs e d m o r e q u a d r a nts ( F1 1 3  1 3 . 1 ,  P < 
0. 0 1) b ut di d n ot h a v e hi g h er e s c a p e l at e n ci e s c h a n t h e 
c o nt r ol g r o u p ( F 1.13  = 4. 5, P > 0. 0 5 ). F o r q u a d r a nt s 
( m e a n s a n d S. D.): l at er ai gr o u p: 4. 5 ( 1. 4), c o ntr ol gr o u p: 
2. 6 ( 0. 6); f or l at e n ci e s: l a c er ai gr o u p: 1 0. 6 ( 4. 0), c o n n -ol 
gr o u p: 6. 7 ( 2. 7). 

D uri n g vi si bl e pl arf or m t e sti n g, si g nifi c a nt gr o u p eff e ct s 
w er e d et e ct e d f or q u a dr a nt e n cri e s ( F, 18  = 4. 5, P < 0. 0 5) 
a n d e s c a p e l at e n ci e s ( F 18  "' 1 5. 6, P < 0. 0 0 1). O nl y t h e 
mi dli n e gr o u p diff er e d fr o m t h e c o ntr ol gr o u p o n b ot h 

D A Y S 

Fi g. -t. M e a n ( S. E.) v al u e s of l at e n ci e s u n ul f alli n g of r at s wit h rr u dli n e. 
l at er al or s h ar n l e si o n s o n t h e c o ar- h a n g er. 
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74. 5. Mean (S.E.) values of quadrant carnes (A) and 	r  iaiencies 
13) of rats with laierai or shani lesions dunng water maze spatial leartung 
n Gays 1-3 (invIsible plarforrn NW quadrant) and days 4-5 (invtsible 
larform in SE quadrant). 

leasures as determined by the Dunnert's r-test (P <0.05): 
uactrant entries: 4.7 (2.1) for the nuctline. 2.4 (0.5) for the 
tteral. and 3.0 (1.1) for the control grroup: latencits: 39.2 
3.9) for the rrudline, 4.3 (0.8) for the lacerai. and 5.5 

L.9) for the control goup. 

1.4. Sponraneous alternarron 
AL darce goups alternated significantly above chance at 

1 retenuon unervals according to the r-test (P < 0.05) 
'able 1). 

ble 1 
ontaneous alternat:ion rare ai Mme retenoon unervais and Mein (S.D.) 
mber of trials ro rtenon on the visual discrumnaoon leaming tas of 
s with midline. tuerai or shama lesions 

)ntaneous alternation 
sin 	 83% • 	83% • 	93% ' 
un 	 779b 	 88% • 	93% ' 
min 	 77% ' 	77% • 	90% ' 
ual discnrrunauon Jean:ling 
si.s cc> cntenon 	nor tesred 	34.2 	36.1 

< 0.05 (t-testl. 

4.1.5. Discrimination learning 
Due to the severe visuornotor deficits of the midline 

goup, only the lacerai and control goups could be tested 
during simultaneous visual ciiscriminanon learrung in the 
water maze paradigm. As shown in Table 1. there was no 
difference berween these rwo goups in ternis of trials 
needed to reach the criterion (P > 0.05). 

4.2. Experiment 2 

4.2.1. Histology 
Lesions of the fastial nucleus are depicted in Fig. 6 

according to the stereotaxic coordinates of Pellegnno et al. 
[32]. 

4.2.2. Psychomator tests 

4.2.2.1. Bridge. For latencies before falling on the square 
bridge, there were significant group (F113  = 11.68, P < 
0.01) and day (F2.26  = 6.67, P < 0.01) effects but no 
interaction (F„6 = 0.02, P> 0.05). The fastigial goup 
fell sooner from-  the beam than the control goup, but the 
learning curves of each goup appeared to be parallel (Fig. 

Fig. 6. Coronal secnons of rat brams with electrolync fasugial nucleus 
(15.1) 	(99) 	 lesions: black areas: muumal lesions: dotted areas: maximal lesions. 

Numbers illustrate antenor postenor coordinaces according ro the siereo-
takic coordinates of Pellegrino et al. [321. 
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GRID-TURNING 7A). For equilibnum time (Fig. 7B). there were significant 
group (F1.13  = 18.78, P < 0.001) and day (Fz.,6  = 6.8. 
P < 0.01) effects in the absence of an interacnon (F- = 
0.3, E> 0.05). The fastigial group had more difficulty in 
maintaining equilibnum on the beam than the control 
group. But each group showed some evidence of improv-
ing with practice, although the performance of the fastigial 
group .appeared to reach an early plateau. No effects 
(P> 0.05) were discenaed for distance travelled on the 
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A 	 BR1DGE-FALL LATENCES 
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Fig. 7. Mean (S.E.) values of latencies before ialling (A). equilibrium 
urne (B). ana distance traveiled (0 of rats with fasugial or snam lesions 
on the bridge. 

Fig. 8. Mean (S.E.) values of latence= before turning (A) and distance 
travelled (B) of rats with fasragial or sham lesions on the inclined gricL 

bridge (Fig. 7C). Although the fastigial group had a lowe: 
number of segments traversed, the high inzragroup vari- 
ance of the control group rningated against a significani 
difference. 

4.2.2.2. Gna. None of the rats fell from the inclined grid. 
For latencies before tunung (Fig. 8A), there was a signifi-
cant day effect (F113 	13.0, P < 0.01), but no group 
(F1  1 3  = 0.45, P> 0..05) or interaction (F2_26  = 0.003, P > 
0.05) effects, as both groups were quicker before turning 
upward on day 2 Man on day 1. Only the group effect 
(F1.13  = 5.87, P < 0.05) was significant for distance trav-
elled on the pid, as the fastigial group was infenor to the 
control group (Fig. 8B). 

Coat-hanger. No effects were found for latencies 
before falling on the suspended string (means and S.E., 
day 1: controls: 35.6 (5.3), fastigials: 48.8 (4.4): day 2: 
controls: 44.2 (4.6), fastigials: 50.6 (6.3). 

4.2.3. Water rnaze learning 
During acquisition of place leartung in the Morris milk 

tank test, there were significant effects on the quadrant 
enn-y measure (Fig. 9A) for groups ( F,.,3  = 5.47, P < 0.05) 

0 
DAYS 
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Fg. 9. Mean (S.E.) values of quadrant cames (A) and mv-are  taLencies  
(B) of ras watt fastmal or sham lestons during warer mue spanal 
learning on days 1-3 (twetsgole planfortn m NW quadrant) and days 4-5 
(inviszble platiorm tn SE quadrant). 

and days (F. ,6  = 28.1, P ( 0.001), but not for the interac-
tion (F1,6  = 3.28. P> 0.05). Although the fasdpal group 
had higner quadrants, separate one-way ANOVAs revealed 
that bob groups improved with repeated trials, P < 0.01. 
Similar results were obtamed for escape latencies (Fig. 
9B). except that the interaction was significant (F,.,6  = 
3.42, P < 0.05). The control group ourperformed the t:asti-
gial group on days Z and 3 (simple main effect F tests, 

<:0.01) but not on day 1 (P > 
When the position of the platform was changed on day 

4, both groups had bigher quadrant entres and escape 
latencies, winch decreased for both groups on the foUow-
ing 	Sipificant group and day effects (P <:0.05) were 
Found with no interaction for both measures on days 4-5, 
is the fasugial group was still infenor but showed evi-
ience of learrung ac-ross days. There were no group ciiffer-
mces dunng the visible platform condition (P > 
luadrants: controls: 3.6 (0.4), fastigials: 3.2 (0.4); laten-
les: controls: 11.4 (1.2). fasugials 17.2 (3.4). 

. Discussion 

The cerebellar lestons in the present srudy caused motor 
non-motor deficits. Midline cerebellar lesions de- 

creased equilibrium tune and latencies before falling on 
the bridge and increased the amount of nme spent before 
tuming upward on the inciined gnd. Those lesions had no 
effects for segments traversed on the bridge and for laten-
cies before falling on the gid and on the coat-hanzer. 
Luterai lesions decreased equilibnum cime and latences 
before falling on the bridge only on the first day of 
training. There were no effects on the grid and coat-hanger 
tests. An improvement in performance across days was 
observed for both lesioned groups. The midline group 
ameliorated their performance for latencies before falling 
on the bridge and for latencies before ruming upward on 
the grict. The laceral group improved equilibrium rime and 
latencies before falling on the bridge. These results indi-
c= that motor skill acquisition was not abolished in rats 
with cerebellar lesions. In contrast interpositus and dentate 
lesions abolished or severely impaired eye-blink condition-
ing [28,42,46]. 

In addition to equilibrium tieficits, the lesioned groups 
were impaired in the water maze test Rars with midline 
lesions had deficits in the visible platform condition, 
whereas rats with lacerai lesions had deficits only in the 
invisible platform condition. This result indicates that the 
laierai part of the cerebellum is selectively involved in 
spatial orientation and not in the visuomotor abilities re-
quirat to swim toward a visible platform- We have pro-
posed that the cerebellum modulates spatial orientation 
through interactions with hig,her order brain regions such 
as the hippocampus and neocortex [4-6,25]. In two cere-
bellar mutant mice (staggerer and pcd). the same dissocia-
tion of impaired hidden platform learning and intact visible 
platform performance was found as in our laterally le-
sioned rats [1425]. This dissociation is not selective for 
rats with hippocampal lesions. In contrast midline cerebel-
lar lesions resulted in visuomotor deficits. Although these 
rats were often able to reach the platform and escape from 
the water, they had gcat difficulty in navigating toward 
the visible goal. The midline region receives sensory input 
from the vesnbular system and the superior colliculus via 
brun stem nuclei and projects bank to these regions [8,43]. 
The =clac cerebellum may thereby integrate vestibular 
and visual input into the motor output necessary to navi-
gue toward a visible goal. On de other hand, the lateral 
cerebellum receives visual input from the parietal cortex 
and the hippocampus via the brain stem [33,34] and pro-
jects back to the fronto-parietal cortex via the thalamus 
(set refs. [4-6] for a discussion on the functional signifi-
cance of these rwo-way projections). The cortical-brain 
stem-neocerebellar-dialamo-neocortical pathways may be 
involved in spatial orientation. Although laterally lesioned 
rus were not impaired in spatial performance in compari-
son to controls on the final day of acquisition of the 
reversai task (day 5), some impairment occurred during the 
retenrion test, suggestive of a role for the cerebellum in 
spatial memory. However. Mis effect was weak, being 
evident for quadrant entres but not for escape Iatencies. 
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Moreover, there was no evidence of a spatial memory 
deficu in spontaneous alternanon tesung. Neither was an 
effect obser-ved for the tuerai goup dunng acquisition of 
the simultaneous visual discnmmanon learmng task. Rats 
with fastigial nucleus lesions fell sooner and spent less 
time with all four paws on the square bndge than sham-op-
erated controls. The distance travelled on the inclined grid 
was shorter for the fasrial goup. However. latencies 
before =rung or falling were not disrurbed by the lesions. 
These results are similar to rhose of rats with larger 
midline lesions comprising the fastigial nucleus and the 
vermis, except that the motor coordination deficits were 
more severe. Rapid sensorimotor learmng was demon-
strated by the control group and by the fastigial goup on 
latenc-ies before falling and equilibrium time on the bridge. 
These re.sults are in contrast to chose showing a long-last-
ing or permanent irnpainment after some cerebellar lesions 
in the nictitanng membrane paradigm [28,46] and dunng 
adaptation of the vestibulo-ocular reflex [20]. They agree 
with those of rats with midline cerebellar lesions and 
cerebellar mutant mice [24], whose latencies before falling 
increased across clays in certain motor coordination tests. 
On the beam, fastigial-lesioned rats were able to improve 
the motor control required to maintain posture without 
adopung a freemng response. as chez distance travelled 
across clays was not decreased (Fig. 7C). 

Rats with fasugial lesions had higher quadrant ent-res 
and escape latencies chan the control eoup dunng 
acquisition and when the placform was switched to a new 
location. The poups did not ctiffer on either measure 
dunng the visible platform condition. A dissociation be-
tween the hidden as opposed to the visible plat:farm condi-
tion was ais° reponed in Purkinje cell degeneranon mutant 
("lice [14], reproducing in cerebellar-lesioned animais a 
hippocampal-type deficit [16.29.35]. With larger 
cerebellar lesions, the arurnals suffer from a sensonmotor 
deficit. artauung the visible platform with geat difficuiry. 
In view of rwo-way interactions berween the trudline cere-
bellum and visual pathways in the supenor colliculus [7.8], 
in the ventrolateral geruculate [15] and the frontal eye field 
[7.23] on one band and vesubular nuclei [43] on the ober, 
rats with midline cerebellar lesions are unable to integate 
Mese perceptions for guided swimming movements with a 
visible target. Bram stem-cerebellar interactions are known 
to be involved tn eye movement control in monkeys 
[10,39]. With fasugial lesions, some sensonmotor integra-
uon may occur at the level of the vermis, enabling the 
animal to navigate toward the visible target_ However. 
when the platform is hidden, spatial onentation defects are 
unmasked, a possible indication that the hippocampus uses 
vestibular cues Integrated by the fasugial nucieus dunng 
spatial onentauon tests. Fasrigial sumulanon &kers hip-
pocampal and septal acuvity via mulusynapuc pathways 
[18.31.33], suggesung funcuonal interdependence between 
these reinons for emouons [1.18] and spaual onentauon. 
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Abstract 

A revolving food pellet (RFP) test is presented, measunng the ability of rats to eat food pellets suspended from a horizontal 
bar un dieir home cage. This easy to make and economical devine evaluates the efficiency of bilateral front paw coordination while 
standing. Dunng the beginning of a ten day testing period, rats exposed to the RFT'.  chamber had a lower intake of food and 
detreased body weight than rats housed in a standard home cage. With continued practice, the experimental group increaseci their 
food intake and body weight. Dunng this ume, the rats learned to control the revolving pellets by stabilizing them with their front 
paws and chewing on them. This apparatus r.s suitable for lçv-çsing a form of sensorimotor learning, involving the effic-iency of 
front paw reaching, graspuig, and holding movements, together with appropriate postural adjustments and biting movements. 
This test was sensitive ro braui lesionusg, as rats with bilateral lesions of the ctrebellar fastigial nucleus were impaired. © 1997 
Elsevier Science B.V. 

Keyworcts: Cerebellum; Feeding; Motor control; Posrure; Sensonmotor learning 

1. Introduction 

Animal feeding behavior may include the measure-
ments of ingestion patterns, metabolic prormççes, and 
difTerent faces of instrumental learnmg (Ahliker and 
Mayer, 1956; Fallon, 1965; Strohmayer et al.. 1980; Gili 
et al., 1989; Klein et al., 1994; Madrid et al.. 1995). 
Sensorimotor performance may be measured by the 
ability of rats to grasp and retneve food pellets through 
a narrow aperture between metal bars (Whishaw et al., 
1986), in a tube (Pisa and Schranz. 1988) or in a slot 
(Castro, 1972) with their front paws or in reaching with 
either the mouth or front paws toward a staircase 
(Montoya et al., 1991). These tests have been used to 
assess sensonmotor functions after damage to the mo-
tor cortex or stnatum. 

• Corresponding author.  

0165-0270/97/517.00 © 1997 Elsevier Science B.V Al! nets reserved. 
Pll SO i 6 5-0270(96)02165-6 

During the course of our investigations of feeding 
behavior after cerebellectomy (Mahler et al., 1993), we 
became interested in developing a sensorimotor task 
requiring the simultaneous use of paw and jaw move-
ments. For this purpose, food pellets were suspended 
from a horizontal metal bar in the home cage of each 
rat. When rats attempted to gnaw a pellet, it -  revolved 
around the axis of the bar in such a way that the 
animals encountered great difficulty in feeding them-
selves within the allowed time lirnit (eig,ht hours). How-
ever, with repeated practice, they were able to learn to 
control the revolving pellet by steadying it with well-co-
ordinated mandibular and front paw movements. 
Thereby, food consumption increased by means of sen-
sonmotor learning. In the first srudy, we present data 
on rwo groups of rats. The first goup ate in a standard 
home cage, requiring minimal effort. The second group 
was exposed to the revolving food pellet (RFP) test, 
which required a higher degree of sensonmotor coordi- 
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Fig. 1. Diagrarn of the revolving food pellet test. 

nation than that required in a standard home cage. The 
arnount of food eaten and the body weight of the 
animais were measured during ten consecutive days. 
The second experiment comprised the use of a group 
with bilateral lesions of the cerebellar fastigial nucleus, 
a brain area known to be involved in equilibrium and 
posture (Dow et al., 1991), in order to assess the 
sensitiviry of ttus test in bram-damaged animais. 

2_ Materials and methods 

2.1. Arrimais 

In the first study, 30 female Wistar rats (lira Credo, 
L'Arbresle, France), approximately 2 mond:1.s of age 
and weighing 180-200 g, were kept in single plastic 
cages covered with wood chips for a 1 week adaptation 
period with fret access to food pellets (Extralabo, M 
25C) and water under a reversed 12 h light-dark cycle 
(lig,hts on at 18:00 h). 

2.2. Apparanu 

Cages measured 37.5 cm in length, 21.5 cm in width 
and 15 cm in height. The cages were covered by stain-
less steel metal bars with a locking devine and a flat-
bottomed depression (3 cm in width) with two 
removable dividers permitung the placement of food 
pellets (Extralabo type M25C) and a water bottle. 

Cages with revolving pellets (Fig. 1) contained a hori-
zontal bar (3 mm in diameter, 16 cm in length, 15 cm 
over the flat bottom of the nover) placed beyond the 
metal bars, into which five food pellets (2 cm in diame-
ter, 2i cm in length, weighing 8 g) were inserted. These 
pellets could only be reached when the snout of the 
animal was extended between the cage bars (distance 
between cage bars: 8.5 mm, height from the bottom of 
the hopper 5 mm). 

2.3. Procedure 

2.3.1. .Experirrzent I 
At the beginning of the second weelc, the rats were 

REVOLVING PELLET 
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Fig. 2. Mean (S.D.) food intake in grams of rats feeding on revolving 
pellets or convenuona1 pellets. 
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Table 1 
Mean (S.D.) body weight of rats feeding on revolving pellets or 
convenuonal pellets 

Day 'Convenuonal pellets Revolving pellets 

189.8 (6.6) 189.8 (2.7) 
188.6 (6.4) 187.5 (2.7) 

3 190.9 (6.3) 183.4 (3.8)* 
4 192.9 (6.3) 180.3 (3.2)* 
5 195.3 (6-6) 177.8 (3.0)* 
6 197.9 (6-2) 179.1 (3.1)* 
7 199.5 (6-2) 181.7 (3.0)' 
8 200.6 (5.8) 184.9 (2.6)* 
9 202.3 (5.1) 187.1 (2.6)* 

10 204 4 (5.1) 190.1 (2.3)* 

Data is given lngrains. 
• P <0.05 (unpaired :-test). 

randomly and equally divided into two groups: a con-
trol group and an experimental group (n = 15). The rats 
were food deprived for 24 h on the first day of the 
expenmentation and then for 16 h for the next 9 days. 
The first group was ven five food pellets placed in a 
standard food dispenser for a period of 8 h (from 8:00 
to 16:00 h) dunng the daric phase of the cycle. The 
second group was exposed to the same situation except 
that the pellets were available on the horizontal steel 
bar. Whenever the rats attempted to bite one of the 
pellets, it revolved around the axis of the bar, greatly 
unpainng their ability to eat. The amount of food 
ingested (g/rat) was measured at 16:00 h by substract-
ing the final weight of the pellets from the initial 
weight. The body weight of the rats was measured daily 
at 20:00 h. For each measure, a 2 x 10 ANOVA (two 
groups, ten days of testing) with repeated mcasures on 
the second factor was used, followed by the unpaired 
t-test. 
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Fig. 3. Mean (S.D.) food intake an grams of rats with bilateral 
fastitnal lesions or with sham lesions feeaing on revolving.  pellets or 
convenuonal pellets. 

Fig. 4. MC= (S.D.) body weight in grams of rats with bilateral 
fasugial lesions or with sham lesions feeding on revolving pellets or 
conventions! pellets. 

2.3_2. Experimenr 2 
A separate group of 40 female rats of the same age 

was used. They were divided into four groups (n = 10): 
(1) rats with bilateral lesions of the fastigial nucleus 
feeding on conventiona1 pellets; (2) rats with bilateral 
fastigial lesions feeding on revolving pellets; (3) sham-
operated rats feeding on conventional pellets; and (4) 
sham-operated rats feeding on revolving pellets. The 
same design was adopted with the addition of the 
lesioned animais. Rats were anesthesized with ketamine 
(150 mg/kg, i.p.) and secured in a stereotaxic apparatus. 
The scalp was shaved and two 1.5 mm holes were made 
with a dental drill in the occipital bone. A stainiess steel 
electrode, 0.15 mm in diameter, insulated throughout 
its length except for 0.5 mm at the tip, passed an &nodal 
direct current at 32 /1A for 6 min and wàs positioned 
according to the following coordinates: 9.8 mm poste-
nor to brepna, 1.1 mm lateral to the midline, and 9 
mm ventral from bregma (Pellegino et al., 1981). 
Sham-operated rats were submitted to the same proce-
dure except that no current was passecL The wounds 
were then aseptised and the animais kept warm until 
awakening. The postoperative interval was 2 weeks. 

After the completion of behavioral testing, the rats 
were overdosed with ketamine, perfused intracardially 
with a 500 ml heparined 0.9% saline solution, a 500 ml 
4% paraformaidehyde solution with a 0.2 M phosphate 
buffer at pH 7.4 and 4°C, and a 10% sucrose solution 
with a 0.2 M phosphate buffer. The brains were then 
removed and placed in a 100 mi 30% sucrose solution 
with a 0.2 M phosphate buffer for 24 h. One in two 
senal frozen sections of 40 ,um were collected, stained 
with a 2% toluidine solution, and observed under s 
light microscope for verification of lesion placements. 

3. Results 

In the first experiment. for food intake, there were 
sienificant effects for the group 'factor (F(1.4) = 1601.3. 
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Fig. 5. Coronal sections of rat brame %val] electrolync rampai nucleus lesions: black areas, miniixiai lesions; dotted areas, maximal lesions. 
Nurnbers illustrate antenor postenor coordmates acxxucting to the stereotaxic coordmates of Pellegrmo et al. (1981). 

P < 0.001), the day factor (F(9, 36) = 28.6, P < 0.001), 
and the group x day interaction (F(9, 36) = 36.3, P < 
0.001). As shown in Fig. 2, the food intake of the 
group chewmg on revolving pellets was infenor to 
that of the group chewing on conventional pellets 
dunng the first 5 days (P < 0.05), but not dunng the 
final 5 days of testing. For body weight. there were 
significant effects for the group factor (F(1, 4) = 92.0. 
P <0.001), the day factor (F(9, 36) = 32.7, F' < 0.001), 
and the grole x day interaction (F(9, 36) = 26.5, P < 
0.001). The body weuzht of the expen.mental group 
was lower than that of the control group on days 

3-10, but not on the first 2 days of testing (Table 1). 
Thus, although the experimental group had recovered 
in terms of food intake by day 6, their body weight 
was still lower than that of the control group until 
the end of testing. 

On the first day of testing, rats in the experimental 
group were observed to have great difficulty in con-
trolling the revolving pellet. Whenever a rat began to 
giaw at a pellet, it often revolved around the hori-
zontal bar. Nevertheless. with repeated practice, by 
day 6, most rats became efficient in steadying the 
pellets with their front paws and nibbling at them. 
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In the second experiment. for both food intake and 
body weight, the triple interaction was significant 
(F(9, 324) = 11.2 and F(9, 324) = 8.77, respectively, .P < 
0.001). The groups attempting to feed on revolving pellets 
had lower food intake (Fig. 3) and lower body weight 
(Fig. 4) than the groups feeding on conventional pellets, 
the effect being stronger at the beginning of training, 
especially for the non-lesioned group. The sham-oper-
ated rats feeding on revolving pellets improved their food 
intake faster than rats with fasugial lesions. Thé group x 
type of pellet interaction was significant for food intake 
(F(1, 36) = 64.58, 	P < 0.001) 	and 	body 	weight 
(F(1, 36) = 8.22, P < 0.01), as fastigial lesions decreased 
both measures only in the revolving pellet condition. 

Lesion placements are depicted in Fig. 5. 

4. Discussion 

The revolving food pellet (RFP) test resembles previ-
ous food retrieval tests (Castro, 1972; Pisa and Schranz, 
1988; Whishaw et al., 1986). In those tests, food pellets 
were retneved by extension of a single front paw. The 
RFP task requires the efficient reaching, gasping, and 
holding of the pellets by both front paws, together with 
coorciinated postural adjustments and biting movements. 
Within a 5 day period, considerable learning occurred on 
the part of normal rats. The performance of rats with 
lesions of the fastigial nucleus also improved. However, 
their food intake was lower and never achieved the values 
attained by sham-operated animais. By contrast, fastigial 
nucleus lesions had no effect on food intake in the 
conventional pellet condition. 

Pisa (1988) compared normal rats to rats with striatal 
lesions on vanous facets of the motor control of feeding 
such as food intake, the number and durauon of bites 
on food pellets piaced on the cage floor, and the 
steaciiness of forelimb grasping of the pellets. As a result 
of its high level of difficulty, the RFP test may be very 
sensitive to lesions in extracerebellar brain areas associ-
ated with sensorirnotor integrauon such as the su-iatum. 
An ethical concern is that a lesioned group may be 
impair-cd to such an extent as to preclude extended 
tesung. In the present study, although the lesioned group 
had much less food intake than controls at the beginning 
of testin g, some recovery occurred with repeated sessions. 
This pattern may not hold for important lesions else-
where in the brun. 

Some motor coordination tests require whole body 
postural adjustments, such as the balance beam (Pisa, 
1988; Henry et al., 1995), the coat-hanger (Lalonde et al., 
1992), the tilted platform (Lalonde, 1994), and the 
rotorod (Auvray et al., 1989). The symmetry of postural 
adjustements while a rat is supended by the tail may also 
be mea.sured (Borlongan et al., 1995). Condiuoned refi-
exes may be analyzed in the nicutating membrane 

(McCormick and Thompson, 1984: Steinmetz et al.. 
1992; Yeo et al., 1985) and jaw-response (Sheafor and 
Gormezano, 1972; Gibbs, 1992) paradis. In the latter 
test, intraoral drops of water are associated with a tone 
until the conditioned response (jaw movements to the 
tone) is exhibited. Other orofacial tests include tongue 

. 	protrusion (Whishaw and Kolb, 1983; Pisa and Schranz, 
1988) and claw cutting (Whishaw et al., 1983). In the 
former test, food mash is spread on a ruler or spatula 
abutting against the cage of the rats and the length with 
which their tangue could reach the food when extended 
between the grid bars or in a hole is assessed. In the latter 
test, it is observed that rats naturally groom their paws. 
However, in some brain-lesioned animais, this ability is 
impaired, as evaluated by the length of the claws. An 
orofacial sensorimotor battery may be deveioped with 
the use of the RFP, the pellet handling (Pisa, 1988), the 
tangue protrusion (Whishaw and Kolb, 1983), and the 
ciaw cutting (Whishaw et al., 1983) tests. 
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Abstract 

The role of the fastigial nucleus on various learned and nonlearned sensorimotor 

performance was investigated, including postural learning on the rotorod, 

associative learning in signaled active shock avoidance, and the serial 

organization of behavior as evaluated in spontaneous alternation and grooming 

tests. Rats with bilateral lesions of the fastigial nucleus had impairments in 

equilibrium on the fast and on the slow rotorod. On the slow but not on the fast 

rotorod, the lesioned rats improved with repeated trials. By contrast, no impairment 

was observed in signaled shock avoidance. Although the lesioned rats alternated 

at the shortest retention interval, they did not at the two longest, indicative of an 

impairment of spatial memory. Fastigial nucleus lesions did not abolish any 

component of the grooming response. The main effect of the lesions was to 

increase the number of grooming sequences without increasing the number of 

grooming bouts per sequence. These results indicate that the fastigial nucleus 

modulates sensorimotor tasks requiring equilibrium, spatial memory, and the 

sequential organization of behavior. 

Keywords: Cerebellum; Equilibrium; Grooming; Spontaneous alternation; 

Sensorimotor learning; Shock avoidance 

SHORT TITLE: FASTIGIAL NUCLEUS AND PERFORMANCE 
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INTRODUCTION 

A large body of evidence supports the existence of at least two functionally and 

anatomically distinct memory systems [e.g. 57]. Declarative or explicit memory 

refers to the capacity to store, recall or recognize information in a conscious 

manner, while procedural or implicit memory corresponds to the ability to acquire 

gradually a skill through practice [58]. These implicit acquisitions can be achieved 

by means of motor-, perceptual- or cognitive-skill learning, as well as habit 

learning, but their neuroanatomical basis is not well understood [see 51 for a 

review]. ln humans, a variety of procedural skills depend on the integrity of the 

cortico-striatal pathway [e.g. 31,32,50,], but a growing number of studies suggest 

an important role for the cerebellum in skill learning, either in normal subjects 

[22,23,29,35,55,56] or in clinical populations [45,52]. 

Procedural learning can be subdivided into many subtypes, including tasks 

requiring equilibrium and stimulus-response associations. More or less 

pronounced deficits of postural sensorimotor learning have been reported in mice 

with spontaneous lesions of the cerebellum [18,38,40,41,42], in transgenic mice 

[25], in cerebellectomized rats or mice [4,17,18], in adult rats with midline or lateral 

cerebellar lesions [36,44], and in rats with a selective depletion of noradrenaline 

[10]. However, because cerebellar lesions often cause ataxia, it is difficult to 

distinguish between learning deficits and motor response deficits. Gerlai et al. [25] 

showed that in cerebellar homozygous En-2 transgenic mice there is impaired 

acquisition of postural sensorimotor learning on the rotorod test. Nevertheless, the 

terminal performance of these mice was similar to that of heterozygous mice, 

indicating that the learning deficit was not simply due to motor inability. Preserved 

terminal performance has not been observed in mice with natural mutations 

[18,38,40,41,42]. However, in spite of massive degeneration of the cerebellar 

cortex, lurcher mutant mice were able to improve with repeated trials in various 
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tasks requiring equilibrium [18,38,40,41,42]. lmprovements of motor coordination 

on, the rotorod have also been discerned in cerebellectomized animais [4,17,18]. 

These results indicate that some forms of sensorimotor learning can occur in a 

dysfunctional or even an absent cerebellum. ln the present study, we sought to 

determine whether lesions of the fastigial nucleus impair or abolish acquisition of 

sensorimotor leaming on the rotorod. 

Another type of procedural learning task with demonstrated implication of the 

cerebellum is stimulus-response associative learning, as in eyeblink conditioning 

and shock avoidance learning. It is known that the intermediate cerebellar cortex 

and interpositus nucleus has an important role in eyeblink conditioning 

[11,12,26,61,62]. However, an important point of contention [e.g. 11,60] is whether 

the interpositus nucleus is involved in the associative process itself [26,61] or 

whether it is involved in motor performance factors [12,62]. The acquisition of an 

active shock avoidance task was impaired but not abolished after cerebellectomy 

[19]. Selective lesions of the fastigial nucleus impaired two-way active avoidance 

learning [54]. ln another task, signaled active avoidance [59], the rat must press a 

bar in response to a conditioned stimus (CS). Lesions of the interpositus nucleus 

prevented acquisition of the barpress response under aversive but not under 

appetitive conditions. ln the present experiment, we adapted the signaled 

avoidance task by requiring the rats to shuttle from one chamber to another in 

response to an auditory CS. Since fastigial nucleus lesions have been shown to 

affect shuttle avoidance, we hypothesized that such lesions would impair signaled 

active avoidance. 

A recent field of investigation concerns the role of the cerebellum in cognitive 

processes [2,14,15,24,39,53]. It has been shown that the cerebellum is involved in 

human information processing and spatial abilities [14], paired associate learning 

[15], discrimination learning [24], and selective attention [2]. The role of the 
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cerebellum in human cognition is task-selective and may depend on the extent of 

concomitant brainstem damage [20]. The role of the cerebellum on visuospatial 

functions [14] is supported by animal experimentation, as deficits of water maze 

testing have been reported in Purkinje cell degeneration mutant mice [27] and in 

rats with lesions of the dentate nucleus and overlying cortex or the fastigial 

nucleus [36]. ln the present report, we investigated the effects of fastigial nucleus 

lesions on spontaneous alternation, a spatially mediated behavior not requiring 

food deprivation or shock avoidance and known to be impaired in cerebellar 

mutant mice [39] and in hemicerebellectomized rats [47]. Rats are exposed on the 

first trial to a single arm of a T-maze. On the second trial, both arms are available, 

permit-ting either the choice of the altemate arm or perseveration. Three retention 

intervals were used in order to assess the memory component of the task. 

ln addition to the spatial aspect of spontaneous alternation, there is a sequential 

aspect. The cerebellum has been implicated in the control of behavioral 

sequences in humans [34]. ln the fourth test, we assessed sequential behavior 

during grooming in normal and lesioned rats with wet or dry fur. Grooming is a 

species-selective behavior requiring sequences of motor chains. ln rats, some of 

the motor patterns are stereotyped, such as the predominant expression of the 

cephalocaudal sequence in adults [49]. Grooming components can be analyzed in 

the form of syntactic chains, in which the probability that certain sequences of 

movements follow each other are greatly above chance [3]. Damage to the 

neostriatum or neostriatal dopamine depletion disrupted the integrity of these 

syntactic grooming chains [8,9,13]. The implication of the neostriatum in the 

organization of motor sequences has been extended to patients with basal ganglia 

disorders, such as Huntington's disease and Parkinson's disease [1,5,30]. ln 

addition, some forms of motor sequences can be disrupted in patients with 

cerebellar lesions [21,33,45]. Perseverative bar-pressing responses have been 
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observed in rats with midline cerebellar lesions [37]. Electrical stimulation of the 

vermis or of the fastigial nucleus but not of the lateral cerebellum elicits grooming 

[6,48], implicating the midline cerebellum in the modulation of the sequential 

organization of grooming responses. Although cerebellar cortical damage affected 

syntactic grooming chains, the altered measures were different from those of rats 

with neostriatal damage [8]. By contrast, Berntson and Schumacher [7] reported 

an absence of effect on the number of grooming sequences in rats with midline 

cerebellar lesions. ln the present study, we measured the number of grooming 

sequences together with specific grooming components, in order to evaluate in 

more detail the role of the fastigial nucleus on this behavior. 

2. Material and methods 

2.1 Animais 

Fifteen three-month-old Wistar rats, born and bred at the University of Nancy l, 

were individually housed in a reversed 12 h light-dark cycle (on at 20:00, room 

temperature: 22°C, food and water available at all times) and were randomly 

divided into two groups: bilateral lesions of the fastigial nucleus (n=5) and sham-

operated controls (n= 10). Lesion placements of these rats were histologically 

verified as presented in our previous study [36]. 

2.2 Apparatus and procedure 

Four behavioral tests were conducted during 29 days of behavioral testing: rotorod 

(days 1-10), grooming (days 11-14), spontaneous alternation (days 15-21), and 

shock avoidance (days 22-29). Three weeks intervened between the operation 

and the start of behavioral testing. There was no intergroup difference in grip 

strength at this lime [36]. 

2.2.1 Rotorod 

The rotating rod was constructed at the University of Nancy l, consisting of a 

wooden horizontal mast (diameter: 20 cm; length: 100 cm; height of floor covered 
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with cushions: 125 cm), driven by a DC motor whose rotation speed could be 

controlled with a speed motor driver and variable size pulleys. Cardboard was 

inserted to prevent jumping from the sides. There were 2 trials/day for 10 days. 

The rats were first evaluated at 30 rpm for five days and then at 10 rpm for the 

final five days. 

2.2.2 Grooming 

On days 11 and 13, the rats were individually placed in an observation chamber 

with transparent plexiglass (40 cm X 22 cm, height of walls= 14 cm) for 5 min. The 

experimenter observed the frequencies of occurrence of different grooming 

(facefforelimb, back, hindlimb or abdomen licking, body shaking) and non-

grooming (walking, rearing) components. The latency before the onset of the first 

grooming behavior, the average length of each grooming sequence, and the 

number of grooming sequences were also compiled. On days 12 and 14, the same 

procedure was applied except that the whole body of each rat was gently dipped 

into a water (280C) tank and rapidly retrieved. Observations began immedi4tely 

afterwards. 

2.2.3 Spontaneous alternation 

A T-maze, made of painted wood (stem= 41 cm X 9 cm, arms=31 cm X 9 cm, 

height of walls= 16 cm), was used for a two-trial spontaneous alternation test. On 

the first trial, only one of the arms was open, the other arm being blocked by a 

barrier. On the second trial, the barrier being removed, the rat could either choose 

the same arm or aJternate. The arm chosen to be blocked was changed from one 

day to the next: i.e. the left side on day 1, the right side on day 2, then the left 

again on day 3, etc. There was no intertrial interval (except for the brief lime 

necessary to wash the maze after every trial) on days 1, 4, and 7, an interval of 3 

min on days 2 and 5, and an intertrial interval of 10 min on days 3 and 6. The rats 
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spent the intertrial intervals of 3 and 10 min in a holding cage. The T-maze was 

always placed in the same area of the experimental room. 

2.2.4 Signaled active shock avoidance 

The signaled active avoidance task was conducted in a shuttle box containing two 

identical compartments. The compartments were separated by an incomplete 

partition wall (27 cm X 9 cm for each chamber, height of walls: 17 cm, mid-wall 

from the top: 11 cm). Both chambers contained a speaker placed in the same 

corner and a grid floor connected with a current generator. The conditioned 

stimulus (CS: a 85 dB buzzer lasting 8 s) was generated in the chamber where 

the rat was located after a pseudorandomly varied intertrial interval, ranging 

between 20 and 35 s, followed by a shock of 1.5 mA lasting 5 s. The first day 

served as a pre-experimental session, where animais were individually put in the 

apparatus and allowed to explore freely the two chambers for 10 min. During this 

period, the number of visits from one chamber to another was counted in order to 

ensure that all the subjects had the same basic level of exploration capacities. The 

pretone period was introduced to avoid irrelevant timing strategies. An avoidance 

response was recorded whenever the rat ran from one chamber to the next during 

presentation of the CS. An escape response was recorded whenever the rat ran to 

the next chamber during presentation of the shock. The duration of any trial varied 

between 28 and 48 s: the intertrial interval of 20-35 s, the 8 s CS, and the 5 s 

shock presentation. 

2.3 Statistical analyses 

Results were analyzed by means of analysis of variance (ANOVA) with repeated 

measures and unpaired t-tests. For heterogeneous variances, a logarithmic 

transformation was performed in order to homogenize intercell variances. For the 

repeated measures, a P value transformation (the Greenhouse-Geisser correction) 

was done. 
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3. Results 

3.1 Rotorod 

Latencies before falling were measured during the first five days at 30 rpm (Fig. 

1A) and during five additional days at 10 rpm (Fig. 1B). There was a significant 

interaction (F1,4=3.89, P<0.05) at 30 rpm, as the intergroup difference in 

performance increased with repeated days of testing. While the performance of the 

control group improved across days (F9,36=57.65, P<0.01), the performance of the 

group with fastigial lesions did not (F4,16=0.55, P>0.05). There was also a 

significant interaction (F1,4=41.1, P<0.001) at 10 rpm, but for the reverse reason 

than at 30 rpm, as the intergroup difference in performance decreased with 

repeated days of testing. While the performance of the fastigial group improved 

across days (F4,16=45.40, P<0.01), the performance of the control group did not 

(F9,36=4.14, P>0.05)., because of an obvious ceiling effect (Fig. 1B). 

3.2 Grooming 

As shown in Tables I and 11, the mean number of grooming sequences was higher 

in rats with fastigial nucleus lesions than in sham-operated rats under wet 

(t13=9.04, P<0.01) and dry (t13=7.74, P<0.01) conditions. There was no intergroup 

difference in the frequencies of occurrence of back, hindlimb, and abdomen 

licking in either condition. The only intergroup difference was a higher number of 

face/forelimb grooming occurrences by the lesioned group in the dry condition (t13 = 

7.10, P<0.05). ln addition, the latencies before onset of the first grooming 

component were shorter in the lesioned group than in the control group, but only in 

the wet condition (t 13=6.13, P<0.05). 

3.3 Spontaneous altemation 

The control group alternated above chance at all three retention intervals (0 min: 

24/30 or 80%: X 2=8.5, P<0.01; 3 min:24/30 or 80%: X2=8.5, P<0.01; 10 min: 
22/30 or 73.3%, X 2=6.5, P<0.05). By contrast, the lesioned group alternated 
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above chance at the 0 min interval (12/15 or 80%: X2=5.4, P<0.05), but not at the 

3 (10/15 or 66.7%: X 2=1.6, P>0.05) and 10 min (8/15 or 53.3%: X2=0.6, P>0.05) 

intervals. 

3.4 Signaled active avoidance 

The two groups did not differ on the pretest motor activity measure (P>0.05). 

There was a significant day effect (F1,3=8.71, P<0.01), but no significant group 

effect (F1,6=0.37, P>0.05) or interaction (F1,3=0.89, P>0.05) for the number of 

avoidance responses. As shown in Fig. 2, the performance of both groups 

improved with repeated trials (control group: F9,36=7.42 P<0.01; lesioned group: 

F4.20 =4 . 53 , P<0.05). 

DISCUSSION 

The effects of bilateral fastigial nucleus lesions on four types of behavior were 

examined. Rotorod sensorimotor learning and signaled shock avoidance may be 

considered to be forms of procedural learning [44,51,58]. On the rotorod, the rats 

must synchronize their movements in step to the movement of the revolving mast, 

implying the regulation of well-coordinated sequences of movements. Signaled 

shock avoidance is an associative learning task [59], in which the animal must 

associate a neutral stimulus to the aversive stimulus. Grooming and spontaneous 

alternation are unlearned behaviors, implicating the correct ordering of motor 

sequences. 

Equilibrium 

Rats with lesions of the fastigial nucleus were impaired on both versions of the 

rotorod. On the fast rotorod (30 rpm), while sham-operated controls augmented 

their latencies before falling with repeated days of testing, rats with fastigial lesions 

did not. On the slow rotorod (10 rpm), the reverse pattern was obtained. While 

control rats were performing at maximal or near maximal values throughout the 

test, lesioned rats improved across days. These results show that fastigial nucleus 
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lesions impair motor coordination on the rotorod but do not prevent sensorimotor 

learning. ln a previous study, we found that fastigial nucleus lesions caused 

deficits of equilibrium on two immobile apparatus, namely the bridge and the grid 

[36]. Shorter latencies before falling on the rotorod have also been observed in 

mice or rats with cerebellar lesions [4,17,18,25,38,40-42]. The results of the 

present study indicate that the presence of learning in a cerebellar-lesioned animal 

depends on task difficulty, as manipulated by the speed of the rotating rod. Rats 

with fastigial nucleus lesions were able to leam on the slow rotorod but not on the 

fast rotorod. Even on the slow rotorod, their terminal performance did not equal 

that of controls. 

Such a result differs from that found in a transgenic mutant with cerebellar 

abnormalities, En-2 [25]. The homozygous En-2 mutants had impaired acquisition 

of rotorod learning but their terminal performance equalled that of heterozygous 

En-2 mice (but was inferior to that of wild-type mice). This result indicates that their 

impairment early in training, at least relative to the heterozygous group, was not 

due to an inability to execute the task but to an impairment of sensorimotor 

learning. ln the present study, even on the slow rotorod, an inability to execute the 

motor demands of the task was probably responsible for the lesion-induced 

impairment early in training. Similar results have been found in other cerebellar 

mutants [17,18,40-42]. Such studies illustrate the difficulty in dissociating motor 

deficits from an impairment of sensorimotor learning. 

One approach to this problem is to manipulate task demands in such a manner as 

to render the ataxic group more comparable to that of the control group. This was 

attempted by comparing the performance of lurcher mutant mice on a large 

diameter slow rotorod to that of control mice on a small diameter fast rotorod, 

enabling equal initial performances [40]. Although both groups improved with 

practice, the terminal performance of wild-type mice was superior to that of the 
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mutants. This study indicates that sensorimotor learning can occur despite 

massive degeneration of the cerebellar cortex. However, it was impossible to 

dissociate between motor performance factors and sensorimotor learning in this 

mutant on that particular task, also true in other mutants with severe ataxia on 

various mobile and immobile apparatus [18,40-42]. 

Signaled active avoidance 

By contrast to their poor performance on the rotorod, rats with fastigial nucleus 

lesions were unimpaired on the signaled active avoidance task. These results also 

stand in contrast to the impairment of a signaled active avoidance task requiring a 

barpress response in rats with lesions of the interpositus nucleus [59]. It would be 

of interest to repeat our experiment with interpositus nucleus lesions in order to 

verify the specific involvement of this nucleus in this timed behavior. 

Signaled active avoidance differs from one-way active avoidance, in which the rats 

are always placed in the same compartment and must run to the adjacent 

compartment during presentation of the CS. ln signaled active avoidance, the rats 

may freely move from one compartment to the next but must run to the adjacent 

compartment during presentation of the CS. The latter task differs as well from 

two-way avoidance, in which the rats are placed in either compartment and must 

run to the adjacent one during presentation of the CS. ln shuttle avoidance and 

signaled avoidance, a potential emotional conflict may develop because the rats 

must return to a previously shocked area, which is not the case for one-way 

avoidance. 

Dahhaoui et al [19] showed an impairment in the acquisition of active avoidance 

learning in cerebellectomized rats. Although not specified in the article, 

subsequent communication with the authors revealed that this task comprised 

shunte avoidance. Cerebellectomy [28] and granule cell hypoplasia caused by X-

irradiation during development [43] caused deficient retention of a passive 
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avoidance response in rats [28]. Moreover, bilateral lesions of the fastigial nucleus 

impaired shuttle active avoidance leaming [54]. Aside from the difference between 

signaled avoidance and shuttle avoidance as described above, the two studies 

differed in terms of the shock levels used to motivate the animais, ours being 

higher (1.5 mA as opposed to 0.5 mA). That shock level may interact with the 

presence or absence of a deficit in cerebellar-lesioned animais is indicated by the 

findings of Buchtel [16]. Rats with aspiration lesions of the medial cerebellar cortex 

acquired a horizontal-vertical stripe discrimination under one of two shock levels. It 

was found that the number of trials to criterion was higher in ablated rats than in 

controls under high shock levels (0.8 mA) but not under low shock levels (0.2 mA). 

A subject of concern in these studies is footshock sensitivity. Peters et al [46] 

demonstrated that rats with either vermal or hemisphere lesions did not differ from 

controls in emotional reactivity to footshocks above 0.2 mA. However, the vermal 

group had a lower reactivity to shock levels below 0.2 mA. It remains to be 

determined whether the same pattern holds for cerebellar nuclei lesions. Based on 

our negative results, it seems unlikely that rats with fastigial lesions have reduced 

sensitivity at 1.5 mA, but the same cannot be said at 0.5 mA. 

Spontaneous alternation 

Normal rats and mice investigate unexplored regions of various maze 

configurations. Because of its simplicity, spontaneous alternation has often been 

used to measure exploratory tendencies. When the animais are forced to enter 

one maze arm, there is a high likelihood that they will explore the novel arm on the 

subsequent trial. Cerebellar mutant mice are more likely to perseverate arm 

choices than control mice [39]. This type of impairment has also been observed 

atter lesions of limbic, striatal, and frontal lobe regions [39]. Because a whole body 

turn in a T-maze does not constitute fine motor control, this abnormality has been 

ascribed to a deficit of spatial memory or of behavioral inhibition [39]. ln our 
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previous study, we found an absence of a deficit in spontaneous alternation after 

midline or lateral cerebellar lesions [36]. Nevertheless, a more specific lesion of 

the fastigial nucleus caused a retention-interval dependent deficit, suggestive of an 

impairment of spatial memory, possibly as a result of fastigio-limbic abnormalities. 

It has been possible to demonstrate that the cerebellum contributes to spatial 

learning in a manner quite apart from motor control [27,36,47]. The present results 

agree with the hypothesis that the fastigial nucleus is involved in a cerebello-limbic 

circuit responsible for retention of spatial information. However, further studies are 

needed in order to determine to what extent the fastigal involvement differs from 

the hippocampal involvement. 

Grooming 

Electrical stimulation of the vermis or of the fastigial nucleus elicits well-organized 

sequences of grooming and not motor automatisms [6,48]. However, midline 

cerebellar ablations did not reduce the number of grooming episodes, indicating 

that although the midline region modulates grooming it cannot be considered a 

criticial organization site [7]. Berridge and Whishaw [9] lesioned the cerebellar 

cortex and found a disruption of chain completion but no disruption of the serial 

order of the syntactic chains of grooming components, as was the case with 

striatal lesions. ln our study, rats with fastigial nucleus lesions were able to 

execute every grooming component. There was no drop in the total grooming 

score. Only one component was affected in terms of frequencies of appearance: 

the number of facetforelimb licking responses was higher in the lesioned rats 

under the dry condition. This result suggests that the lesioned rats were less 

successful in completing this response, possibly as a result of a deficit in 

equilibrium. Under both conditions, the number of grooming sequences was higher 

in lesioned rats than in controls. By contrast, there was no intergroup difference in 

terms of grooming elements per sequence. Moreover, latencies before onset of the 
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first grooming component were lower in the lesioned group. These results are 

unlikely to be due to motor deficits. Instead, the data point toward some 

involvement of the fastigial nucleus in the onset of grooming. 

Conclusion 

Fastigial modulation of various types of behavior was observed, namely in 

procedural leaming as assessed by the rotorod and in the sequential organization 

of movements, as displayed during spontaneous alternation and grooming tests. 

Further studies are needed in order to delineate the experimental parameters 

limiting postural leaming in lesioned animais. Moreover, it is of interest to compare 

within the same study lesions of the fastigial nucleus with lesions of the fastigial 

efferent system in order to specify the unique contribution of this brain region in 

spatial orientation and in various sequential behaviors. 
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FIGURE LEGENDS 

Fig. 1 Mean (SE) latencies before falling from the rotorod at 30 rpm (A) and at 10 

rpm (B) by rats with bilateral lesions of the fastigial nucleus and by sham-operated 

rats. 

Fig. 2 Mean (SE) number of avoidance responses during signaled shock 

avoidance learning by rats with bilateral lesions of the fastigial nucleus and by 

sham-operated rats. 
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Table l Mean (SE) frequencies of grooming and paragrooming behaviors of rats 

with bilateral fastigial nucleus lesions and sham-operated rats under the wet 

condition 

Behaviors Fastigial Sham 

Grooming 

Face/forelimbs 15.2 (1.0) 15.3 (2.9) 
Back 9.6 (0.5) 10.1 (1.4) 
Hindlimbs 6.4 (1.2) 5.7 (1.1) 
Abdomen 1.8 (1.3) 2.7 (2.5) 
Shaking 8.8 (0.9) 6.4 (1.2) 
Latency/grooming (s) 54.2 (5.4) 97.0 (13.0) 
Grooming length 7.5 (0.6) 11.3 (1.5) 
Number of sequences 5.8 (0.3)** 3.6 (0.5) 
Walking 64.4 (7.4) 51.4 (8.2) 
Rearing 44.6 (5.9) 48.3 (2.9) 
Digging 2.4 (0.9) 3.6 (3.4) 

"*P<0.01 
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TABLE II Mean (SE) frequencies of grooming and paragrooming behaviors of rats 

with bilateral fastigial nucleus lesions and sham-operated rats under the dry 

condition 

Behaviors Fastigial Sham 

Grooming 

Face/forelimbs 4.2 (0.4)* 2.2 (0.3) 
E3ack 0 (0) 0 (0) 
Hindlimbs 0.2 (0.4) 0.2 (0.4) 
Abdomen 0 (0) 0.4 (0.1) 
Shaking 1.8 (0.8) 0.7 (0.6) 
Latency/grooming (s) 138.7 (21.9) 154.9 (31.8) 
Grooming length 1.1 (0.03) 1.0 (0.4) 
Number of sequences 4.2 (1.5)** 2.2 (0.4) 
Walking 42.6 (2.1) 44.6 (1.3) 
Rearing 38.6 (2.3) 41.6 (0.4) 
Digging 2.4 (0.3) 4.6 (1.0) 

*P<0.05 

**p<0.01 
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Abstract 

The role of the lateral cerebellar nucleus on complex motor learning was 

investigated, as assess by the grid test, the coat-hanger task and the rotorod. 

Rats with bilateral electrolytic lesions of the lateral nuclei had complex 

sensorimotor abilities that did not significantly differ from that of controls on any 

measure of the three motor tasks. ln contrast, the same rats were impaired on 

the morris water maze, both in term of the distance travelled and the latencies to 

find a hidden platform. The shifting condition also lead to similar impairements. 

However, both lateral nucleus lesioned and sham-operated rats reach the same 

level of performance at the end of both conditions. Both groups demonstrated 

similar capabilities in the recall and cued conditions, as vvell as on a probe trial. 

These results suggest that lesions of the lateral cerebellar nuclei lead to spatial 

orientation impairments, although not as severe as those involved in frontal or 

parietal association cortex or hippocampal formation damages. The lateral 

nucleus do not seems to be necessary for the complex motor learning of several 

tasks. 

Keywords: Cerebellum; lateral nucleus; motor learning; spatial orientation; rats 
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1. Introduction 

The integrity of the cerebellum has been shown to be important in simple forms 

of learning such as eyeblink reflex classical conditionning (cEBR) (e.g. Clark et 

al., 1984; Thompson, 1986; Steinmetz, 1990), adaptation of the vestibulo-ocular 

reflex (VOR) (e.g. Ito, 1982; du Lac et al., 1995), and adaptation of muscle 

strength after modification in weight pulling parameters (Gilbert & Thach, 1977). 

However, different interpretations have been suggested in attempts to explain 

these results. Besides the important disagreement concerning whether the 

cerebellum is involved in the associative process itself and is the locus of the 

memory trace (e.g. Thompson & Krupa, 1994), or whether it is only involved in 

motor performance factors (Welsh & Harvey, 1992; Bloedel & Bracha, 1995), 

these studies are interpreted as an indication of a cerebellar role in sensorimotor 

learning in confirmation of Marr's (1969) model (e.g. Ghez, 1991). Indeed, both 

cEBR and VOR are motor behaviors interpretable within Marr's (1969) model. 

Moreover, sensorimotor learning can be subdivided into motor skill acquisition 

and motor adaptation (Sanes et al.,1990; Hallett et al., 1996). Skill acquisition 

involves the emergence of a new motor ability, whereas motor adaptation 

involves the exchange of one behavior for another in response to an alteration of 

sensory inputs or task demand. Marr's model predictes that cerebellar damage 

induces deficits in the learning of new skills, but this has not been tested by 

cEBR conditioning or VOR adaptation studies. 

ln humans, cEBR (Solomon et al., 1989; Topka et al., 1993), VOR adaptation 

(Weiner et al., 1983; Thach et al., 1992), and adaptation of rapid arm movements 

to changes in required gain (Deuschl et al., 1996) are impaired following 

cerebellar damage, in agreement with animal reports. However, cerebellar 

patients showed motor adaptation but not motor learning deficits in the mirror-

reversed vision task (Sanes et al., 1990) and substantial performance 
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improvement on a two-dimensional tracing task in spite of motor coordination 

deficits (Timmann et al., 1996). PET studies indicate either a decreased (Friston 

et al., 1992) or an increased (Seitz et al., 1990) regional cerebellar blood flow 

(rCBF) following a learned finger-to-thumb opposition sequence; no effect 

(Grafton et al., 1995) or else an increase (Doyon et al., 1996) of rCBF after 

learning a serial reaction time (SRT) task, or an increase both at the beginning 

and the end of the SRT task (Jankins et al., 1994); and an absence of an 

increase of rCBF while learning the pursuit rotor task (Grafton et al., 1992). 

These results are difficult to interpret since different procedural learning tasks 

were used, involving at times a new motor skill or else a sequence. 

ln animais, few studies were have demonstrated that cerebellar damage prevent 

or impaired motor skill acquisition (see Harvey & Welsh, 1996 for a review). 

Mice with spontaneous lesions of the cerebellum (Caston et al, 1995b) , 

genetically manipulated mice (Lalonde, 1994; Lalonde et al., 1995; Gerlai et al., 

1996, Lalonde et al., 1996a, 1996b), cerebellectomized rats or mice (Auvray et 

al, 1989, Caston et al., 1995a,b) and adult rats with midline or lateral cerebellar 

lesions (Joyal et al., 1996) are able to improve their performance on different 

postural sensorimotor tasks. However, these animais rarely achieved at the end 

of the training the same level of performance as the controls. The distinction 

between a motor learning deficit and a motor coordination deficit cannot be 

achieve when asymptotic performance of the groups is not comparable (Lalonde 

& Botez, 1990). Gerlai et al. (1996) reported an acquisition of postural 

sensorimotor learning in En-2 transgenic mice there is impaired on the rotorod 

test. Their terminal performance was similar to that of heterozygous mice but not 

to wild-type controls. Recent studies using knock-out mice reported motor 

coordination deficits but were not selective sensorimotor learning deficits, 

because the severity of their impairment of motor control precluded a 
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dissociation between these functions (Aiba et al., 1994; Conquet et al., 1994; 

Kashiwabuchi et al., 1995; Chen et al., 1995). A notable exception is the study 

by Shibuki et al. (1996), who reported a clear dissociation between an impaired 

conditioned EBR on one hand, and intact performance for comparable rotorod, 

rope climbing, and runway tasks on the other. ln view of these divergent results, 

we studied sensorimotor learning in rats with damage limited to the dentate 

nuclei. 

A new field of interest concerns the role of the cerebellum in cognitive processes 

(Botez et al., 1989; Bracke-Tolkmitt et al., 1989; Lalonde & Botez, 1990; 

Schmahmann, 1991, 1996; Akshoomoff & Courchesne, 1992; Gao et al., 1996). 

Clinical studies indicated impaired neuropsychological functions in patients with 

cerebellar circuit damage (Fehrenback et al., 1984; Botez et al., 1985,1989; 

Bracke-Tolmitt et al., 1989; Wallesh & Horn, 1990; El-Awar et al., 1991; Hirono et 

al., 1991; Akshoomoff et al., 1992). ln particular, visuospatial deficits have been 

found in patients with Friedreich's ataxia and olivopontocerebellar atrophy 

(Fehrenbach et al., 1984; El-Awar et al., 1991; Botez-Marquard et al., 1993, 

1996) and in epileptica patients with neuropathology of the cerebellum and 

ataxia (Botez et al., 1985) or without ataxia (Botez et al., 1989). Some mental 

functions are spared in patients with selective damage to the cerebellum (Daum 

et al., 1993). Differences between the severity of neuropathology at various 

levels of the brain including the cerebellum and various neuropsychological 

functions were reported, an indication of the role of the cerebellum and the 

ascending cerebellar efferent system in these dysfunctions (Botez-Marquard et 

al., 1996). ln animais, spontaneous mutant mice (e.g. Lalonde & Botez, 1990; 

Goodlett et al., 1992) hemicerebellectomized rats (Petrosini et al., 1996), and 

rats with lesions of the lateral cerebellum or fastigial nuclei (Joyal et al., 1996) 

have been reported to show deficits of visuomotor control or spatial orientation in 
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water mazes. ln order to investigate further the role of different parts of the 

cerebellum on water maze testing, we determined the effect of lesions of the 

dentate nuclei on spatial orientation and visuomotor control on the Morris water 

maze. 

2. Material and methods 

2.1 Animais 

Useful data were obtained from 15 three-month old Wistar rats (Charles-River, 

St-Constant, Qc), individually housed in a reversed 12h light-dark cycle (on at 

8:00 pm, 22°C, food and water available at all times) and randomly divided into 

two groups: bilateral lesions of the dentate nucleus (n=5) and sham-operated 

controls (n=10). 

2.1.2 Surgical procedures 

The animais (male Wistar, 300-350g) were anesthesized with ketamine (Ketaset, 

Wyeth-Ayerst, Montreal, 40 mg/kg i.p. and 10% of acepromazine maleate, 

Atravet, Wyeth-Ayerst, Montreal; 100 mg/kg i.p.). The surgeries were made with 

a microscope (Wild, Model MS-C) under semi-aseptic conditions. The head was 

shaved with a depilatory cream, after placement in the stereotaxic apparatus 

(David Kopf instruments, Model 900) and the skin of the skull was incised after 

injections of lidocaine hydrochloride 2% (MTC pharmaceuticals, 0.5 cc 

subcutaneouslly). The interaural line (or instrumental zero, i.e. the center point 

of the ear bars) served for the positioning of the micro-electrodes since it is a 

more stable reference point than Bregma for the localization of posterior 

structures (Paxinos et al., 1985). Moreover, to avoid the transverse sinus and 

bleeding, the electrode manipulator was inclined at 200  toward the back of the 

head in such a way as to pointing toward the cerebellum. The coordinates were 

obtained by an angle calibrator (David Kopf instruments, Model 935). According 

to the atlas of Paxinos (1982), the flat-skull lateral nucleus coordinates for an 
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adult Wistar rat are: A-P :-2.0 mm; V:-F 3.8 mm; L:± 3.6 mm. With an antero-

posterior angle of 200, the electrode was moved 1.2 mm toward the interaural 

line. Bilateral small holes were drilled on each sides (3.6 mm from the horizontal 

Bregma-Lambda line) and the dura cut with a micro-scalpel. Electrolytic lesions 

were made (by a DC constant current lesion maker, Grass instrument, Model DC 

LM5A) with a 2mA DC lasting 15 s through a tungsten micro-electrode (insulated 

with epoxylite except for the tip, which had a diameter of 10 lm). Cauterisation 

was made by a veterinary electrosurgical unit (Vetroson/Macan #MV-8). A piece 

of absorbable emostat (Surgicel, Johnson & Johnson, USA) soaked in 0.9% 

saline was then placed in the holes, an antibiotic ointment (Polysporin, 

Burroughs Wellcome, Kirkland Qc) was applied on the wound, and the skin 

sutured. A non oleaginous dressing for treatment of wounds was applied on the 

sutures (Scarletol, Haver-Lockart, Calgary, CAN). After the operation, the rat 

was put in an incubator until full recovery. One dose of ampicilin (Penbritine; 

0.5cc i.m.) was administered after the surgery and the day after, along with 0.01 

mg/kg of buprenorphine (analgesic, i.m.). Lactated Ringer's and 5% Dextrose 

(Baxter, 3-5cc subcutaneouslly twice a day) was given for the next three days. 

Sham-operated controls received the same treatment except that no current 

passed through the electrodes. No behavioral testing was given during the 2 

months following the surgeries. 

2.1.3 Histological controls 

After completion of the tests, all rats were overdosed with ketamine (i.p.) and 

ether (inhalation) and perfused intracardially with formalin-glutaraldehyde (4%, 

120 ml at body temperature) after being prewashed (60 ml). The brains were 

then removed and placed in 10% formalin followed by 20% and 30% sucrose, 

during 24 hr for each step. Frozen coronal sections, 32 gni in thickness and 

stained with cresyl violet were examined under the light microscope. 
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2.2 Apparatus and procedure 

2;2.1. Wire-suspension 

The front paws of the rats were placed on a horizontal wire (2 mm in diameter) 

200 cm above the blanket-covered floor. The latency before the rats fell from the 

wire was recorded (maximum time allowed = 60 s) for two trials per day during 3 

days of testing with an intertrial interval of approximately 10 min. 

2.2.2 Grid test 

A 100 X 200 cm wire net was vertically suspended from the top of a door frame 

(150 cm from the floor; 1 square/cm) was used as a second test of motor 

coordination. Each side of the grid was separated into 10-cm squares. The rat 

was placed in the middle part of the screen, facing downward, and the latency 

before the rat turned to face upward, the time spent on the grid (cut-off = 120 s), 

and the number of segments traversed were tabulated. Each rat was evaluated 

for 2 trials. 

2.2.3 Rotorod 

The rotating rod was constructed at the Department of Psychology of University 

of Montreal, consisting of a wooden horizontal mast (diameter: 26 cm; length: 40 

cm; height of floor covered with cushions: 100 cm), driven by a DC motor whose 

rotation speed could be controlled with a speed motor driver and variable size 

pulleys. Cardboard side walls were inserted to prevent jumping from the sides. 

The rats were evaluated of 20 rpm with 4 trials/day for 5 days. 

2.2.4 Water maze spatial leaming 

A circular pool (diameter = 150 cm, height = 40 cm) filled with cool water (18-

200C) was rendered opaque by the addition of 1.5 kg of powdered skim milk to a 

depth of 30 cm, and located in a standard testing room uniformly lighted. 

Extramaze cues, inluding the experimenter, were held in constant spatial 

relations throughout the experiment. An escape glass platform (diameter = 16 
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c m) wit h w hit e s ur gi c al t a p e o n it w a s pl a c e d 3 c m b el o w t h e w at er l e v el ( pl a c e 

l e ar ni n g, i n vi si bl e c o n diti o n) or a b o v e t h e w at er l e v el ( c u e d l e ar ni n g, vi si bl e 

c o n diti o n). T h e r at s w er e pl a c e d i n t h e w at er f a ci n g t h e mi d p oi nt s e cti o n of t h e 

w all at o n e of f o ur e q u all y c ar di n al l o c ati o n s : N ort h ( N), E a st ( E), S o ut h ( S), a n d 

W e st ( W). T h e p o ol w a s s e p ar at e d i nt o 4 q u a dr a nt s: N W, N E, S E a n d S W. T h e 

r at s w er e all o w e d t o s wi m fr e el y u ntil f o u n di n g t h e pl atf or m, o n t o p of w hi c h t h e y 

c o ul d cli m b. If a r at f ail e d t o l o c at e t h e pl atf or m wit hi n 6 0 s, it w a s pl a c e d o n t h e 

pl atf or m, w h er e it r e m ai n e d f or 1 5 s. E a c h a ni m al r e c ei v e d 4 tri al s p er d a y a n d 

at e a c h tri al, t h e st arti n g p o siti o n w a s c h a n g e d ( st arti n g o n t h e S si d e, f oll o w e d 

b y W, N a n d E si d e s i n t h at or d er). T h e i nt ertri al i nt er v al w a s 3 0 mi n. F or t h e fir st 

4 d a y s of m a z e t e sti n g, t h e s u b m er g e d pl atf or m w a s pl a c e d i n t h e N E q u a dr a nt. 

F oll o wi n g a 7- d a y p eri o d wit h o ut a n y t e sti n g, t h e s u b m er g e d pl atf or m w a s a g ai n 

pl a c e d i n t h e N E q u a dr a nt f or o n e d a y (r e c all c o n diti o n, d a y 1 2), a n d t h e n i n t h e 

S W q u a dr a nt f or t w o d a y s. T h e d a y aft er, o n d a y 1 5, t h e pl atf or m w a s r e m o v e d 

( 6 0 s pr o b e tri al), a n d o n t h e l a st d a y, it w a s lift e d a b o v e w at er l e v el a n d pl a c e d 

i n t h e N V V q u a dr a nt. T h e n u m b er of q u a n dr a nt e ntri e s, e s c a p e l at e n ci e s, a n d 

t h e n u m b er of s u c c e s sf ul r e a c h e s of t h e pl atf or m w er e c o m pil e d. 

2. 3 St a sti sti c al a n al y si s 

R e s ult s w er e a n al y z e d b y m e a n s of a n al y si s of v ari a n c e ( A N O V A) wit h r e p e at e d 

m e a s u r e s a s r e q ui r e d. 	 F o r h et e r o g e n o u s v a ri a n c e s, a l o g a rit h mi c 

tr a n sf or m ati o n w a s p erf or m e d i n or d er t o h o m o g e ni z e i nt er c ell v ari a n c e s. F or 

t h e r e p e at e d m e a s ur e, a P v al u e tr a n sf or m ati o n (t h e Gr e e n h o u s e- G ei s s er 

c orr e cti o n) w a s d o n e. 

3. R e s ult s 

3. 1 Hi st ol o g y 

L e si o n s of t h e l at er al n u cl ei ar e d e pi ct e d i n Fi g. 1 a c c or di n g t o t h e st er e ot a xi c 

c o or di n at e s of P a xi n o s ( 1 9 8 2). 
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3.2 Sensorimotor tests 

3;2.1 Coat-hanger. There was a significant day effect (F(1,13) = 53.4, P<0.001) 

in the absence of group and interaction effects. On falling latencies both groups 

had higher latencies as a function of time as the two groups equally improved 

their performance with time (Fig. 2). 

3.2.2 Grid test. There were no significant difference between groups for neither 

the mean latency before turning, the mean number of segments traversed or the 

mean latency before falling (All P's > 0.05, not shown). Therefore, no further 

testing was done on subsequent days. 

3.2.3 Rotorod. There was a significant day effect (F(19,247) = 40.0, P<0.001) in 

the absence of group (F(1,13) = 0.60; P > 0.05) and interaction effects (F1,13) = 

0.002; P > 0.05. On falling latencies both groups had higher latencies across 

trials (Fig. 3). 

3.2.4 Water maze learning. A 2 (groups) X 4 (days) ANOVA with repeated 

measures on the second factor was conducted during the acquisition of the 

hidden platform version of the water maze (Fig 4A and 4B). For quadrant 

entries, significant group (F (1,13) = 6.08, P < 0.05) and day (F (3,39) = 25.86, P 

< 0.001) effects were observed in the absence of a significant interaction (F 

(3,39) = 2.78, P > 0.05). A similar pattern was discerned for escape latencies : 

Group (F(1,13) = 7.66; P < 0.05), Day (F(3,39) = 40.7; P < 0.01), Interaction (3,39) 

= 2.8, P > 0.05. The experimental group were less successfull in finding the 

platform within the allowed 60 s than controls (Fig. 5; F (1,13) = 5.0, P < 0.05), 

but both groups increased their performance over days ((F (3,39) = 23.4, P < 

0.001) and at the same rate, as evidenced by a lack of interaction (F (3,39) = 

1.63, P > 0.05). The lateral nucleus lesion group found the platform on 68.75% of 

the trials, whereas the sham-operated group did so on 84.38% of the trials. 

During retention (day 12), there was no significant difference between the 
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groups, either for quadrants entries (F (1,13) = 0.36, P > 0.05) escape latencies 

(F (1,13) = 0.38, P > 0.05). On the first trial, both groups found the platform with 

the same number of quadrant entries (F (1,13) = 1.1, P > 0.05) and comparable 

latencies (F (1,13) = 1.27, P > 0.05). On days 13-14, the platform was located in 

the opposite (SW) quadrant. On day 13, the lateral nucleus lesions rats 

traversed more quadrants (F (1,13) = 7.65, P = 0.01) and took more time (F 

(1,13) = 6.23, P < 0.05) than sham-lesioned group before finding the newly 

located platform. On day 14, however, both group found the platform with 

comparable quadrant entries (F (1,13) = 0.88, P> 0.05) and escape latencies (F 

(1,13) = 0.2, P > 0.05). The day after (day 15), the platform was removed for a 

probe trial and the experimental group traversed 87 quadrants in 300 s (5 rats X 

60s; ratio = 0.29) whereas the control group traversed 172 quadrants in 600 s 

(10 rats X 60s; ratio = 0.286). Finally, on the 16th and last day, both groups 

found the visible platform with similar quadrant entries (F(1,13) = 1.09, P > 0.05) 

and escape latencies (F(1,13) = 0.21, P> 0.05). 

4. Discussion 

The purpose of the present study was to evaluate the effects of bilateral 

cerebellar dentate nuclei damage in rats on postural sensorimotor learning and 

on spatial orientation. Dentate nucleus lesions had no effect on the coat-hanger, 

the grid, and the rotorod tasks. By contrast, the lesioned impaired rats were 

impaired during acquisition of the hidden platform version of the water maze. 

The lesions did not affect terminal performance during the acquisition phase and 

did not affect the visible platform version of the water maze. 

A growing number of studies postulate cerebellar involvement in new and 

complex motor learning (Lalonde & Botez, 1990; Friston et al., 1992; Hallet et al., 

1996). Mutant mice, characterized by the depletion of different cell types in the 

cerebellum and in other regions were more or less impaired (Lalonde, 1994; 
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Gerlai et al., 1996) on tasks requiring equilibrium such as the rotorod. Studies 

on natural mutations (Lalonde et al., 1995; Lalonde et al., 1996 a,b) and 

knockout mice (Conquet et al., 1994; Aiba et al., 1994; Kashiwabuchi et al., 

1995; Chen et al., 1995) have consistently reported the presence of motor 

coordination deficits. These could not be dissociated from deficits of 

sensorimotor learning (see Harvey & Welsh, 1996 for a discussion on this point). 

None of these studies reported a selective impairment of learning new and 

complex motor skills. One way to limit motor coordination deficits and to discard 

the direct involvement of extra-cerebellar structures is with the use of acute 

lesions limited to the cerebellum. Rats with aspiration lesions of the fastigial 

nuclei and overlying cortex were impaired in motor coordination (Joyal et al., 

1996). However, their deficits did not prevent sensorimotor learning, as 

indicated by improved performances over days on wooden bridge, grid and 

coat-hanger tasks (Joyal et al., 1996). Rats with cerebellar hemispheric lesions 

or rats with lesions of the fastigial nucleus had fewer motor coordination deficits. 

As with rats with combined ablation of the lateral cerebellar cortex and dentate, 

rats with dentate nucleus lesions were not impaired on the coat-hanger, a 

measure of grip strength. Moreover, there was no impairment of rotorod 

learning, a measure of equilibrium. There was no qualitative difference between 

the rotorod performance of lesioned animais and controls, as few instances of 

passive rotation were detected. 

When studying the impact of cerebellar damage on sensorimotor learning, one 

must take into account the difficulty of dissociating motor deficits from 

sensorimotor learning deficit. Gerlai et al. (1996) presented a version of the 

rotorod task where animais were allowed to reach different levels of difficulty on 

a step-by-step paradigm. During acquisition, homozygous En-2 transgenic 

mutants fell sooner from the rod than either heterozygous mutants or wild-type 
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c o ntr ol s. At t h e e n d of tr ai ni n g, h o m o z y g o u s E n- 2 m ut a nt mi c e w er e a bl e t o 

p erf or m a s effi ci e ntl y a s h et er o z y g o u s mi c e b ut n ot wil d-t y p e c o ntr ol s. T h e s e 

r e s ult s i n di c at e t h at t h e h o m o z y g o u s mi c e w er e i m p air e d i n s e n s ori m ot or 

l e ar ni n g, at l e a st i n c o m p ari s o n t o h et er o z y g o u s mi c e. A n ot h er di s s o ci ati o n n ot e 

i s t h e r e c e nt r e p ort of pr e s er v e d m ot or c o or di n ati o n p erf or m a n c e b ut i m p air e d 

c E B R i n m ut a nt mi c e d e v oi d of gli al fi brill ar y a ci di c pr ot ei n, r e n d eri n g c er e b ell ar 

s y n a pti c l o n g-t er m d e pr e s si o n cl e arl y d efi ci e nt ( S hi b u ki et al., 1 9 9 6). 

Ot h er e vi d e n c e i n di c at e s t h at t h e c er e b ell u m i s i n v ol v e d i n c o m pl e x m ot or 

l e ar ni n g of n e w m ot or s kill s. 	 I n d e e d, Bl a c k et al. ( 1 9 9 0) d e m o n str at e d t h at 

a ni m al s tr ai n e d t o tr a v er s e a n el e v at e d o b st a cl e c o ur s e c o n si sti n g of r o p e s, 

l a d d er s, c h ai n s, a n d p ar all el b ar s, h a d a gr e at er n u m b er of s y n a p s e s p er 

P ur ki nj e c ell i n t h e p ar a m e di a n l o b ul e c o m p ar e d t o a ni m ai s t h at h a d t o tr a v er s e 

a r u n w a y wit h o ut o b st a cl e s o r t o r u n i n a n e x e r ci c e w h e el . T h e l e a r ni n g 

c o m p o n e nt i s cr u ci al f or t h e a p p e ar a n c e of s y n a pt o g e n e si s, b e c a u s e m ot or 

a cti vit y p er s e l e a d i n st e a d t o a n gi o g e n e si s ( Bl a c k et al., 1 9 9 0). M or e o v er, 

S e e d s et al. ( 1 9 9 5) r e p ort e d t h at c o m p ar e d t o r at s r u n n ni n g a r u n w a y m a z e 

wit h o ut o b st a cl e s, r at s r u n ni n g wit h o b st a cl e s h a d hi g h er e n z y m ati c a cti vit y 

ti s s u e pl a s mi n o g e n a cti v at or, a n e n z y m e a s s o ci at e d wit h P ur ki nj e c ell s. T hi s 

e n z y m e i s r el at e d wit h d e v el o pi n g a n d r e g e n er ati n g n e ur o n s a n d t h er ef or e m a y 

pl a y a r ol e i n a cti vit y- d e p e n d e nt s y n a pti c pl a sti cit y. T h e s e r e s ult s l e a d t o t h e 

c o n cl u si o n, a s e x pr e s s e d b y C h e n et al. ( 1 9 9 5), t h at alt h o u g h t h e c er e b ell u m i s 

n ot e s s e nti al f or c o m pl e x s e n s ori m ot or l e ar ni n g, it i s i n v ol v e d i n t h e r efi n e m e nt 

of a m ot or pr o gr a m l e a di n g t o t h e s m o ot h e x e c uti o n of a c o m pl e x s kill. 

T h er e i s al s o a gr o wi n g i nt er e st c o n c er ni n g t h e r ol e of t h e c er e b ell u m o n s p ati al 

ori e nt ati o n. C er e b ell ar m ut a nt mi c e h a v e b e e n r e p ort e d t o b e i m p air e d i n t h e 

hi d d e n b ut n ot t h e vi si bl e pl atf o r m v e r si o n of t h e M o r ri s w at e r m a z e ( e. g. 

G o o dl ett et al., 1 9 9 2). C er e b ell e ct o m y i m p air e d b ut di d n ot a b oli s h s p ati al 
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orientation in a dry maze (Dahhaoui et al., 1992). In the water maze, 

hemicerebellectomy lead to impairement in the visible condition of the Morris 

maze (Petrosini et al., 1996). The impairments were not merely due to motor 

deficits because post-learning surgery did not cause hidden platform deficits. 

These results indicate no effect of hemicerebellectomy on spatial retention of an 

already acquired task. Rats with lesions restricted to the dentate nucleus and 

overlying hemisphere of the fastigial nuclei had selective deficits of the hidden 

but not of the visible platform version (Joyal et al., 1996). By contrast, visible 

platform performance, a measure of visuomotor control, was affected by fastigial 

nucleus lesions and overlying vermis. By contrast, visible platform performance, 

a measure of visuomotor control, was affected by fastigial nucleus lesions and 

overlying vermis. ln the present study, rats with dentate nucleus lesions are as 

efficient as controls in finding the visible platform, ruling out visuo-motor deficits. 

However, the lesioned rats were impaired in the hidden platform version. Thus, 

selective hidden platform deficits were found with damage to either cerebellar 

nuclei of to cerebellar hemispheres and dentate. Visible platform deficits were 

found in hemicerebelectomized rats and in rats with lesions of the vermis and 

fastigial nucleus. On day 4 of the water maze task, dentate-lesioned rats reached 

the same asymptotic level of performance as controls (Fig. 4 A & B). 

Nevertheless, these animais were impaired on the first day of the shifting 

condition (Fig 4 A & B). This result may be interpreted as a perseverative 

tendency, but since they traversed more quadrants than the controls did, it 

seems likely that they instead navigate throughout the maze and not only in the 

quadrant where the platform was previously situated. However, this behavior 

did not last over a day. Both groups showed comparable performance on the 

recell and probe conditions. Overall, these results confirmed that selective 

cerebellar lesions cause a spatial orientation deficit. These results underline that 
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relative sparing of place learning as opposed to cued learning is not specific to 

hippocampal damage (see Morris et al., 1982 for example) and raise questions ., 

about the exact role of midline as opposed to lateral cerebellar structures. 

Different facets of spatial orientation may be subserved on one hand by the 

fastigial efferent system. which included the vestibular system and the 

hippocampus and the dentate system, which includes thalamo-neocortical 

regions, on the other. 
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FIGURE LEGENDS 

Fig. 1 Coronal sections of rat brains with electrolytic dentate nucleus lesions: a) 

sham-operated; b) minimal lesions; c) maximal lesions. Numbers illustrate 

anterior posterior coordinates according to the stereotaxic coordinates of 

Paxinos (1982). 

Fig. 2 Mean (SE) values of latencies before falling of rats with dentate nucleus or 

sham lesions on the coat-hanger. 

Fig. 3 Mean latencies before falling on the rotorod for rats with bilateral lesions of 

the dentate nucleus and sham-operated rats. Standard errors do not appear for 

the sake of clarity. 

Fig. 4 Mean (SE) values of quadrant entries (A) and escape latencies (B) of rats 

with lateral nucleus or sham lesions during water maze spatial learning on days 

1-4 (hidden platform in NE quadrant), day 12 (retention, hidden platform in NE 

quadrant) and days 13-14 (hidden platform in SW quadrant). 

Fig. 5 Mean (SE) number of platform successful findings per day (min = 0, max = 

4) by rats with dentate nucleus lesions and sham lesions. 
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INTRODUCTION  

ln 1990, Lalonde & Botez published a review about the effects of cerebellar 

damages on learning processes in animais. Few studies were done at that time 

aside from studies of classical conditioning of the eyeblink reflex (EBR) in the 

rabbit or adaptation of the vestibulo-ocular reflex (VOR). Since that time 

however, a substantialy growing amount of studies have been done in the more 

general context of a possible role of the cerebellum in learning or memory, 

including studies concerned with motor adaptation, motor learning, non-

Pavlovian associative learning, and timing processes. The present review is an 

overview of these post-1990 studies related to the role, if any, of the cerebellum 

in learning processes in animais. 

1- Classical conditioning. 

Classical (or Pavlovian) conditioning is an experimental paradigm where 

learning occurs when a neutral stimulus is paired with a strong naturally evoking 

response stimulus. Classical conditioning of the eyeblink reflex (EBR) in the 

rabbit is the most extensively investigated paradigm of this type (several 

comprehensive reviews are available, e.g. Lavond et al., 1993; Thompson & 

Krupa, 1994). The EBR is a blink protective response of the eyelid in response 

to activation of trigeminal afferents. Classical conditioning of the EBR is obtained 

by pairing an unconditional stimulus (US; a corneal airpuff or a periorbital 

electric shock) and a conditioned stimulus (CS; a light or a tone) until the CS 

alone elicits the conditioned response (CR), the blink of the rabbit's external 

eyelid and a sweep of the nictitating membrane (NM). The NM is a third 

cartilaginous eyelid presented in animais as cats or rabbits for whom the act of 

blinking also involves horizontal extension (nasal to temporal) of the NM across 

the cornea; this is a passive consequence of the eyeball's retraction inside the 
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orbit. However, EBR also occurs in other species such as rodents and humans 

(e.g. Daum et al., 1993; Chen et al., 1996). 

The acquisition, retention, and reacquisition of this simple form of learning is 

abolished or impaired by lesions of the anterior interpositus nuclei and/or the 

overlying cerebellar cortex (Thompson, 1990). The purpose of subsequent 

investigations has been to trace out the anatomical pathways critical for this 

response. The results of lesion, recording, and stimulation studies lead several 

researchers to the conclusion that the CS's anatomical substrate is the pontine 

nuclei (a sensory relay nuclei) and their mossy fiber projections to the 

cerebellum via the middle cerebellar peduncle, whereas the US anatomical 

substrate is the inferior olive (a somatosensory relay nuclei) and its climbing fiber 

projections to the cerebellum via the inferior cerebellar peduncle (Thompson & 

Krupa, 1994). Another goal of these pre-1990 studies was the localization of the 

essential (necessary and sufficient) memory trace of this form of long-term 

associative learning. Thompson and colleagues concluded that the dorsal 

anterior interpositus nucleus and overlying cortex are those loci (see Thompson, 

1990; Steinmetz et al., 1992; Thompson & Krupa, 1994 for reviews). However, 

the assumption that the memory trace is formed and stored in the cerebellum is 

not unanimously accepted (e.g. VVelsh & Harvey, 1989, 1991; Bloedel et al., 

1991). 

The following studies were therefore set up in order to obtain an in-depth 

exploration of the aformentioned assumptions. Since learning processes are 

deduced from a motor response, its absence means either that the animal is 

unable to learn or simply unable to execute or perform the required movement 

(Harvey & Welsh, 1996). The best available way so far to discard this 

performance hypothesis is to inactivate chemically the thought-to-be-crucial 

region instead of destroying it, since it is possible to assess the associative 
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learning before, during or after the inactivation (Krupa et al., 1993). This is the 

most promising way to elucidate the learning process because an animal need 

not to express the CR during the acquisition process to learn the CS-US 

association (Krupa et al., 1996; see Beck & Doty, 1957 in Thompson-Kim, 1996). 

The goal of this approach is thus to inactivate the structure suspected to be the 

localization of the engram during the acquisition process. If the animal shows no 

capacity of expressing the CR during the nuclear inactivation but demonstrates 

acquisition after inactivation, it is concluded that plastic changes in the targeted 

structure are not essential for the occurence of learning (Clark & Lavond, 1993; 

Krupa et al., 1993). 

ln one of the first reports of this kind, Welsh & Harvey (1991) inactivated with 

lidocaine the interpositus nuclei of rabbits after learning to associate an airpuff 

(US) with a light (CS). The animais were retrained under drug to respond to a 

tone CS but they could not express the CR during the new acquisition process. 

However, the animais were able to respond when tested later for retention, after 

the effect of the drug vanished, thus demonstrating an effective learning in spite 

of the nuclear inactivation. Moreover, they demonstrated that the dosage used 

was high enough to block previously acquired CR and they determined the 

effective spread of the injections with autoradiography. Based on these results, 

Welsh & Harvey (1991) asserted that the interpositus nucleus is not a necessary 

prerequisite site of plasticity for this kind of learning. Nevertheless, subsequent 

studies with naive animais have shown that inactivation of the interpositus nuclei 

(particularly its dorsal part) by cooling, blocking sodium channels, or increasing 

chloride conductance prevent acquisition of the CR, but not the ability to acquire 

the CR after the inactivation (Krupa et al. 1993; Nordholm et al., 1993; Hardiman 

et al., 1996). US-alone trial effects of inactivation on UR are generally non-

existent when assessed (Krupa et al. 1993; Nordholm et al., 1993; but see 
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Bracha et al., 1994). These results suggested that the essential neural network 

for this classical conditioning involves regions within the cerebellum or efferent 

structures that receive inputs from the interpositus nucleus. The latter possibility 

seems unlikely since inactivation of the contralateral red nucleus, a major 

efferent target of the interpositus nucleus, or inactivation of the major efferent 

pathway, the superior cerebellar peduncle, leads to an inability to perform the 

CR during inactivation training but not during the drug-free retention test (Clark & 

Lavond, 1993; Krupa & Thompson, 1995). Those animais could thus learn the 

CS-US association in spite of their incapacity to express the CR, which suggest 

that although the motor response is not essential for acquisition the interpositus 

itself is, with a possible involvement of the cerebellar cortex (Bloedel & Bracha, 

1995; Gruart & Yeo, 1995; Harvey & Welsh, 1996). 

Depending on the dose, lidocaine or a second inactivating substance, muscimol, 

can invade the cerebellar cortex (see Fig. 2 in Krupa et al. 1993 for example). 

The overlying lobule HVI of cerebellar cortex is now included as an important 

region in the acquisition of the EBR conditioning (Thompson & Krupa , 1994). 

Unilateral cerebellar lesions largely restricted to lobule HVI can indeed abolish 

or impair the CR depending on the extent of pre-lesion training (i.e. 

subasymptotic vs extensive) and not only do they not depress the amplitude of 

the UR but they increase it (Hardiman & Yeo, 1992; Yeo & Hardiman, 1992). 

Cerebellar cortex ablations usually impair but do not abolish the CR (e.g. 

McCormick & Thompson, 1984; VVoodruff-Pak et al., 1985; Lavond et al. 1987; 

Harvey et al., 1993; Perrett et al., 1993). The degree of impairment and/or 

recovery depends on the extent of the lesion. Aspiration of lobule HVI, Crus I, 

Crus II, and the paramedian lobe of naïve animais slows down without 

preventing learning (Lavond & Steinmetz, 1989). Divergences between studies 

can be due in part to encroachement of the dentate-interposed nuclei, because 
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cortical surgeries that included that region lead to abolition of the CR (Thompson 

& Krupa, 1994). It has also been suggested that strain differences between 

rabbits influence the results (Clark & Lavond, 1994). Gruart & Yeo (1995) found 

an impairment but no abolition of the CR after cerebellar cortical lesions and 

suggested that the bilateral nature of the lesions is a necessary prerequisite. ln 

agreement with this statement, genetic studies in mice have indicated that 

Purkinje cell degeneration (Chen et al., 1996) and lack of the mGluR1 glutamate 

receptor which is most abundant in the Purkinje cells (Aiba et al., 1994) retarded 

acquisition. Moreover, Woodruff-Pak et al. (1990) found a highly positive 

correlation between Purkinje cell number and the rate of eyeblink learning in 

normal rabbits. 

Results concerning the involvement of the cerebellar cortex on the response 

extinction are still not clear, since extensive damage can either prevent 

extinction (Perrett & Mauk, 1995) or not (Chen et al., 1996). ln view of these 

results, the most integrative perspective so far is that cerebellar cortex is 

involved in the timing process of the conditioned EBR (Perrett et al., 1993; lvry, 

1996). 

The importance of a timing component in the altered movements following 

cerebellar damage has been emphasized (Holmes, 1939; Lamarre et al., 1971; 

Conrad & Brooks, 1974; Hore & Villis, 1984; Dichgans & Diener, 1984). lvry et 

al. (1988) strongly suggested that the integrity of the cerebellum was critical for a 

more general timing control when they reported that patients with lateral 

cerebellar lesions were less accurate than other clinical groups in making 

perceptual judgments of time intervals bounded by acoustic signals but not in the 

perception of loudness. They interpreted these results as demonstrating that 

one of the cerebellum's role is to operate as a task-independent timing module. 

Not all cerebellar lesions result in a timing deficit, and it has been remarked that 
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"it is quite striking that the regions involved in timing of motor and perceptual 

functions are similar to the regions implicated in classical conditioning" (Ivry et 

al., 1988, p.177). lndeed, precise timing is a critical component of CR 

acquisition. The CR do not occur at a fixed interval after the CS, but at a fixed 

interval before the US. If the interval between the CS and US is consistently 

lenghtened or shortened, the interval between the CS and CR will be adjusted. 

This form of learning may involve the lateral cerebellum because of the requisite 

timing computations. While lesions of the deep nuclei abolish the conditioned 

response, aspiration of the cerebellar cortex disrupts the timing of the response 

(Perrett, 1993). It appears that the cerebellar cortex plays a critical role in 

shaping the temporal topography of the conditioned response. 

Interval-based models (among others) have been used to explore how the 

cerebellar cortex encodes the precise timing between the CS and US in EBR. ln 

computer simulations, proposais had involved a temporal evolution of network 

activity pattern through negative feedback loops involving granule and Golgi 

cells (Buonomano & Mauk, 1994) or a variation in the activation of Purkinje cells 

via a second-messenger glutamate system (Fiala et al., 1996). ln both systems, 

learning centers on identifying the CS-related activity that is maximal near the 

time of arrivai of the signal triggered by the US. ln the latter model, adaptative 

mechanisms within the Purkinje cells produce a temporal regulation of the firing 

rate that times the disinhibition of the interposed nuclei and thereby open a 

"timed gate" that enable gains learned at the nuclear stage. A glutamate 

receptor second-messenger system is hypothesized to produce slow responses 

in Purkinje cells, allowing information processing within these cells to bridge the 

interstimulus interval between the onset of CS-related activity relayed by parallel 

fibers and the US-related activity carried by climbing fibers. Variation in the 

number of glutamate receptors produces a population of Purkinje cells that 
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r e s p o n d wit h diff er e nt l at e n ci e s t o t h e s a m e o ut p ut. M or e pr e ci s el y, Fi al a et al. 

( 1 9 9 6) pr o p o s e d t h at P ur ki nj e c ell sl o w r e s p o n s e s ar e pr o d u c e d b y a cti v ati o n of 

m et a b otr o pi c gl ut a m at e r e c e pt or s ( m Gl u R s) a n d t h at t h e l at e n c y of t h e m Gl u R 

r e s p o n s e s p a n s t h e r a n g e of c o n diti o n a bl e e y e bli n k i nt er sti m ul u s i nt er v al s. 

T h u s, t h e d e cr e a s e of P u ki nj e c ell firi n g di si n hi bit s c er e b ell ar n u cl e ar c ell s, 

w hi c h t h e n p r o d u c e a n e x cit at o r y r e s p o n s e c o r r e s p o n di n g t o t h e l e a r n e d 

r e s p o n s e. P u r ki nj e c ell l e a r ni n g ti m e s t h e r e s p o n s e, w h e r e a s n u cl e a r c ell 

l e ar ni n g c ali br at e s t h e r e s p o n s e. 

2- A s s o ci ati v e l e ar ni n g of i n str u m e nt al r e s p o n s e s  

T h e eff e ct s of c e r e b ell a r d a m a g e o n a v oi d a n c e o r a p p etiti v e i n st r u m e nt al 

c o n diti o ni n g h a v e n ot b e e n s o t h o r o u g hl y i n v e sti g at e d a s P a vl o vi a n 

c o n diti o ni n g. 	 I n 1 9 7 9, S c h n ei d e r m a n Fi s h et al. r e p o rt e d a n i m p ai r e d 

a c q ui siti o n of t w o- w a y a cti v e a v oi d a n c e i n r at s f oll o wi n g bil at er al f a sti gi al n u cl ei 

l e si o n s b ut n ot l at er al n u cl ei l e si o n s. l n d e e d, l at er al n u cl ei l e si o n s e v e n i n d u c e d 

a f a cilit ati o n of t h e l e a r ni n g r at e s c o m p a r e d t o c o nt r ol s. M ut a nt mi c e wit h 

c e r e b ell a r d a m a g e ( st a g g e r e r a n d r e el e r ) w e r e r e p o rt e d t o s h o w l e a r ni n g 

d efi cit s i n t h e s a m e a cti v e a v oi d a n c e t a s k ( G ol d o wit z & K o c h, 1 9 8 6). D a h h a o ui 

et al. ( 1 9 9 0) d e m o n str at e d t h at alt h o u g h c er e b ell e ct o m y i n d u c e d i m p air m e nt s, 

t h e r at s w er e still a bl e t o l e ar n t h e t a s k a n d a c hi e v e t h e l e ar ni n g crit eri o n. 

C er e b ell e ct o m y or l e si o n of t h e i nf eri or oli v ar y c o m pl e x di d n ot i n d u c e a n y 

r et e nti o n i m p ai r m e nt i n a o n e -t ri al p a s si v e a v oi d a n c e c o n diti o ni n g t e st 

( G uill a u mi n et al., 1 9 9 1; D a h h a o ui et al., 1 9 9 2, 1 9 9 4). U si n g t w o v er si o n s of a n 

a s s o ci ati v e l e ar ni n g t a s k w h er e r at s h a d t o pr e s s a b ar i n or d er t o r e c ei v e eit h er 

a r e w ar d or a v oi d a s h o c k, St ei n m et z et al. ( 1 9 9 3) st u di e d t h e eff e ct s of d e e p 

c er e b ell ar l e si o n s o n t h e l e ar ni n g of t h e a p p etiti v e v er si o n a s o p p o s e d t o t h e 

a v er si v e v er si o n of t h e s a m e t a s k. L e si o n s t h at e n cr o c h e d o n l at er al, i nt er p o s e d 

a n d f a sti gi al n u cl ei pr e v e nt e d t h e l e a mi n g of t h e a v er si v e t a s k v er si o n of t h e t a s k 
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b ut h a d n o eff e ct o n t h e l e a r ni n g of t h e a p p etiti v e v e r si o n. l n a diff e r e nt 

p ar a di g m, P a s si n g h a m & Ni x o n ( 1 9 9 6) m a d e bil at er al d e nt at e n u cl ei l e si o n s o n ., 

m o n k e y s a n d tr ai n e d t h e m t o l e ar n a n o v el a n d ar bitr ar y a s s o ci ati o n b et w e e n 

t w o c ol or e d vi s u al p att er n s a n d t w o m o v e m e nt s of a j o y sti c k. T h e s e a ni m ai s 

l e ar n e d t h e t a s k a s effi ci e ntl y a s t h e c o ntr ol s, s u g g e sti n g a l a c k of i m p air m e nt i n 

a s s o ci ati v e l e a r ni n g f oll o wi n g d e nt at e l e si o n s. 	 R e c e ntl y, J o y al et al. 

( u n p u bli s h e d d at a) o b s er v e d t h at bil at er al f a sti gi al l e si o n s di d n ot pr e v e nt or 

i m p air l e ar ni n g of a si g n al e d t w o- w a y a cti v e a v oi d a n c e t a s k. O v er all, a s it w a s 

u n d erli n e d a b o v e, t h e r e s ult s ar e n ot c o n si st e nt. T hi s i s c ert ai nl y d u e i n p art t o 

t h e f a ct t h at st u di e s ar e s c ar c e, u s e pr e- s ur g er y a c q ui siti o n a n d/ or p o st- s ur g er y 

r et e nti o n of t h e t a s k s, a n d t h e n u m b er of a ni m ai s wit h di s cr et e d e e p c er e b ell ar 

l e si o n s i s s m all. 

3- P o st ur al s e n s ori m ot or l e ar ni n q 

A c c or di n g t o t h e r e c e nt lit er at ur e, t h e c er e b ell u m i s cl e arl y i n v ol v e d i n m ot or 

l e ar ni n g ( e. g. Ai b a et al., 1 9 9 4; S al m o n & B utt er s, 1 9 9 5). T e xt b o o k s gr a d u all y 

i n c or p or at e d m ot or l e ar ni n g a s a c er e b ell ar f u n cti o n ( e. g. G h e z, 1 9 9 1), a n d 

diff er e nt t h e ori e s h a v e b e e n s u g g e st e d t o e x pl ai n t hi s r ol e ( n o, 1 9 9 3; T h o m p s o n 

& Kr u p a, 1 9 9 4; T h a c h et al., 1 9 9 2; T h a c h, 1 9 9 6; H o u k et al., 1 9 9 6). l n t h e m e a n 

ti m e, s o m e a ut h or s c h all e n g e n ot o nl y a c er e b ell ar r ol e i n m ot or l e ar ni n g b ut 

al s o a dir e ct c er e b ell ar i n v ol v e m e nt i n m ot or c o ntr ol a n d t h u s a s s ert t h at t h o s e 

t h e ori e s ar e di v er g e nt b e c a u s e t h e y ar e pr e m at ur e ( s e e t h e s p e ci al i s s u e of 

B e h a vi or al a n d Br ai n S ci e n c e s o n m ot or l e ar ni n g a n d s y n a pti c pl a sti cit y, 1 9( 3), 

1 9 9 6, f or diff er e nt vi e w s). Ot h er r e c e nt r e vi e w s w er e al s o b a s e d o n alt er n ati v e 

p o s si biliti e s, str e s si n g t h e i m p ort a n c e of t h e i nf eri or oli v e ( Lli n a s & V V el s h, 1 9 9 3) 

or m ulti pl e e xtr a- a n d c er e b ell ar sit e i nt er a cti o n s ( Bl o e d el & al., 1 9 9 6). T hi s 

di s a gr e e m e nt m a y c o m e fr o m t h e di s si mil arit y b et w e e n diff er e nt d efi niti o n s of 

m ot or l e ar ni n g fr o m o n e st u d y t o a n ot h er. W h e n o n e diff er e nti at e s cl a s si c al 
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conditioning, motor coordination, motor adaptation, single-joint movement, 

voluntary fast ballistic movement, equilibrium, etc., a clearer view may slowly 

emerge. 

The first stream of "evidence" that lead to the conclusion of a direct and essential 

cerebellar involvement in motor learning comes from the aforementioned studies 

on classical conditioning. Since cerebellar lesions induce severe deficits in the 

acquisition or retention of the conditioned EBR, it has generally been concluded 

that "this is consistent with the view that the cerebellum may mediate motor 

learning" (Gruart & Yeo, 1995, p.431). EBR and VOR subsequently served as the 

unique basis of a cerebellar role in motor learning (e.g. Glickstein & Yeo, 1990; 

Raymond et al., 1996). These hypotheses are extremely judicious and relevant, 

but are more specifically related to associative learning (EBR) or motor 

adaptation (VOR). ln the EBR paradigm, the nature of the learned response is 

motor but not the nature of the learning. Cerebellar-related behavioral studies 

that have tested the acquisition or retention of changes in the motor response, for 

example studies in which the animal had to acquire the ability to maintain 

balance or to acquire specific response topographies are scarce. A dissociation 

between conditioned EBR and motor coordination/motor learning abilities was 

discovered in Glial fibrillary acidic protein (GFAP) mutant mice (Shibuki et al., 

1996). The LTD at the PF-PC synapses of these mice is deficient and they 

exhibited an impaired EBR, in spite of any detectable deficit in motor 

coordination or motor learning. ln this way, Harvey & Welsh (1996) had reported 

that acquisition or retention of motor learning in cerebellar subjects were tested 

in only 9 experiments from 1917 to 1995. None of these studies reported an 

incapacity for motor learning. Among them were studies involving tongue 

extension in the rat after inferior olive damage (Welsh, 1994), complex forelimb 

movements (Shimansky et al., 1994) or reaching movements (Bloedel & Bracha, 
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1995) in the cat after deep nuclei lesions or in the monkey after inferior olive 

damage (Kennedy et al., 1982) and visuo-motor movement in cerebellar patients 

(Timman et al., 1996). 

However, an increasing number of studies directly related to the effects of 

cerebellar lesions on complex motor learning have been published lately. Their 

conclusions bring us back to the importance of dissociating motor learning from 

motor coordination deficits. It is very well known that cerebellar damage lead to 

motor coordination deficits (e.g. Holmes, 1939), and an experimental paradigm 

must thus incorporate the assessment of motor deficits during the learning 

sessions. Examination of the learning curve can help to distinguish learning 

from other factors. VVhen the experimental group shows a floor effect, it may 

reflect an inability simply to perform the task; if the experimental group learning 

curve is not at the same level as the control group, they both learn at the same 

rate despite motor coordination problems; the tail-end of the curve may indicate 

a slowed acquisition rate for the experimental group that may yet reach 

asymptotic performance comparable to that of the control group. A ceiling effect 

from the control group may be necessary to demonstrate a learning effect of the 

experimental group since the latter is often too debilitated to perform at the same 

levet of performance. Two different levels of difficulty may be used with the same 

apparatus in order to obtain similar learning effects. These considerations are 

not regularly taken into account. ln the first study using gene targeting 

techniques, Aiba et al., (1994) reported a motor learning deficit in mice lacking 

metabotropic glutamate receptor 1 (mGluR1). These mice showed a clear motor 

impairment (Conquet et al., 1994) that prevent it from staying for more than 1 sec 

on a rotating rod after 5 trials (Aiba et al., Fig 7). The mice also showed a clear 

floor effect on the inclined rod, meaning that the levet of difficulty the tasks was 

high. The other task used was the easier stationary rod where the experimental 
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group showed a learning effect (going from an average of 0 sec to 50 sec on the 

rod in only 4 trials, but no longitudinal statistical analysis was provided). Thus, 

motor learning is not abolished. Moreover, the mutant learning curve slope 

seems to be similar to the rotating rod curve slope of normal mice. However, 

since the testing was stopped before reaching a possible asymptote (only 5 trials 

were performed), one can hardly conclude whether or not the mutant were 

impaired on motor learning on top of their motor coordination deficit although this 

is possible. The exact same patterns of motor deficits were found by Chen et al. 

(1996) with the protein kinase C (PKC) mutant mice, and the authors judiciously 

limited their interpretation to a motor coordination deficit. Again, motor learning 

emerged when the animals were able to perform the basic elements of the task 

but they showed floor effects on the rotating rod and on the thin stationary rod, 

although no longitudinal statistical analysis was performed and testing was 

limited fo 6 trials. ln a related study using mutant mice lacking the GluR2 

glutamate receptor, Kashiwabuchi et al. (1995) also limited their conclusion to an 

impaired motor coordination after their mice climbed a rope with comparable 

speeds as controls but they did not specifically assess learning rates by means 

of statistical tests. On an assessment that lead to a floor effect, the mutants were 

not able not improve the number of slips on a 2 cm wide runway. One mutant line 

could improve their equilibrium latencies on the rotating rod whereas another 

line showed a floor effect. ln view of these results, the authors concluded to an 

impairment in motor coordination rather than motor learning. Worth noting is the 

fact that they gave 10 trials/day for 5 days instead of the aforementioned 5 or 6 

overall trials. If they had stopped the testing after 10 trials, they would conclude 

to an inability for the mice to increase their equilibrium latencies since they had 

an average equilibrium time of a few seconds on day one (Fig 3-D). However, a 

clear asymptotic effect is still lacking and they could not conclude to a motor 
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learning deficit. A mutant mice (GFAP) with no obvious cerebellar symptoms, 

such as ataxia, exhibited impaired EBC and LTD processes but no do motor 

coordination deficits and learn the rotating rod, rope climbing, and the runway 

task as efficiently as did the controls (Shibuki et al., 1996). Overall, these results 

in mutant mice emphasize the importance of carefully dissociating motor 

coordination deficits from motor learning deficits, and indicate no evidence for an 

essential role of cerebellar neural circuit in a postural motor leaming. 

Other studies have used natural mutations with cerebellar damage and 

examined their rate of learning on several motor tasks. These mutants are 

characterized by developmental losses of different types of neurons in the 

cerebellar circuit. Lurcher mutant mice, characterized by degeneration of 

cerebellar granule and Purkinje cells and inferior olive cells, fell more quickly 

than normal mice from a tilted platform. However, with repeated practice, the 

amount of time spent on the platform by the lurcher and controls increased at the 

same rate. Although ataxic and performing at a lower level, these mice have 

spared motor learning capabilities. Subsequently, a different test (rotorod) was 

then used for the purpose of obtaining identical baseline rates for both groups, 

by varying the speed and the size of the rod. The results indicated that atrophy 

of the cerebellar cortex is not sufficient to prevent this form of learning (Lalonde 

et al., 1995; Caston et al., 1995a). However, the learning rate was not the same. 

Because the mutants never achieved the same asymptotic level of performance 

as that of normal mice, the authors could not ascribe the nature of their deficit to 

a learning (Lalonde et al., 1992). The same conclusion applies to acquisition of 

climbing skills in the same mutant (Thifault et al., 1996). The capability of lurcher 

mutant mice to keep their equilibrium on a beam-walking task was also 

assessed (Lalonde et al., 1996). The apparatus had two levels of difficulty for the 

purpose of limiting the impaired motor coordination factor in the experimental 



1 2 1 

group. Lurcher mutants improved their performance with repeated trials, but 

failed to achieved the same aymptotic level as that of normal mice. The severity 

of the ataxic symptoms may enable the mice to reach a higher level of 

performance to a certain point but no further. lndeed, using three different tests 

of motor learning on three different types of cerebellar mutant mice, Lalonde et al 

(1996) demonstrated that the extent of cerebellar damage is not related to the 

rate of learning . En-2 mutant mice, which do not exhibit ataxia despite 

alterations of the cerebellar folding pattern were evaluated on a rotorod at 

different speed (Gerlai et al., 1996). Therefore, the difficulty of the task could be 

adjusted. ln this way, they were able to demonstrate the capabilty of these 

mutant mice to learn the motor task. Although the learning rates were similar 

during the first sessions, they diverged later. Thus, postural motor learning was 

slowed, but not eliminated in this mutant. 

Lesions limited to a specific cerebellar region complement mouse genetic 

studies. Entire cerebellectomy impairs but does not prevent acquisition of the 

equilibrium behavior as assessed by the rotorod task, provided the rats are 

sufficiently mature (Auvray et al.,1989; Zion et al., 1990; Caston et al., 1995b), 

which is also the case following total lesion of the inferior olive (Jones et al., 

1995). Lesions of the midline cerebellum, comprising the vermis and fastigial 

nucleus, or the lateral cerebellum, comprising the cerebellar hemispheres and 

dentate nucleus did not prevent or even impaired, depending of the tasks, motor 

learning in rats (Joyal et al., 1996). Fastigial limited lesions, in spite of poorer 

inital performance, did not prevent rats to show the same rate of learning as that 

of controls in the beam-walking task (Joyal et al., 1996). 

An overall view of the results concerning the effects of cerebellar damage on 

complex motor learning prevent any assertion that the cerebellum is essential. 



1 22 

The cerebellum is certainly more critical for the acquisition and execution of 

other learned tasks, as the conditioned EBR. However, the cerebellum may be 

involved in some complex tasks since some previously mentioned studies 

demonstrated an altered learning rate. Moreover, simultaneous unit recording of 

deep cerebellar nuclei of cats while they learn to reach and guide a 

manipulandum bar demonstrated a specific modulation magnitude of the 

recorded cells when the animal begins to perform successfully (but not during 

the early stage of acquisition; Bloedel et al., 1993; Milak et al., 1995). However, 

this task can be learned during inactivation of the cerebellar nuclei but at a 

slower rate (Bloedel & Bracha, 1995), as has been reported in rodents after 

cerebellar damage (e.g. Gerlai et al., 1996; Joyal et al., 1996). ln some cases, 

the animais were able to learn with unusual strategies, and the authors 

concluded that the cerebellum may play an operational role in processing 

spatio-temporal information required for the selection of the most effective 

strategies, optimizing the goal-directed motor behavior, but that it is not required 

for its acquisition (Shimansky et al., 1994; Bloedel & Bracha, 1995). 

There is a second series of studies that have lead some researchers to conclude 

a direct cerebellar circuit involvement in motor learning. However, this group of 

studies used a motor adaptation instead of a motor acquisition paradigm (Thach, 

1992 for a review). It has been known for several years for instance, that 

cerebellar neuronal events are correlated with modification of movement-related 

behaviors in the adaptation of movement following parameter alteration in the 

hold-and-resist task of Gilbert & Thach (1977). The importance of the cerebellum 

in adaptative complex motor learning as assessed by learned ballistically 

initiated movements (e.g. Soechting et al., 1976; Lamarre et al., 1983) and by 

step-tracking (Brooks et al., 1973) is also well established. A role of the 

cerebellum in adaptation and modulation of the gain of somatosensory 
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responses measured by resistance to arm or grasp perturbations has been 

demonstrated (Hore & Vilis, 1984; Dugas & Smith, 1992), as well as in 

adaptation of a synergy, revealed by cerebellar lesion-induced deficient 

adaptation of eye-hand coordination in throwing a ball at a target while wearing 

wedge prism spectacles (Baizer & Glickstein, 1974). Thach and colleagues also 

developed a motor adaptation task where monkeys must re-scale a wrist 

movement proportionately to a gain change (Keating & Thach, 1990). The eye-

hand coordination had to be recalibrated and the cerebellum may control the 

recalibration, since the behavioral adaptation appears to be related to a 

transient, covarying change in complex and simple spikes rates, and a persistent 

behavioral change to a persistent change in the simple spike rate. 

lnsofar as motor adaptation is concerned, ablation of the cerebellar cortex can 

completely remove adapation once it has been established, and can prevent 

further adaptation (see Thach, 1996 for a review). More recent tasks involving 

perturbed locomotion, imposed displacements, or altered visual feedback for 

elbow movements help to underline the cerebellum's implication in motor 

adaptation learning in animais (Yanagihara et al., 1993; Yanagihara & Udo, 

1994) and humans (Horak & Diener, 1994; Deuschl et al., 1996). Computer 

based paradigms that quantitatively describes the adaptation process to analyse 

the metrics of movements have also been performed in monkeys (Ojakanjas & 

Ebner, 1991; Keating & Thach, 1990) and humans (Keating & Thach, 1990; 

Deuschl et al., 1996). 

However, as Sanes and colleagues (1990) underlined in their study of motor 

learning in patients with cerebellar dysfunction: "Motor learning can be classified 

as motor skill acquisition and motor adaptation. Motor skill learning is closely 

related to voluntary motor behaviour and include the concept of acquiring a new 

motor ability. Motor adpatation, which includes changes in the vestibulo-ocular 
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r efl e x a n d t h e s p e e d a c c ur a c y tr a d e- off, i n v ol v e s e x c h a n g e of o n e b e h a vi o ur f or 

a n ot h er i n r e s p o n s e t o a n alt er ati o n i n eit h er s e n s or y i n p ut s or t a s k d e m a n d s " 

( p. 1 0 4). 	 T h e s e a ut h or s r e c e ntl y r eit er at e d t hi s i m p ort a nt p oi nt ( H all et, 1 9 9 6; 

H all et et al., 1 9 9 6). A s T h a c h ( 1 9 9 2) al s o p erti n e ntl y u n d erli n e d: " W h at i s n e w ? 

i s it t h e n o v el c o m bi n ati o n s of t h e m u s cl e a n d j oi nt a cti o n, or t h e a p pli c ati o n of 

ol d m oti o n s t o n o v el c o n diti o n s or b ot h ? " ( p. 4 2 7). Pr e s e ntl y, t h e s e di sti n cti v e 

p art s of m ot or l e ar ni n g pr o c e s s e s ar e i m p ort a nt, si n c e t h e c er e b ell u m m a y pl a y 

a n e s s e nti al r ol e i n t h e l att er b ut n ot t h e f or m er. A s st at e d b y D e u s c hl et al. 

( 1 9 9 6), t h e M arr/ Al b u s m o d el i s c o nfi m e d if o n e vi e w it a s a s u g g e sti o n t h at 

si m pl e a d a pt ati v e m ot or b e h a vi or i s r e g ul at e d b y t h e c er e b ell u m i n st e a d of a 

m o d el a b o ut m ot or l e ar ni n g p er s e. 

H o w e v er t h at m a y b e, t h e di sti n cti o n b et w e e n m ot or a d a pt ati o n, m ot or l e ar ni n g, 

cl a s si c al c o n diti o ni n g, a n d i n str u m e nt al c o n diti o ni n g w a s d o n e h er e i n a att e m pt 

t o fi n d a u nifi e d a n d cl e ar er vi e w of c er e b ell ar f u n cti o n s. It s e e m s pr e s e ntl y t h e 

b e st w a y t o s y nt h e si z e t h e gr o wi n g b o d y of d at a c o n c e m e d wit h t h e g e n er al t er m 

of m ot or l e ar ni n g. H o w e v er, t hi s m a y e v e nt u all y b e artifi ci al a n d w e a gr e e wit h 

Bl o e d el, E b n er & Wi s e (i n pr ef a c e, 1 9 9 6) w h o "tr u st t h at a u s ef ul p er s p e cti v e c a n 

b e o bt ai n e d b y i n cl u si o n of r e s e ar c h ar e a s a p art fr o m t h e tr a diti o n al a p pr o a c h e s 

of m ot or l e ar ni n g, i n cl u di n g t h e st u d y of n o n a s s o ci ati v e r efl e x e s, c o n diti o n e d 

r efl e x e s, a n d l e a r ni n g t h e c o nt e xt f o r t h e p e rf o r m a n c e of al r e a d y l e a r n e d 

m o v e m e nt s". 

O v e r all, a c o n s e n s u s t h u s a p p e a r s t o e xi st c o n c e r ni n g t h e c e r e b ell u m' s 

i n v ol v e m e nt i n m ot or l e ar ni n g, i n cl u di n g a n i m p ort a nt r ol e of t h e c er e b ell u m: 1) 

i n m ot or a d a pt ati o n ( e. g. T h a c h, 1 9 9 2); 2) i n s el e cti n g a n d p erf or mi n g t h e m or e 

eff e cti v e str at e g y i n a n e w c o m pl e x m ot or l e ar ni n g t a s k ( e. g. Bl o e d el & Br a c h a, 

1 9 9 5 ), a n d 3 ) i n t h e r efi n e m e nt of a m ot o r p r o g r a m l e a di n g t o t h e s m o ot h 

e x e c uti o n of a c o m p o u n d m o v e m e nt ( e. g. C h e n et al., 1 9 9 6). T hi s c o n c e n s u s i s 
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best illustrated by another series of studies, that assess the effect of postural 

motor learning in normal rats and thereafter examine synaptic remodeling, 

conducted by Greenough and colleagues on one hand (Black et al., 1990; Kleim 

et al., 1994, 1996, 1997) and by Bickford and her colleagues on the other hand 

(Bickford, 1993; Seeds et al., 1995; Gould et al., 1995). The Greenough group 

trained rats to traverse an elevated obstacle course consisting of ropes, ladders, 

chains, and parallel bars, evidently requiring substantial motor coordination to 

complete. They compared those trained animais versus others that merely had 

to traverse a runway without obstacles, others that ran in a spinning wheel, and 

others that remained in their home cage. They observed a greater number of 

synapses per Purkinje cell of the paramedian lobule in animais of the acrobatic 

condition group in comparison to either the running and standard conditions 

(Black et al., 1990). This increased synapse/neuron ratio is observed at the 

parallel fiber-Purkinje cell junctions (Kleim et al., 1994), but not in the lateral 

nucleus (Kleim et al., 1996), and persist in the absence of continued training for 

28 days (Kleim et al., 1997). Accordingly, motor skill acquisition augments 

cerebellar responses to parallel fiber activation (Bendre et al., 1995). The 

acrobatic conditions imply a new complex motor learning for the animal, and it 

seems that the learning component is crucial for synaptogenesis to occur, since 

motor activity per se leads instead to angiogenesis (Black et al., 1990). These 

results are in agreement with the hypothesis of a cerebellar cortical involvement 

in reaching high level motor coordination and refinement of a new complex 

motor skill. It is not known if cerebellar damage would lead to a true learning 

deficit in this task, but in the light of the few studies done in this context, one 

could guess that it would lead to an inability to reach the normal high level of 

performance or refinement. 
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Bickford and her colleagues used previously trained rats on an obstacle-runway 

and evaluated the expression of an enzyme associated with developing and 

regenerating neurons in Purkinje cells after their animais had to perform a more 

complex version of the task (Seeds et al., 1995). This paradigm could be 

considered by some as a high level of motor adaptation, but it surely involve 

complex motor coordination. They found that compared to rats that simply had to 

stay in their cage during the first-training time or rats that simply had to run the 

maze without obstacles, those that had to upgrade their motor performance in 

order to master the more challenging version of the maze showed specific 

induction of enzyme expression in Purkinje neurons. The performance in this 

task had previously been correlated with noradrenaline levels in Purkinje cells 

(Bickford, 1993; Gould et al., 1995). These results again suggest an important 

involvement of the cerebellar cortex in the refinement of complex motor behavior. 

4- Spatial orientation as assessed by water mazes. The Morris water maze 

(Morris et al., 1982) has several advantages over other kinds of spatial 

orientation tasks. The assessment can include a variety of conditions, 

depending on the goals of the study. Thus, praxic versus taxic or allocentric 

orientation strategies can be measured with manipulation of available cues 

surrounding the pool, different starting positions for the rat, a platform that is 

below or above the water level and so on. Moreover, rats that are ataxic are not 

necessarily impaired in swimming ability (Dow & Moruzzi, 1958; Pelligrino & 

Altman, 1979). ln contrast to the literature concerned with classical conditioning 

or motor adaptation, one would not expect to observe prevention of spatial 

acquisition, since in patients with cerebellar lesions have only mild 

visuoconstructive apraxia (Botez et al., 1989). However, some studies reported 

deficits in the spatial orientation version of the Morris water maze for animais 

with cerebellar lesions. Staggerer mutant mice were selectively impaired in the 
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Morris water maze submerged platform condition, whereas lurcher and weaver 

mutants were impaired in the visible platform version (see Lalonde, 1994b for a , 

review). Impairment in the visible platform, or cued condition, may imply a 

sensorimotor deficit instead of a spatial orientation deficit since the escape 

platform is not below but above the opaque water level. Subsequently, Goodlett 

et al. (1992) compared Purkinje cell degeneration (pcd) mutant mice at 30, 50, 

and 110 days of age to controls in the same task. At 30 days of age, pcd mutant 

mice were impaired in the invisible platform condition and not in the visible 

platform condition. At older ages some impairments, although minor, were found 

in the visible condition. These results were in agreement with the hypothesis 

that the cerebellum has a role in the acquisition of visuospatial learning, but 

mutant mice are susceptible to have extra-cerebellar site cell degeneration. 

Dahhaoui et al. (1992) assessed the spatial orientation capabilities of 

cerebellectomized rats, and concluded that the cerebellum is involved in the 

cognitive processes of the motor program elaboration. They used a dry maze, 

and therefore their cerebellectomized rats showed reduced path length and 

speed as well as limited exploration in at least the first 20 trials of the 40 allowed. 

Since cerebellar animais swim as well as controls (Dow & Moruzzi, 1958), water 

mazes are better suited for this kind of studies. However, with practice rats were 

able to find a single cup out of 16 that contained a food pellet. It is not possible 

to conclude anything about the complete, partial or absent formation of a spatial 

mapping process since the starting position was consistently the same and the 

authors did not analyze the pathways of the rats. Cerebellectomy increased the 

number of cups explored compared to controls and had a net tendency to stay in 

the periphery. This finding seems in favors of a spatial orientation deficit, but 

because this study provided no statistical analysis and only partial histological 

controls, it is difficult to draw definite conclusions. Moreover, in view of the small 
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diameter of this open field (75 cm, half of the standard water maze), it could be 

fruitful to record the rats behavior, since the animal could simply find the pellet 

by chance. A fine-grained analysis is warranted to study any possible different 

spatial orientation strategy used by brain damaged animais (e.g. Kesner et al., 

1989). The same laboratory used the Morris water maze to measure the effects 

of inferior olivary complex lesions in rats (Dahhaoui et al., 1992b). These lesions 

greatly impaired the rats ability to find an invisible platform in 8 seconds or less 

for 5 consecutive trials on a single day, from a single starting position. Since 

distance travelled was not measured and no visible platform control condition 

was used, it is not possible to rule out a sensorimotor deficit. However, the 

authors reported the unmeasured observation that their rats circled in the 

periphery of the pool while searching for the platform. 

Petrosini et al. (1996) tested naive unilaterally hemicerebelectomized rats in the 

Morris water maze. They reported a characterized and significant tendency of 

these rats to explore the peripheral part of the maze, along with a marked 

inability to find an invisible platform in spite of intensive training and a constant 

starting position. But since another group of cerebellectomized rats after the 

initial acquisition were as good as controls to find the visible platform, a 

sensorimotor deficit cannot account for the impairment of the former 

experimental group. ln the standard version of the Morris water maze, rats with 

either bilateral aspiration of the midline comprising the fastigial nuclei or the 

cerebellar hemisphere, including the lateral nuclei were tested (Joyal et al., 

1996). Midline lesions caused a deficit in both the visible and invisible 

conditions, whereas lateral lesions caused a selective impairment in the hidden 

platform condition. Bilateral fastigial nuclei-limited lesions also induced a deficit 

in the invisible platform condition but not in the visible platform condition (Joyal 

et al., 1996). Finally, bilateral lesions of the cerebellar lateral nuclei in rats 
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caused an impaired acquisition phase in the water maze, although the rats at the 

end of training reached the same learning level as that of the controls (Joyal et 

al., unpublished data). 

CONCLUSION  

It has been suspected for a long time that the cerebellum has a role in motor 

learning (Marr, 1969; Albus, 1971). However, it seems unlikely that this role is 

crucial for all kinds of motor learning. A particularly important aspect is whether 

or not the task involves postural sensorimotor learning, as is the case in the the 

rotorod equilibrium test, but not in conditioned EBR or the adaptation of the VOR. 

The former motor skills are by far more complex, and thus should rely on multi-

regional cortico-cerebellar and/or cortico-striatal loops. They do not depend 

upon the integrity of a single structure, and cerebellar lesions may lead in their 

case to an impaired but not prevented performance. Presently, unlike 

conditioned and adaptated motor learning, it is not established that the 

cerebellum is essential to postural sensorimotor learning, and there is no reason 

to believe that the cerebellum is the storage site of its engram. 

Concerning associative learning, a growing body of data is beginning to be 

available but results are not consistent. The relative importance of paleo- vs 

neocerebellar structures is an important point that should be assessed in the 

future. 

Whether the cerebellum has a role in cognitive thought is now actively 

investigated. One form of learning likely to be sensitive to cerebellar damage is 

spatial learning. Ascending cerebellar projections to fronto-parietal cortex (e.g. 

Sasaki, 1979; Schmahman, 1996) and the limbic system (e.g. Heath et al., 1978 

and Newman & Reza, 1979 in Schmahmann, 1996) may be the neural basis of 

this phenomenon. 
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Although much remains to be resolved, the cerebellum seems to contribute to 

various types of learning and behavior in the rat, including not only motor skills .. 

but also spatial learning and perhaps associative learning. Further investigations 

must be done with primates in order to validate these results with the use a 

different variety of tasks. However that may be, the cerebellum definitely 

deserves to be revisited. 
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1. Résumé des buts et résultats des études effectuées dans la cadre de cette thèse  

Les études effectuées dans le cadre de cette thèse tendent à vérifier les effets de 

lésions cérébelleuses sur différents types d'apprentissages chez le rat et la souris atteints de 

lésions cérébelleuses. Deux types de tâches ont été utilisées, pour, d'une part, mesurer la 

capacité de ces animaux d'acquérir de nouveaux apprentissages moteurs multi-articulaires et 

d'autre part, leur capacité d'orientation spatiale. Il a été démontré que des lésions plus ou 

moins étendues du cervelet n'empêchent pas, ou même dans certains cas n'entravent pas 

l'acquisition motrice, alors que les mêmes lésions entraînent des troubles d'orientation 

spatiale, plus ou moins importants selon l'étendue de la lésion. L'apprentissage associatif 

instrumental aversif, la discrimination visuelle conditionnée et les conduites séquentielles 

innées ne semblent pas être gravement influencés par les diverses atteintes cérébelleuses. 

2. Apprentissage moteur 

Tel que rapporté dans l'introduction, il est généralement admis que le cervelet joue 

un rôle important dans l'apprentissage moteur (Glickstein & Yeo, 1990; Ghez, 1991; Leiner 

et al., 1991). Il a aussi été spécifié que cette assertion ne concerne que les apprentissages 

très simples, tels que l'adaptation vestibulo-oculaire et le réflexe conditionné. Depuis 

l'élaboration de cette thèse, de nombreuses publications ont confirmé et généralisé ce type de 

résultats, qui ont été interprétés en tant que preuves supplémentaires du bien-fondé des 

théories sur le rôle cérébelleux dans l'apprentissage moteur (voir Thompson & Krupa, 1994; 

Salmon & Butters, 1995; Thach et al., 1996 pour des revues récentes de la littérature). 

Ainsi, l'adaptation du RVO aux changements du champ visuel, l'adaptation à des 

changements de paramètres impliqués dans une conduite motrice apprise et le 

conditionnement de certains réflexes sont effectivement empêchés par l'atteinte cérébelleuse 

tant chez l'animal que chez l'humain (du Lac et al.,1995; Daum & Schugens, 1996; 

Raymond et al., 1996; Thomspon & Kim, 1996). Il s'agit donc d'adaptations motrices. 

Néanmoins, un nombre croissant d'études sur le cervelet s'intéresse désormais aux 
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apprentissages moteurs nouveaux et plus complexes (voir Harvey & Welsh, 1996 et le 

dernier article de cette thèse pour des revues). Il est surprenant qu'un quart de siècle se soit 

écoulé avant que l'on vérifie le rôle du cervelet lors de l'acquisition d'une tâche motrice 

nouvelle pour l'organisme (Welsh & Harvey, 1992; Bloedel et al., 1996). Cependant, tel 

que sommairement mentionné en introduction, ces études donnent lieu à des résultats 

divergents et aucun consensus n'est obtenu (Bloedel & Bracha, 1995; Harvey & Welsh, 

1996; Hallet, 1996; Thompson & Kim, 1996). 

2.1 Apprentissage moteur complexe chez l'animal : troubles d'acquisition vs troubles de 

coordination 

Chez l'animal, une série d'études utilisant les récentes techniques de manipulations 

génétiques ont mené plusieurs auteurs à la conclusion que le cervelet est essentiel, nécessaire 

et suffisant à l'acquisition de nouvelles conduites motrices, contrairement à nos conclusions 

(voir le chapitre II; Aibai et al., 1994; Conquet et al., 1994; Kashiwabuchi, 1995; Chen et 

al., 1995). Grâce à de nouveaux procédés permettant l'altération de l'expression de gènes 

particuliers, de nouvelles souches de souris ont été développées (appelées "knock-out"), 

dont certaines composantes ciblées du circuit neuronal cérébelleux sont déficientes ou 

absentes, tel que les récepteurs GABAal par exemple. Ces différents types de souris sont 

utilisées dans le but premier de tester l'hypothèse qu'une trace mnésique se crée au sein du 

cervelet à la suite d'un apprentissage moteur. Ces études ont ainsi toutes vérifié l'effet de 

l'altération de différentes composantes du système cérébelleux sur le réflexe conditionné de 

la paupière, ainsi que sur divers apprentissages moteurs complexes. Les différentes 

altérations génétiques ont effectivement empêché l'établissement de la DLT et, du même 

coup, la capacité de conditionner l'animal. Ces études confirment donc que le cervelet est 

essentiel au conditionnement classique de la paupière (McCormick et al., 1981). Cette série 

d'études incluent diverses tâches motrices nouvelles et complexes (équilibre sur une poutre 

fixe inclinée, sur un câble métallique, sur une poutre rotatoire, escalade, etc.), dans 
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lesquelles les souris "knock-out" démontrent de mauvaises performances (voir les articles 

#la et 6a en appendice I). Ces résultats sont interprétés comme une preuve supplémentaire 

que le cervelet est directement lié à l'apprentissage moteur nouveau et que cet apprentissage 

moteur non-associatif est aussi dépendant de la plasticité cérébelleuse (Aiba et al., 1994). A 

première vue, ces résultats vont à l'encontre de ceux obtenus lors des études présentées ici 

(voir la discussion des articles #1, 2, 4 et 5). Cependant, un point important doit être 

souligné : ces souris ont avant tout d'importants troubles de coordination motrice (Conquet 

et al., 1994; Kashiwabuchi et al., 1995; voir aussi les articles #1 a et 6a de l'appendice I). 

Puisque l'apprentissage moteur complexe s'évalue exclusivement par la présence ou 

l'absence d'une amélioration comportementale en fonction des essais, celle-ci peut être 

simplement empêchée par une incapacité d'exécution. Il est donc primordial de dissocier 

l'incapacité d'un animal d'apprendre de son incapacité à le démontrer. Ces rapports 

démontrent très clairement que l'atteinte cérébelleuse induit des troubles importants de 

coordination motrice (Holmes, 1917; articles # la et 6a de l'appendice I), mais en aucun 

temps il est possible de démontrer que les animaux atteints sont incapables d'apprendre une 

tâche motrice. Le problème est qu'aucune de ces nouvelles souches de souris n'arrive à 

atteindre ne serait-ce que les niveaux de bases requis pour réaliser une acquisition motrice. 

Ainsi, les déficits de coordination motrice viennent empêcher toute évaluation 

d'apprentissage. 

Une façon simple mais efficace de dissocier l'aspect coordination motrice de 

l'apprentissage réel est l'étude des courbes graphiques. Un animal incapable d'apprendre ou 

incapable de démontrer ses capacités produira une courbe d'apprentissage reflétant un effet 

plancher. Son incapacité motrice empêchera a priori toute amélioration de la performance en 

fonction des essais. Dans ce cas (et c'est ce que l'on observe chez les "knock-out"), il est 

impossible de dissocier un trouble de coordination motrice d'un trouble d'apprentissage 

moteur; ce qui indique que la tâche utilisée est trop difficile pour les animaux expérimentaux. 
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En revanche, une tâche trop facile aura l'effet contraire; c'est-à-dire un effet plafond reflétant 

l'absence de toute opportunité d'apprentissage du fait d'une performance au départ optimale. 

Il est cependant très difficile d'obtenir des courbes parallèles d'apprentissage moteur 

complexe entre un groupe contrôle et un groupe lésé du cervelet. Néanmoins, si ce dernier 

parvient à offrir une performance asymptotique égale à celle des groupes contrôles, quoique 

plus tardive, il est possible de conclure à un réel retard d'apprentissage. En outre, si le 

plateau de la courbe d'apprentissage des sujets expérimentaux se situe à un niveau moindre 

que celui atteint par les sujets contrôles, il est impossible d'en déterminer la raison. Ces 

plateaux de différents niveaux peuvent être le reflet d'une performance exigée au début de 

l'apprentissage trop proche de la performance optimale pouvant être générée par le groupe 

expérimental. Ils peuvent également être le reflet d'un réel déficit d'apprentissage, mais 

limité aux phases terminales. Dès lors, l'utilisation de différentes variantes d'un même test 

est suggérée, afin d'obtenir des courbes d'apprentissage comparables. L'étude #1 

présentée ici est un exemple de cette méthode, où le test du pont est présenté en version 

glissante et non-glissante selon le groupe d'animaux étudié. Ainsi, nous sommes parvenus à 

démontrer une capacité d'apprentissage malgré l'atteinte massive du système olivo-

cérébelleux. Cependant, les niveaux de performance de départ des deux groupes n'étaient 

pas comparables. L'utilisation d'une tâche dont les paramètres sont adaptés peut, pour cette 

raison, être souhaitable. Ainsi, lors de l'étude #4, le test du rotorod à 30 rpm a donné lieu à 

un effet plancher de la performance du groupe expérimental et le même test à 10 rpm a donné 

lieu à un effet plafond de la performance du groupe contrôle. Mais cet ajustement a permis 

l'obtention de niveaux de base similaires de la part des deux groupes et la démonstration 

d'un apprentissage moteur nouveau du groupe lésé. Cependant, il est souhaitable d'évaluer 

les capacité d'acquisition motrice des groupes jusqu'à l'obtention d'une asymptote, afin de 

déterminer si le groupe expérimental peut éventuellement atteindre le même niveau de 

performance que le groupe contrôle. Ainsi, le test du rotorod de l'étude #4 n'a pas été 

administré assez longtemps car le groupe contrôle n'a pas atteint d'asymptote. C'est 
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pourquoi le même test a été administré chez les rats avec lésions des noyaux dentelé pendant 

vingt jours au lieu de cinq lors de l'étude #5. La démonstration de capacités intactes 

d'acquisition motrice chez ces rats a ainsi été faite. L'absence d'interaction entre deux 

courbes permet aussi d'affirmer qu'un groupe expérimental est capable d'apprentissage, tel 

que cela a été le cas lors des études #2 et #5. Pour leur part, Gerlai et al. (1996) ont utilisé 

une approche très intéressante, où chaque animal débute l'apprentissage moteur selon son 

propre niveau de capacité motrice et l'augmentation de la difficulté est déterminée pour 

chacun en fonction d'un critère pré-établi. Ceci a permis de démontrer des capacités 

d'apprentissage moteur étonnantes chez les souris mutantes. 

L'étude des courbes d'apprentissage est donc appropriée lors d'études portant sur 

des sujets ayant des troubles de coordination motrice. L'analyse de régression a par 

exemple été judicieusement utilisée chez l'humain (Timman et al., 1996). Aucune de ces 

pratiques n'a été utilisée dans les études sur les souris "knock-out" (Aibai et al., 1994; 

Conquet et al., 1994; Kashiwabuchi, 1995; Chen et al., 1995). Donc, l'utilisation de ces 

souris a permis l'étude plus subtile et plus poussée du rôle cérébelleux dans l'établissement 

du réflexe conditionné de la paupière (RCP), mais n'a pas généré de résultats concluants 

quant au rôle du cervelet lors de l'apprentissage moteur. 

Par ailleurs, d'autres études animales ont plutôt démontré des capacité 

d'apprentissage moteur complexe malgré la lésion cérébelleuse. Lalonde (1994) a démontré 

la capacité des souris mutantes de type lurcher d'améliorer leur temps d'équilibre sur une 

plate-forme mobile, avec la même efficacité que les souris contrôles (courbes parallèles), 

malgré une dégénérescence cellulaire importante impliquant l'olive bulbaire, les cellules en 

grain et 80% des cellules de Purkinje. D'autres études ont confirmé que l'atrophie 

cérébelleuse n'empêche pas l'apprentissage de différentes tâches motrices complexes telles 

que le rotorod (Lalonde et al., 1995; Caston et al., 1995a). Les animaux de ces études ne 
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peuvent toutefois atteindre un niveau d'apprentissage (ou de performance) aussi élevé que 

les animaux contrôles et il est donc impossible de déterminer si le déficit en est un 

d'apprentissage ou d'exécution. D'autres apprentissages moteurs multi-articulaires tel que 

l'ascension d'un appareil ou d'une corde verticale ont aussi été possibles chez le mutant 

lurcher (Thifault et al., 1996). Les souris lurcher de l'étude #1 présentée ici ont également 

démontré d'importantes capacités d'acquisition motrice. Cependant, elles n'ont pu atteindre, 

encore une fois, un niveau aussi élevé de performance que les souris contrôles. La sévérité 

de l'ataxie est d'autant plus susceptible d'être faussement interprétée comme un trouble 

d'apprentissage qu'elle n'est pas correlée à ce dernier chez trois différents types de mutation 

(Lalonde et al., 1996). 

Étant donné la présence de nombreux troubles de coordination motrice chez les 

animaux mutants et afin de les dissocier de l'apprentissage moteur, des lésions chirurgicales 

ont été effectuées chez le rat. Les rats ayant subi l'ablation complète du cervelet sont en 

mesure d'apprendre la tâche du rotorod, sans toutefois atteindre des niveaux de performance 

semblables à ceux des sujets contrôles (Caston et al., 1995b). La lésion totale de l'olive 

inférieure, qui est le point d'origine de toutes les fibres grimpantes, n'empêche pas 

l'apprentissage du rotorod malgré de graves troubles de tremblements (Jones et al., 1995), à 

condition que la vitesse de rotation soit peu élevée (5 rpm, Rondi-Reig et al., 1996). Tel 

que présenté dans l'article #2, l'aspiration des parties médianes ou latérales du cervelet 

n'empêche ou même n'entrave pas les différentes acquisitions motrices. Le problème d'une 

asymptote obtenue à des niveaux différents est toujours présent à la suite de dommages 

importants, mais la lésion plus petite des noyaux fastigiaux n'entrave aucunement 

l'apprentissage complexe requis lors du test du pont (article #2). Le même type de lésions 

n'empêche pas mais ralentit l'apprentissage complexe requis lors d'une tâche oro-faciale 

(article #3). Enfin, des lésions limitées aux noyaux dentelés (article #5) n'entraînent pas de 

troubles de coordination motrice, ni de troubles d'apprentissage au rotorod. 
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Selon Lalonde (1994) : "the cerebellum participates in conditioned reflexes such as eye-

blink, vestibulo-ocular, and startled responses, but it remains to be determined whether 

cerebellar damage impairs the improvement in motor coordination that may occur in some 

tests with repeated measures" (p.351). A la lumière des résultats obtenus lors des études 

formant cette thèse, il semble que l'on puisse affirmer que le cervelet ne soit pas essentiel, 

nécessaire et suffisant à l'acquisition motrice. Des troubles lors des dernières phases d'un 

nouvel apprentissage peuvent cependant être présents. 

Sans y être essentiel, le cervelet semble effectivement impliqué lors des phases 

terminales d'apprentissages moteurs, lorsque la spécialisation et l'automatisation de 

l'acquisition entrent en jeu. En effet, il est notoire que plusieurs études présentées dans le 

cadre de cette thèse, ou citées ici, rapportent soit un ralentissement de l'apprentissage, soit 

l'atteinte prématurée de l'asymptote de la courbe d'apprentissage chez des sujets cérébelleux. 

Il est vrai que ces déficits peuvent autant être dûs à un trouble d'apprentissage qu'à un 

trouble de coordination; mais certains indices permettent de soupçonner un apport indirect du 

cervelet à l'apprentissage complexe per se. Ainsi, Black et al. (1990) ont démontré chez le 

rat adulte qu'un entraînement dans une tâche de courses à obstacles comprenant des cordes, 

des échelles, des chaînes et des barres parallèles, entraîne une augmentation du nombre de 

synapses par cellules de Purkinje. Ils ont démontré que l'apprentissage est essentiel à 

l'augmentation du nombre de synapses (et non l'inverse) car le fait de courir dans une roue 

ou de parcourir le même labyrinthe sans obstacle n'induit pas de synaptogénèse mais plutôt 

une angiogénèse. La synaptogénèse est le reflet de l'augmentation du nombre de synapses 

par neurone au niveau de la jonction entre les fibres parallèles et les cellules de Purkinje 

(Kleim et al, 1994). Elle ne se retrouve pas au niveau des noyaux latéraux mais plutôt 

interposés (Kleim et al., 1996) et elle est toujours présente sans entraînement subséquent, 

pour une période d'au moins 28 jours (Kleim et al., 1997). 
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Chez le chat, un apprentissage moteur complexe consistant à atteindre avec une patte 

et diriger d'une façon particulière un manipulandum, provoque une modulation des cellules 

nucléiques cérébelleuses qui est spécifique à cet apprentissage. Fait intéressant, ces cellules 

sont particulièrement activent lorsque l'animal maîtrise très bien la tâche pour la toute 

première fois (Bloedel et al., 1993; Milak et al., 1995). De plus, et en accord avec nos 

résultats, les animaux lésés des noyaux cérébelleux parviennent tout de même à apprendre 

cette tâche (Shimansky et al., 1994; Bloedel & Bracha, 1995). Dans certains cas, les 

animaux lésés parviennent à réaliser la tâche aussi bien que les animaux contrôles en utilisant 

différentes stratégies. Les auteurs concluent que le cervelet joue un rôle dans l'élaboration 

de la performance motrice optimale, rendant ainsi le comportement moteur le plus adapté 

possible, mais l'acquisition générale de celui-ci ne nécessite pas l'intégrité cérébelleuse 

(Bloedel et al., 1996). 

2.2 Apprentissage moteur et dépression synaptique à long terme 

Bien que ne faisant pas partie des processus d'intérêt de nos études, il semble que la 

DLT soit bel et bien associée à l'établissement du réflexe conditionné de la paupière et 

qu'effectivement le cervelet soit essentiel à ce type d'apprentissage associatif (Chen et al., 

1996). Cependant, il n'est pas établi qu'un tel lien existe entre la DLT et l'acquisition d'une 

conduite motrice complexe. Nous ne nous y sommes pas attardés expérimentalement, mais 

le phénomène doit être souligné. La première étude qui a permis de mettre sérieusement en 

doute ce lien est celle de Ojakanjas et Ebner (1992). Dans cette étude, l'apprentissage 

impliqué dans un changement de relation entre une mannette de jeu et un curseur vidéo 

n'entraîne pas de relation causale entre l'activation des fibres grimpantes (inhérente au 

changement) et le type de réponse subséquente des cellules de Purkinje. Cet apprentissage a 

été réalisé de concert avec l'activation des cellules cérébelleuses et les auteurs concluent à un 

rôle du cervelet lors de la phase de perfectionnement d'un apprentissage moteur complexe. 

Plus récemment, le lien DLT-apprentissage moteur a été infirmé par la dernière née de la 
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série d'études portant sur les souris de type knock-out. Shibuki et al. (1996) montrent que 

chez ces souris, l'établissement d'une trace neuronale est impossible au sein du cervelet et le 

conditionnement classique de la paupière est également empêché. Mais ces souris ont des 

capacités d'apprentissage de tâches motrices nouvelles et multi-articulaires égales à celles des 

souris contrôles. Cette étude démontre très bien l'absence de liens entre la DLT et 

l'acquisition motrice. Le phénomène de DLT peut cependant être nécessaire à la phase de 

raffinement de l'apprentisage moteur et à l'adaptation motrice, mais il semble que l'intégrité 

cérébelleuse ne soit pas préalable à l'acquisition d'un comportement moteur nouveau et 

complexe. 

2.3 Apprentissage moteur complexe chez l'humain 

Chez l'humain, les études ayant mesuré la capacité de patients à apprendre une 

nouvelle conduite motrice sont en fait quasi inexistantes. Timman et al. (1996) rapportent, 

néanmoins, une amélioration hautement significative de patients cérébelleux lors d'une tâche 

de dessins bi-dimensionels de formes irrégulières. Au contraire, Deuschl et al (1996) 

concluent à un trouble d'adaptation motrice chez des patients cérébelleux lors d'une tâche 

impliquant la poursuite d'une cible vidéo par des mouvements du bras. Les études utilisant 

des techniques d'imagerie cérébrale (presqu'exclusivement la scanographie de type PET) 

sont quant à elles contradictoires. Schlaug et al. (1994) observent une activation 

cérébelleuse lors de l'apprentissage d'une séquence motrice d'opposition entre les doigts et 

le pouce d'une main. De plus, cette étude souligne la présence d'importantes différences 

individuelles. En revanche, Friston et al. (1992) rapportent l'inverse, c'est-à-dire une 

hypoactivation cérébelleuse à la fin du même apprentissage. Utilisant un autre type de tâche 

impliquant l'acquisition d'une séquence, la tâche des temps de réaction sériels (Nissen et 

Bullemer, 1987), Jenkins et al. (1994) observent une activation cérébelleuse tout au long du 

processus d'apprentissage, mais celle-ci est plus prononcée au début. Les mêmes analyses 

de Grafton et al. (1995) ne démontrent pas d'activation du cervelet; alors que celles de 
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Doyon et al. (1996) montrent une activation cérébelleuse lors de la phase terminale de 

l'apprentissage. Ces résultats divergent pour plusieurs raisons. Certains paradigmes ne 

contrôlent pas la fréquence des mouvements générés; ainsi, un apprentissage donnant lieu à 

une plus grande efficacité et rapidité des mouvements donnera nécessairement lieu à une 

augmentation de l'activation cérébelleuse. De plus, d'autres paradigmes nécessitent non 

seulement l'apprentissage d'une séquence, mais aussi une amélioration de la performance 

motrice. Alors que certaines tâches motrices impliquent l'apprentissage d'une séquence du 

même mouvement, d'autres contiennent un nouvel apprentissage moteur ne nécessitant pas 

de séquence particulière. Un autre point important est l'établissement d'un niveau 

d'activation : certaines études utilisent l'activation au repos alors que d'autres utilisent une 

version perceptive de la même tâche. L'activation différentielle n'est pas aussi grande dans 

les deux conditions et l'interprétation diffère également. Enfin, plusieurs conditions 

inhérentes aux nouvelles techniques, telles que la méthode employée, la façon exacte de 

visualiser le cervelet et les analyses statistiques utilisées peuvent être à l'origine de résultats 

divergents (Jenkins et Frackowiak, 1993). Ces techniques sont relativement récentes et 

d'autres études comparables devront être entreprises avant d'espérer l'obtention d'un 

consensus. 

2.4 Cervelet et apprentissage moteur: intégration 

2.4.1 Rappel des résultats 

L'importance du cervelet dans l'élaboration de tâches motrices impliquant des 

réflexes est confirmée. Ainsi, l'adaptation du RVO et le CCP peuvent être considérés comme 

des conduites dont l'exécution optimale dépend de l'intégrité cérébelleuse. Cependant, le 

conditionnement classique ne fait pas selon nous partie d'un apprentissage moteur mais 

plutôt d'un apprentissage associatif se traduisant par une réponse motrice non apprise. 

Quant aux conduites motrices plus complexes, nécessitant une excellente coordination visuo-

motrice, les résultats divergent. Alors que les paradigmes utilisant la poursuite manuelle 
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d'un curseur vidéo implique constamment un apport cérébelleux, ceux nécessitant la 

poursuite manuelle directe d'une cible rotative ne le font pas. De plus, alors qu'une 

multitude de tâches motrices complexes impliquant le mouvement du corps entier peuvent ne 

pas nécessité la présence d'un cervelet sain (études #4 et 5), d'autres tâches motrices moins 

complexes entraînent une importante activation des cellules corticales cérébelleuses. Une 

définition de l'apprentissage moteur permettrait d'unifier l'ensemble de ces résultats. 

2.4.2 Unification des résultats 

L'ensemble des données obtenues chez l'animal ou chez l'humain ne permet pas de 

confirmer les théories voulant que le cervelet soit essentiel, nécessaire et suffisant pour 

l'apprentissage moteur complexe. Ces résultats permettent même, par extension, d'affirmer 

que la trace mnésique inhérente à l'apprentissage moteur ne réside pas exclusivement au sein 

du cervelet. L'unification des résultats sur le rôle du cervelet dans l'apprentissage moteur 

est possible à la lumière de la définition de l'apprentissage moteur de Adam (Hallett et al., 

1996), rapportée en introduction. Il y a apprentissage moteur non seulement lors d'une 

acquisition motrice, mais aussi lors d'une adaptation motrice. Ainsi, lorsqu'un sujet maîtrise 

une tâche motrice, il démontre son acquisition motrice; mais lorsque des paramètres de la 

tâche ou de l'environnement changent, le sujet doit s'adapter afin d'exécuter la conduite 

motrice de façon aussi efficace. 

On remarquera que tout apprentissage moteur empêché lors de l'atteinte cérébelleuse 

répond aux critères de l'adaptation motrice. L'inverse est également vrai pour toutes les 

tâches dont l'apprentissage est peu ou pas empêché, elles font partie de la classe des 

acquisitions motrices. Or, les études sur lesquelles se basent les théories impliquant le 

cervelet dans l'apprentissage moteur portent précisément sur l'adaptation motrice (Lalonde et 

Botez, 1990 et l'article #6). Par exemple, lors d'une tâche de compensation de charge, le 

singe démontre une capacité à s'adapter au changement de paramètre. L'acquisition de la 
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conduite motrice était déjà faite dans ce cas. Ce type d'études n'implique pas de 

comportements moteurs complexes, qui exigent la coordination de plusieurs mouvements et 

de plusieurs articulations, tel que l'exige l'acquisition volontaire d'une nouvelle conduite 

motrice. 

Certaines de nos études rapportent non pas l'absence d'une acquisition motrice, mais 

un ralentissement de l'apprentissage, (articles #1, 2, 4) ou, à tout le moins, l'absence de 

raffinement, de précision ou d'automatisation du mouvement à la suite de l'entraînement. A 

ce stade-ci cependant, il est malaisé de déterminer si ces animaux sont incapables d'atteindre 

une telle mélodie cinétique à cause du disfonctionnement cérébelleux ou du 

disfonctionnement périphérique. Il n'en reste pas moins que l'hypothèse voulant que le 

cervelet intervienne lors du perfectionnement d'une acquisition motrice, et donc à la fin de 

l'apprentissage, soit corroborée par nos différentes études. Les résultats présentés ici ceux 

de Harvey et Welsh (1996), permettent d'affirmer que la lésion cérébelleuse n'empêche pas 

l'acquisition d'une nouvelle conduite motrice. Cependant, une zone grise demeure, soit 

l'interprétation des résultats obtenus chez l'humain sain par imagerie cérébrale. Dans le cas 

de la tâche des temps de réaction sériels, trois études différentes ont donné lieu à trois 

interprétations différentes. Du fait de la nouveauté de ces techniques, il est impossible 

présentement d'émettre quelqu'hypothèse que se soit. Néanmoins, il est important de 

souligner le fait que ces études s'intéressent généralement au substrat anatomique de la 

mémoire procédurale en général et non à l'étude de l'apprentissage moteur en particulier. 

Ainsi, l'apprentissage implicite de séquences y est commun, sans implication de 

l'acquisition d'une conduite motrice en tant que telle. La section suivante a pour but de 

situer les différents types apprentissages moteurs dans le cadre plus général des 

apprentissages procéduraux. 
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2.4.3 Cervelet et mémoire non-déclarative 

L'apprentissage moteur est une forme d'apprentissage de type non-déclaratif 

(Squire, 1992) ou implicite, en ce sens qu'il s'acquiert, d'essai en essai, sans que le sujet en 

soi nécessairement conscient. Le cervelet est essentiel, ou à tout le moins hautement 

impliqué dans ce type d'apprentissage (Salmon & Butters, 1995), mais il semble que 

certaines réserves s'imposent. Premièrement, les régions de l'encéphale directement 

impliquées dans l'apprentissage dit non-déclaratif sont largement inconnues (Doyon et al., 

1996). De plus, la définition même de ce type d'apprentissage est susceptible de changer, 

d'évoluer et de se préciser avec les nouvelles données. Ainsi, on a longtemps considéré que 

tout apprentissage non-déclaratif est procédural (acquisition d'une procédure), ce qui inclut 

notamment le conditionnement classique, l'apprentissage associatif non-Pavlovien et 

l'acquisition d'habiletés (Squire, 1987). Alors qu'actuellement seulement l'acquisition 

d'habiletés et leur adaptation sont véritablement considérées comme procédurales (Squire, 

1992). De plus, des sous-groupes d'habiletés ont été formés: une habileté peut ainsi être de 

type motrice (v.g. poursuite manuelle d'une cible visuelle mobile), perceptive (v.g. lecture 

en miroir) ou cognitive (v.g. planification des mouvements de la tour d'Hanoï). Donc, il 

semble prématuré d'affirmer que le cervelet est essentiel à l'apprentissage non-déclaratif, 

puisque celui-ci englobe plusieurs types d'apprentissages différents. 

Il est vrai que le cervelet est essentiel à l'établissement d'un conditionnement 

classique impliquant le réflexe d'un muscle squelettique (Solomon et al, 1989, Daum et al., 

1993). Le cervelet a aussi été impliqué dans diverses habiletés perceptives chez l'humain, 

telle que la lecture en miroir (Fiez et al., 1994), des habiletés cognitives tel que mesurées par 

les problèmes de la tour d'Hanoï (Grafman et al., 1992) ou de Toronto (Fiez et al., 1992). 

Les troubles d'apprentissages associatifs arbitraires sont souvent décrits chez les patients 

cérébelleux (Bracke-Tolkmitt et al., 1989; Akshoomoff et al., 1992; Fiez et al., 1992; 

Canavan et al., 1994). Des résultats négatifs ont aussi été rapportés, notamment lors des 
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tests de complètement de figures ou de mots fragmentés (Appolonio et al., 1993), de la 

lecture en miroir et de la tour d'Hanoï (Daum et al., 1993). Le voile commence seulement à 

se lever sur le fonctionnement de ces processus non-déclaratifs et les conclusions ne sont 

pas homogènes. 

En ce qui concerne la classe particulière des habiletés motrices, on la considère 

aujourd'hui comme un tout unifié, dont l'établissement dépend directement de l'intégrité 

cérébelleuse (Schmahmann, 1997). Certaines précisions devront sans nul doute être 

apportées. Les habiletés motrices telles que l'adaptation motrice requise lors du dessin en 

miroir (Sanes et al., 1990) et l'apprentissage de séquences semblent concerner directement le 

cervelet (Friston et al., 1992; Pacual-Leone et al., 1993; Jenkins et al., 1994; Doyon et al., 

1996). Mais il est probable qu'il faille dissocier davantage les différents types d'habiletés et 

préciser leur nature. Par exemple, l'apprentissage de séquences est évalué par une multitude 

de tâches différentes, dont la séquence est initiallement inconnue (Pacual-Leone et al., 1993, 

Doyon et al.,1996) ou connue (Inhoff et al., 1989) du sujet. Il est également probable qu'il 

faille dissocier l'apprentissage d'une séquence de mouvements différents et nouveaux 

(Friston et al., 1992) de l'apprentissage d'une séquence différente des mêmes mouvements 

(Pascual-Leone et al., 1993; Doyon et al., 1996). Enfin, la production de séquences innées 

de toilettage chez l'animal, bien que compromise par la lésion du striatum (Berridge & 

Whishaw, 1992) ne l'est pas à la suite de l'atteinte fastigiale (article #4). Il se peut que le 

cervelet intervienne différemment dans la génèse des séquences selon qu'elles soient 

apprises ou non, mais chose certaine. les noyaux fastigiaux ne semblent pas impliqués (Ivry 

et al., 1988; Doyon et al., 1996; article #4). Les résultats présentés supposent un 

raffinement de la classe entière des habiletés motrices. L'adaptation motrice, l'apprentissage 

d'une séquence motrice et l'acquisition d'une nouvelle conduite motrice sont toutes 

considérées sur le même pied, en tant qu'habiletés motrices, obtenues par l'entremise d'un 



158 

apprentissage non-déclaratif et à la suite d'un apport cérébelleux, ce qui n'est peut-être pas 

réellement le cas. 

En ce qui à trait au rôle du cervelet dans l'apprentissage moteur complexe et nouveau 

chez l'humain, une seule étude a été effectuée et ce, à l'aide d'une technique d'imagerie 

cérébrale lors de l'apprentissage de la tâche de poursuite visuo-manuelle et elle ne rapporte 

pas d'activation cérébelleuse (Grafton et al., 1992). Chez l'animal, toute acquisition d'une 

conduite motrice complexe est possible malgré l'atteinte du cervelet. En revanche, toutes les 

tâches d'adaptation motrice effectuées dans le contexte cérébelleux ont été compromises par 

la lésion du cervelet, autant chez l'humain que chez l'animal. Enfin, la majorité des tâches 

impliquant l'apprentissage de séquences ne nécessite pas la génèse d'une conduite motrice 

complexe (p.ex. peser de façon répétée sur une ou quatre touches d'ordinateur), ce qui est 

très différent de l'acquisition d'une conduite motrice. Il semble donc que la dissociation 

entre adaptation et acquisition motrice soit pertinente, mais aussi la distinction entre cette 

dernière et l'apprentissage de séquences. A ce jour, ces dissociations rendent compte de 

tous les résultats recensés et convergent vers la conclusion que le cervelet n'est pas essentiel 

à l'acquisition de certaines habiletés motrices. 

Un autre type d'apprentissage non-déclaratif est l'apprentissage associatif 

instrumental. Tel que mentionné en introduction, les résultats concernant cette classe de 

tâches sont non seulement très rares dans les études cérébelleuses, mais aussi très 

divergents. Les résultats de l'article #4 montrent que des lésions bilatérales des noyaux 

fastigiaux n'empêchent pas l'apprentissage de la tâche aversive d'évitement actif, bien que 

cette version soit plus difficile que celle utilisée par Schneiderman Fish et al. (1979) qui a 

donné lieu à d'importants déficits chez des rats atteints de lésions similaires. Mais deux 

études seulement ne permettent pas de tirer de conclusions. De plus, ces deux études 

diffèrent, si ce n'est que pour l'intensité des chocs utilisée. La discrimination visuelle est 
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un autre type d'apprentissage procédural. Une nouvelle version aquatique a été présentée, 

n'entraînant pas de déficit chez le rat malgré des lésions latérales (article #2). Cependant, les 

souris lurcher sont déficientes au même test (article #5a de l'appendice I). Il demeure 

possible que les régions du tronc cérébral atteintes chez la lurcher soient nécessaires à cet 

apprentissage. 

Il semble donc que tout apprentissage non-déclaratif ne soit pas nécessairement 

empêché ou affecté par la lésion cérébelleuse. Ainsi, l'acquisition motrice doit être dissociée 

de l'adaptation motrice, qui doit elle-même être dissociée du réflexe conditionné, pourtant 

tous sont considérés comme des apprentissages de type procéduraux (Squire, 1987). Quant 

à l'apprentissage associatif non-réflexe, peu d'études ont été effectuées chez l'animal et les 

résultats différent selon le type de conditionnement utilisé et l'étendue des lésions 

(Schneiderman Fish et al., 1979; Dahhaoui et al., 1994; Le Marec et al., 1997; article #4 

pour un conditionnement aversif; articles #2 et #5a de l'appendice I pour la discrimination 

visuel le). 

2.4.4 Place du cervelet dans l'apprentissage moteur complexe 

Le type particulier d'apprentissage procédural ayant fait l'objet des études formant 

cette thèse est l'acquisition d'une nouvelle conduite motrice. Ce type d'acquisition est donc 

possible, quoique parfois incomplet, à la suite de différentes lésions cérébelleuses. Cet état 

de fait s'explique dans la mesure où la lésion de structures extra-cérébelleuses affecte de 

façon substantielle l'apprentissage procédural. En fait, le néo-striatum (noyau caudé et 

putamen) est impliqué non seulement dans plusieurs types d'apprentissages procéduraux 

pour lesquels le cervelet joue également un rôle (Saint-Cyr et al., 1988; Saint-Cyr & Taylor, 

1992; Pacual-Leone et al., 1993; Graybiel, 1995), mais aussi lors d'un apprentissage 

moteur complexe (Nikkhah et al., 1993; Whishaw et al., 1994; Salmon & Butters, 1995). 

De plus, le cortex moteur, même primaire, n'est plus considéré comme impliqué seulement 
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dans la performance motrice, mais aussi dans l'apprentissage d'habiletés et l'acquisition de 

conduites motrices complexes (Pascual-Leone et al., 1994, 1995, 1996; Kami et al., 1995; 

Donohue et al., 1996; Hallet et al., 1996). Fait à noter, le cervelet et le striatum ont de 

multiples et importants liens neuronaux mutuels avec les différentes aires motrices, mais peu 

de liens entre eux (Divac, 1972; Sazaki, 1979; Ito, 1984; Middleton & Strick, 1994). Il se 

peut que les boucles striato-corticale et cérébello-corticale fonctionnent en parallèle et aient 

des rôles différents, complémentaires ou compensatoires lors d'apprentissage moteur 

(Goldman-Rakic, 1988; Alexander & Crutcher, 1990; Pascual-Leone et al., 1993; Salmon & 

Butters, 1995). 

La "potentialisation" à long terme (PLT) a été démontrée au sein des neurones du 

cortex moteur (Iriki et al., 1989). Ces cellules sont donc capables de plasticité à la suite 

d'une nouvelle expérience (Pascual-Leone et al., 1995). Le fait que la DLT ne soit pas 

nécessaire à l'acquisition motrice (Ojakandas & Ebner, 1992; Shibuki et al., 1996) et que la 

PLT corticale soit correlée à un apprentissage de type procédural (Pacual-Leone et al., 1994, 

1996) peut servir de bases anatomiques mais aussi théoriques pour expliquer nos résultats. 

Plusieurs études d'imagerie cérébrale ont aussi démontré l'activation des aires motrices 

primaires, pré-motrices et supplémentaires; non seulement lors de l'exécution motrice mais 

aussi lors d'un apprentissage moteur (p.ex. Kawashima et al., 1994; Schlaug et al., 1994; 

Jenkins et al., 1994). Des études lésionnelles animales ont également suggéré l'importance 

des aires corticales motrices dans l'acquisition motrice complexe (Pavlides et al., 1993; 

Tanji, 1994). Ainsi, au moins trois grandes régions cérébrales semblent être impliquées dans 

l'élaboration d'une nouvelle conduite motrice soit, le cervelet, le striatum et diverses aires 

motrices (Salmon & Butters, 1995). De plus, il semble que l'apport cortical ne soit essentiel 

que lors de l'établissement (phases initiales) d'un apprentissage moteur. (Pascual-Leone et 

al., 1994). Lorsque l'acquisition motrice est établie, la contribution du cortex moteur est 

atténuée et d'autres structures prennent la relève; incluant, vraisemblablement, le striatum et 
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le cervelet (Salmon et Butters, 1995). Ainsi, les études électrophysiologiques et lésionnelles 

chez le singe rapportent un rôle spécifique du cervelet dans l'apprentissage moteur volontaire 

et nouveau lorsque le mouvement devient rapide et habile (Sasaki & Gamba, 1982; Sasaki, 

1985; Ojakanja & Ebner, 1992, 1994). Une fois que l'apprentissage moteur complexe est 

établi de façon grossière (Bloedel & Bracha, 1993; Milak et al., 1995), le cervelet 

interviendrait afin de permettre une conduite affinée, souple, efficace et spécialisée. 

L'acquisition motrice, contrairement au réflexe conditionné, semble faire intervenir plusieurs 

régions cérébrales, notamment par l'activation de boucles cortico-sous-corticales. Cette 

activation sous-corticale serait par ailleurs spécifiquement requise lors des dernières étapes 

de l'apprentissage moteur. Ainsi, le fait de léser le cervelet avant cet apprentissage ne 

l'empêche pas, tel que nous l'avons observé lors des études présentées. De plus, le fait que 

l'apprentissage moteur complexe puisse être partiel, inachevé ou ne pas être du même niveau 

que celui atteint par des animaux contrôles à la suite de lésions cérébelleuses est susceptible 

d'appuyer cette hypothèse. Nos études ne permettent cependant pas de trancher la question, 

puisqu'elles n'ont pas été entreprises dans ce but. En outre, cette hypothèse fonctionnelle 

tient compte du fait qu'un animal lésé au cervelet soit capable d'acquérir une nouvelle 

conduite motrice, mais l'adaptation d'une conduite apprise peut être empêchée. Encore une 

fois, nos études ne comportent pas de tests d'adaptation motrice et ne peuvent donc 

confirmer ou infirmer cette hypothèse. Cependant, cette dernière tient compte de tous les 

résultats obtenus lors des travaux reliés aux nôtres et nous apparaît, présentement, comme la 

plus probable. Cette hypothèse n'est pas nouvelle; Brindley (1964) a déjà suggéré que 

l'acquisition d'une conduite nouvelle, telle que l'apprentissage du piano, débute de façon 

consciente et ne dépend à ce moment que du cortex cérébral. Une fois acquise, la conduite 

motrice peut être générée par le cervelet qui prend progressivement le contrôle de la 

perforrnance, la rendant perfectionnée. Enfin, cette hypothèse concorde avec celle de Eccles 

et al. (1967) émise elle aussi avant la publication des modèles théoriques (Marr, 1969; 

Albus, 1971) qui souriennent le rôle crucial du cervelet lors de l'acquisition motrice : "a 
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general movement command from higher brain centers leaves the details of the execution of 

the movement to subcortical, notably cerebellar control mechanisms". (p.135) Ce sont ces 

détails qui sont à la base d'une adaptation, et ce sont ces détails qui sont touchés par la lésion 

cérébelleuse. 

Plus récemment, Thach (1996) affirmait que "with the time and practice, the 

cerebellum largely controls the process, with little or no help from the cerebrum. The 

cerebrum and the conscious mind are free to think about other things. Control of the task 

has been shifted from a conscious cerebral cortical process to a subconscious one mostly 

under the control of the cerebellum" (p.413). Ainsi, sans l'apport d'un cervelet sain, une 

acquisition nouvelle est toujours possible, mais elle ne pourra atteindre un haut niveau de 

perfectionnement. De plus, l'adaptation motrice intervient lors du changement d'un 

paramètre entourant une conduite motrice apprise. Etant apprise et perfectionnée, cette 

conduite motrice serait sous l'emprise du cervelet, qui régulariserait les paramètres inhérents 

à la bonne exécution de la conduite motrice du fait de la DLT. Lors du changement d'un de 

ces paramètres, c'est donc le cervelet qui est directement sollicité, d'où la déficience 

adaptative résultant de la lésion cérébelleuse. Dans le même sens, Hallet (1996) a 

dernièrement souligné que lors d'un nouvel apprentissage moteur, la première étape est de 

comprendre les exigences de la tâche et de développer une stratégie générale ou un plan 

kinesthésique grossier permettant au moins une réponse appropriée. Cette étape 

correspondrait au "what to do" . Ensuite, il s'agit d'affiner le plan afin de produire une 

performance optimale, ce qui correspondrait au "how to do" . Ainsi, la nouvelle habileté 

requiert un nouveau plan moteur pouvant être obtenu grâce au processus de PLT du cortex 

moteur, alors que le perfectionnement serait obtenu par adaptation motrice, par l'entremise 

du cervelet et du processus de DLT. 
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2.4.5 Modèles théoriques récents 

Très peu de modèles théoriques ont été proposés pour expliquer le rôle que pourrait 

tenir le cervelet dans l'apprentissage moteur. La figure de proue dans ce domaine est Masao 

Ito. La régularité micro-structurale du cortex cérébelleux et la convergence anatomique des 

fibres grimpantes et moussues sur les cellules de Purkinje sont à la base du modèle de Ito 

(1990, 1993). Selon ce modèle, le cervelet est une suite de micro-complexes, chacun formé 

d'une zone corticale cérébelleuse circonscrite et de certaines cellules du noyau cérébelleux 

sous-jacent. Ces micro-complexes représentent les modules fonctionnels de base, en tant 

que "contrôleurs adaptatifs", dirigés par la plasticité synaptique des cellules de Purkinje qui 

est le reflet des signaux d'erreurs envoyés par le système effecteur relié à un micro-complexe 

particulier. Ces micro-complexes seraient à la base des arcs réflexes, des mouvements 

volontaires et même des systèmes corticaux impliqués dans les habiletés cognitives. Nos 

résultats ne s'accordent que partiellement avec ce modèle. S'il est probable que la plasticité 

corticale cérébelleuse soit à la base de l'établissement d'un réflexe conditionné et que la 

lésion cérébelleuse empêche l'adaptation motrice, on ne peut affirmer qu'elle est essentielle à 

l'apprentissage d'un mouvement volontaire nouveau. Cependant, Ito (1993) a aussi soulevé 

la possibilité que "le cervelet soit particulièrement utile aux réflexes et aux mouvements 

volontaires lorsqu'une adaptation est exigée à la suite d'un changement de l'environnement". 

3- Cervelet et processus cognitifs 

La neuropsychologie cérébelleuse est un concept nouveau et en pleine émergence 

(Daum & Ackermann, 1995; Leiner et al., 1995; Schmahmann, 1996; Thach, 1996 pour des 

revues récentes de la littérature). Les études cliniques concernant des patients cérébelleux 

présentant des troubles de la sphère cognitive sont de plus en plus nombreuses et de moins 

en moins anecdotiques. Ainsi, le concept d'une neuropsychologie du cervelet justifie la 

mise sur pied d'études expérimentales ayant pour but de le vérifier. 
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Le second grand but de cette thèse était donc de déterminer les effets de différentes 

lésions cérébelleuses sur la capacité de s'orienter dans l'espace chez le rongeur. Il a été 

notamment démontré que des lésions de la partie médiane ou des parties latérales du cervelet, 

ainsi que des lésions limitées aux noyaux fastigiaux ou latéraux entraînent une augmentation 

de la distance parcourue par les animaux atteints lorsqu'ils tentent de retrouver un endroit 

préalablement visité. Ces mêmes animaux ont également des scores diminués au test de 

l'alternance spontanée, considéré comme étant une mesure de la mémoire spatiale. 

7.1 Cervelet et habiletés visuo-spatiales 

Tel que mentionné en introduction, il semble que les patients cérébelleux soient 

susceptibles de présenter des troubles d'ordre cognitif ressemblant à ceux rencontrés chez 

des patients cérébrolésés pariétaux ou frontaux. Les patients cérébelleux présentent, 

notamment, des déficits de l'organisation visuo-spatiale (Fehrenback et al., 1984, Botez et 

al., 1985, 1989; Bracke-Tolkmitt et al.,1989; El-Awar et al., 1991; Hirono et al., 1991; 

Canavan et al., 1994; Botez-Marquard et al., 1993, 1996) et de manipulation mentale de 

l'espace tri-dimentionel (Wallesh & Horn, 1990). En contre-partie, il semble que même 

l'utilisation d'un grand nombre de sujets ne permet pas de conclure à des troubles de 

mémoire spatiale (Marquart-Botez & Botez, 1993), contrairement à ce que Schmahmann 

(1996) affirme. Canavan et al. (1994) ont observé des troubles de rappel immédiat de 

dessins abstraits et de figures géométriques sans trouble de mémoire à long terme chez des 

patients cérébelleux, ce que Botez et al. (1985) soutiennent depuis quelques temps. Ce 

concept est encore très mal défini et non établi. Des résultats négatifs sont rapportés 

(Appolonio et al., 1993; Kish et al., 1994). Comme le faisaient remarquer Daum et al. 

(1993), il est particulièrement rare de rencontrer un patient dont la lésion est uniquement 

cérébelleuse et bilatérale; la formation d'un groupe de tels patients l'est d'autant plus. Ce qui 

explique les études de cas (Fiez et al. 1992), la formation de groupes de patients provenant 

de divers pays (Ivry et al., 1988), ou l'étude de patients atteints de lésions dépassant la 
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circonscription cérébelleuse (p.ex. Botez et al., 1989). C'est aussi pour cela que plusieurs 

questions demeurent en suspens quant à un apport direct du cervelet. Dernièrement, Botez-

Marquard et al. (1996) ont utilisé une méthode différente afin de contourner ce problème. 

Ils ont correlé les déficits cognitifs observés chez des patients (n=32) atteints d'atrophie 

olivo-ponto-cérébelleuse, plus faciles à regrouper que des patients cérébelleux, avec le degré 

d'atteinte cérébelleuse tel que déterminé par cinq mesures neuro-radiologiques. Ils ont ainsi 

pu confirmer que l'ampleur des troubles cognitifs dont sont victimes ces patients est 

effectivement corrélée avec l'ampleur de l'atteinte cérébelleuse. 

Malgré les difficultés inhérentes à ce type de travaux, les études cliniques publiées 

lors des dix dernières années ont fait ressortir un ensemble cohérent de déficits cognitifs. Il 

semble qu'ils soient souvent de même nature que ceux rencontrés lors de certaines lésions 

corticales, qu'ils soient moins importants ou moins graves que ces derniers et qu'ils ne 

touchent pas de manière notable les facultés mnésiques (Botez, 1992; Botez-Marquard et al., 

1996). 

3.2 Orientation spatiale et lésions cérébelleuses chez l'animal 

Bien que représentant une alternative aux problèmes inhérents à l'étude de l'humain 

cérébelleux et souhaité depuis nombre d'années (Lalonde & Botez, 1990), l'utilisation 

d'animaux est peu fréquente dans ce domaine de recherche (voir article #6). Ces dernières 

années, quelques behavioristes n'ont plus été uniquement préoccupés par l'aspect moteur 

des troubles cérébelleux (Le Marec et al., 1997; Petrosini et al.,1996; Lalonde et al., 1996; 

articles #8 et 11). La tâche d'orientation spatiale la plus utilisée chez le rongeur est, et de 

loin, le test du labyrinthe aquatique de Morris (Morris et al., 1982). Elle offre plusieurs 

avantages, dont celui de ne pas nécessiter l'administration de chocs ou le retrait de 

nourriture, en plus de ne pas être excessivement sensible aux troubles de coordination 

motrice. Cette tâche requiert de la part de l'animal qu'il reconnaisse d'un essai à l'autre des 



166 

indices visuels environnementaux immuables, afin de permettre l'établissement entre eux de 

liens spatiaux le rendant apte à retrouver une plate-forme submergée dans de l'eau opaque. 

Les animaux ne peuvent ainsi simplement se fier à une trajectoire particulière qu'ils re-

empruntent de façon répétée (stratégie praxique), ou sur un indice prégnant particulier qui 

leur servirait d'essai en essai (stratégie taxique). La maîtrise de cette tâche est généralement 

obtenue en moins de quatre essais chez les animaux contrôles (Morris et al., 1981; Kolb et 

al., 1983). De plus, en élevant la plate-forme au-dessus de l'eau, on la rend visible, ce qui 

permet la mesure des capacités de navigation et des habiletés visuo-spatiales de chaque 

animal. Fait intéressant, on sait déjà que la lésion des aires corticales pré-centrales (Kolb et 

al., 1983), post-centrales (DiMattia & Kesner, 1988) ou de l'hippocampe (Morris et al., 

1982) entraîne des déficits à cette tâche chez le rat. 

Tel que mentionné dans la section introduction, les premières études intéressées à 

l'évaluation des effets des lésions du circuit cérébelleux chez l'animal ont été faites sur 

différentes mutations naturelles cérébelleuses (Lalonde & Botez, 1990; Goodlett et al., 1992; 

Lalonde, 1994b). Cependant, la majorité de ces études a été effectuée à l'aide d'une piscine 

très petite, toute proportion gardée, ce qui a pu masquer de possibles troubles natatoires 

pouvant être occasionnés par l'importante dégénérescence cellulaire dont sont victimes ces 

souris. Mais surtout, ces études ne permettent pas de déterminer le rôle du cervelet en tant 

que tel, puisque les lésions dont sont atteints ces souris touchent plusieurs autres régions. 

Mis-à-part les études présentés dans le cadre de cette thèse, seulement deux ont 

mesuré l'effet des lésions uniquement cérébelleuses sur l'acquisition de la tâche aquatique de 

Morris. Petrosini et al. (1996) rapportent, en premier lieu, le fait que les rats 

hémicérébellectomisés sont beaucoup moins efficaces que les rats contrôles pour retrouver la 

plate-forme invisible. Mais ce type de lésion, en plus d'être unilatéral, entraîne de nombreux 

troubles moteurs pouvant nuire à l'exploration environnementale. D'ailleurs, ces rats sont 
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incapables de trouver la plate-forme lorsqu'elle est hautement visible et ce, malgré une 

position de départ constante. C'est donc dire qu'en ayant la possibilité de voir la plate-forme 

et ce, d'un angle et d'une position constants d'un essai à l'autre, ces animaux ne s'y rendent 

pas aussi rapidement que les contrôles. Qui plus est, ils ne s'y rendent même pas lors de 

50% des essais, malgré qu'on leur accordait 120 secondes par essai; ce qui est deux fois 

plus qu'à l'accoutumée. Des troubles visuo-moteurs ou de motivation peuvent être 

responsables de ces résultats. Par contre, Petrosini et al. (1996) ont subséquemment 

démontré que si l'hémicérébellectomie est effectuée après l'acquisition de la tâche, les 

animaux parviennent à trouver la plate-forme visible et même invisible, aussi efficacement 

que les animaux contrôles, ce qui a permis de conclure à une véritable implication 

cérébelleuse lors des processus d'apprentissage non-moteurs. Il n'en demeure pas moins 

que ces résultats sont plutôt inusités et difficilement interprétables. Des lésions plus 

subtiles, qui n'entraînent pas de déficits visuo-moteurs, à tout le moins aussi flagrants, sont 

préférables. 

C'est ce que Le Marec et al. ( l 997) ont fait, en empêchant la viabilité des cellules en 

grains de rats nouveau-nés par la diffusion post-natale de rayons-X. Ce type d'irradiation 

touche exclusivement les fibres visées (Mariani et al., 1990) et dans le cas présent, on s'en 

est tenu au cortex cérébelleux, ce qui permet une étude sans équivoque. L'irradiation 

granulaire n'a pas empêché les rats atteints d'apprendre la tâche aquatique de Morris, mais le 

taux d'apprentissage a été conséquemment diminué. Le problème majeur avec cette étude, 

outre le fait que l'histologie a seulement été faite dans 45% des cas, est que la seule variable 

dépendante est le temps requis par les animaux pour retrouver la plate-forme invisible. On 

rapporte ainsi que les rats irradiés mettent plus de temps pour trouver la plate-forme, ce qui 

prouve qu'ils souffrent de troubles d'orientation spatiale. Il se peut, cependant, que ces 

animaux n'aient pas soufferts de tels troubles, mais qu'ils aient simplement été ralentis par 

leurs lésions. De telle sorte qu'un animal éprouvant des difficultés natatoires, mais capable 
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de se diriger directement et sans erreur vers la plate-forme sera jugé comme souffrant de 

troubles d'orientation. A l'opposé, si un rat est incapable de trouver la plate-forme sur la 

seule base des indices spatiaux présents autour de la piscine, mais qu'il développe une 

stratégie praxique consistant à tourner en rond rapidement jusqu'à ce qu'il rencontre par 

hasard la plate-forme, on considérera sa performance normale (puisque l'unique variable 

dépendante est le temps). 	L'inclusion d'une seconde variable dépendante, la distance 

parcourue, est toujours souhaitable. 

3.3 Discussion relative aux résultats obtenus lors des études formant la présente thèse 

Les seules autres études concernant les effets de lésions cérébelleuses sur les 

capacités d'orientation spatiale chez le rat sont présentées dans les articles # 2, 4 et 5. Ces 

études visaient à induire des lésions cérébelleuses plus ciblées, touchant d'une part les 

hémisphères cérébelleux ou le vermis et d'autre part, les noyaux fastigiaux ou latéraux. 

Dans le cadre de ces études, deux nouvelles mesures ont été instaurées dans le but de vérifier 

l'absence de troubles moteurs ou visuo-moteurs. Premièrement, la distance relative 

parcourue (mesurée en terme de cadrans franchis) a été prise en compte, ainsi que le temps 

requis pour retrouver la plate-forme. De telle sorte que, lorsqu'un groupe expérimental 

obtient des valeurs plus grandes qu'un groupe contrôle aux deux variables, on considère 

qu'il démontre des déficits d'orientation spatiale. Par contre, lorsque seulement la variable 

temps est augmentée, la présence de troubles moteurs est suspectée. Dans le cas où seul la 

variable distance est augmentée, il est possible que les animaux soient hyper-actifs ou qu'ils 

cherchent le but de façon aléatoire. Il se peut en effet que des animaux, incapables de situer 

l'endroit de la plate-forme sur la seule base des relations spatiales existant les différents 

indices visuels qui entourent le bassin et eux-mêmes, apprennent à nager rapidement en 

périphérie, décrivant de larges cercles, dans le but de trouver la plate-forme. En second lieu, 

une version où la plate-forme devient visible a été ajoutée afin d'éliminer des erreurs 

d'interprétation (articles # 2, 4, 5 et article #2a de l'appendice I). Les deux mêmes mesures, 
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le temps et la distance, sont prises en considération lors de ce test. Ainsi, lorsque les rats 

franchissent une plus grande distance en comparaison aux rats témoins pour atteindre la 

plate-forme, des troubles visuels, visuo-moteurs ou moteurs (lorsqu'un animal souffre de 

graves troubles de coordination des membres et tourne sur lui-même; article #2 et lésion du 

vermis) peuvent être suspectés, alors qu'une augmentation des temps requis peut refléter la 

présence de troubles moteurs (car dans ce cas l'animal emprunte la bonne direction mais a 

des troubles natatoires; articles 2a de l'appendice I) ou de motivation. 

Les lésions du vermis entraînent l'élévation des valeurs des deux variables lorsque la 

plate-forme est visible (article #2). Ce groupe de rats a donc été éliminé des analyses 

subséquentes. Par contre, des lésions limitées aux noyaux fastigiaux n'ont pas provoqué de 

tels déficits lors de la version "visible", mais plutôt lors de la version "invisible" (article #2). 

Ces rats sont aussi parvenus à localiser la plate-forme de façon plus efficace en fonction des 

essais (effets longitudinaux significatifs pour les deux variables). Cependant, la présence 

d'une interaction pour la variable temps indique que ce groupe peut souffrir de déficits 

moteurs mineurs. En ce qui concerne l'aspiration des hémisphères cérébelleux, elle n'induit 

aucun déficit moteur ou visuo-moteur, mais bien une augmentation de la distance moyenne 

parcourue et du temps requis afin de situer la plate-forme invisible (article #2). Ce groupe 

de rats améliore tout de même significativement sa performance, telle que mesurée par les 

deux variables et ce, sans interaction. C'est dire que ces rats démontrent une très bonne 

capacité d'apprentissage, mais qu'ils sont limités par les déficits d'orientation observés. 

Enfin, des lésions limitées aux noyaux latéraux induisent exactement le même type de 

troubles que provoque l'aspiration hémisphérique (article #5). Aucune de ces lésions ne 

donne lieu à des déficits de nature mnésique, tels que mesurés par la ré-évaluation sept jours 

plus tard. Ces lésions n'induisent pas non plus d'importants déficits de persévérance, étant 

donné que tous les groupes ont démontré des capacités à retrouver la même plate-forme 

lorsque située à un nouvel endroit dans la piscine de Morris. Cependant, le groupe de rats 
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lésés au niveau des noyaux latéraux ont éprouvés quelques difficultés lors du premier jour 

de testing dans cette nouvelle condition (article #5), mais ils sont néanmoins parvenus à 

atteindre les mêmes niveaux de performance que les rats du groupe contrôle dès le jour 

suivant. Ce résultat est surprenant, étant donné l'absence de tel déficits à la suite de lésions 

plus imposantes de la même région (article #2). Le fait que les rats dont la lésion atteint le 

cortex pré-central ont ces troubles de persévération (Kolb et al., 1983) est intéressant et 

justifie la poursuite d'études utilisant des tâches similaires. Par contre, la nature du déficit 

ne semble pas ici être la même, puisque la persévération se traduit par le retour constant au 

même endroit. Comme les rats de la présente étude ont augmenté significativement le 

nombre de cadrans franchis, ils ne semblent pas démontrer de persévération. Les rats dont 

la lésions atteint le cortex post-central ont quant à eux des troubles de l'orientation spatiale de 

type allocentrique (DiMattia & Kesner, 1988 a, b). C'est-à-dire que ces rats ne parviennent 

pas à localiser la plate-forme sur la base des relations spatiales existant entre les différents 

indices visuels qui entourent la piscine. Ces rats parviennent néammoins à trouver la 

plateforme, mais de façon aléatoire, tel que démontré par des enregistrements vidéos. Nos 

propres enregistrements, effectués dans le cadre de l'étude #5, ont révélé que les rats atteints 

de lésions bilatérales des noyaux dentelés ont également des troubles d'orientation spatiale 

de nature allocentrique, mais dans une moindre mesure que les rats atteints au niveau post-

central. En effet, il est établi que les rats cérébelleux ne se retrouvent pas dans la région 

périphérique de la piscine de Morris plus souvent que les rats du groupe contrôle. Les deux 

groupes d'animaux n'ont donc pas tendance à adopter une stratégie aléatoire, consistant à 

nager près des rebords de la piscine jusqu'à rencontrer fortuitement la plate-forme. 

Cependant, les rats du groupe expérimental diffèrent significativement des rats du groupe 

contrôle quant à l'orientation de leur corps lorsqu'ils quittent la position de départ et 

lorsqu'ils quittent le rebord de la piscine pour se diriger vers le centre. En fait, les rats du 

groupe contrôle orientent leurs corps (en termes de degrés) en fonction du vecteur entre le 

point de départ et le point d'arrivée de façon plus précise en fonction des jours, alors que les 
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rats avec lésions des noyaux dentelés ne s'orientent pas mieux le quatrième jour quatre que 

leyremier.  jour. Cette mesure de l'orientation du corps par rapport à la ligne idéale à suivre 

entre le point de départ et le point d'arrivée nous permet d'affirmer que les rats lésés 

parviennent à localiser la plate-forme aussi rapidement et en franchissant un nombre 

comparable de cadrans que les rats du groupe contrôles, mais ils se dirigent vers la 

plateforme de façon moins directe. Les rats lésés ont donc des troubles d'orientation spatiale 

de nature allocentrique. 

En conclusion, l'atteinte cérébelleuse n'empêche pas l'amélioration des performances 

telle que mesurée par la distance parcourue et le temps requis pour retrouver un endroit 

précis, mais provoque l'emprunt de chemins indirects. Il est intéressant de noter que des 

lésions corticales antérieures (Kolb et al., 1984) et postérieures (DiMattia & Kesner, 1988) 

entraînent également des déficits, quoique plus importants, lors de cette tâche. De plus, les 

lésions latérales du cervelet induisent moins de troubles moteurs que les lésions médianes, 

ce qui peut refléter le fait que les régions latérales du cervelet ont surtout des liens 

anatomiques rostraux, alors que les régions médianes ont surtout des liens anatomiques 

caudaux (Schmahmann, 1996). 

Les déficits d'orientation spatiale, mesurés par la tâche d'alternance spontanée dans 

le labyrinthe en "T", ont aussi été observés chez les souris mutantes (Lalonde & Botez, 

1990; Lalonde, 1994; article #3a de l'appendice I), les rats hémicérébellectomisés (Petrosini 

et al., 1996), ainsi que chez les rats ayant subi la lésion bilatérale des noyaux fastigiaux 

(étude #2) ou latéraux (étude #5). Cette tâche est une mesure d'orientation spatiale de type 

égocentrique; qui dépend de la position du sujet (DiMattia & Kesner, 1988b), si le labyrinthe 

est déplacé d'un essai à l'autre, ou allocentrique c'est-à-dire qui dépend des stimuli 

extérieurs (Lalonde & Botez, 1990) s'il est fixe, comme cela a été le cas lors des présentes 

études (articles #2 , 5 et 3a de l'appendice I). Mais cela peut aussi être une mesure de 
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persévération (Kolb et al., 1983) car un animal peut avoir une tendance non naturelle à 

retourner toujours au même endroit, ou une mesure d'hyperactivité car l'animal peut 

parcourir le labyrinthe très rapidement et ne pas réellement faire de choix au moment de 

décider où il doit se diriger. Dans le cas d'une tendance à la persévération, elle est observée 

sans même la présence d'un délai inter-essais, ce qui n'est pas le cas ici. De plus, aucune 

des lésions pratiquées dans le cadre de ces travaux n'a engendré d'hyperactivité ou 

d'hypoactivité (mesures non présentées). Il semble donc qu'il s'agisse d'un trouble de 

mémoire spatiale. Cependant, étant donné l'absence de tels déficits chez les rats lésés du 

vermis ou des hémisphères cérébelleux et surtout, étant donné l'absence de troubles 

mnésiques pour tous les groupes étudiés lors de la tâche aquatique, cette conclusion ne peut 

être retenue sur la seule base de ces résultats. En fait, la tâche de l'alternance spontanée 

nécessite l'emploi d'un grand nombre de sujets, parce qu'elle n'implique ni des stimuli 

appétitifs, ni des stimuli franchement aversifs . Etant donné que ce nombre ne peut être 

déterminé à l'avance dans le cadre des études lésionnelles, ces résultats ne peuvent servir 

qu'à inciter d'autres études. 

4- Mécanismes possibles : hypothèses fonctionnelles  

4.1 Anatomie et physiologie globales 

Les mécanismes neuronaux proposés pour expliquer le rôle du cervelet dans 

l'apprentissage moteur impliquent une contribution essentielle et directe des neurones 

cérébelleux, notamment la plasticité des synapses des cellules de Purkinje. En ce qui 

concerne les troubles non-moteurs observés chez l'humain et l'animal, on postule plutôt le 

dérèglement de centres neuronaux situés à l'extérieur du cervelet, mais liés à ce dernier. On 

sait que le cervelet a des liens importants et réciproques avec certaines aires corticales, dont 

les lobes frontaux et pariétaux (Sasaki et al., 1975; Sasaki, 1979). On sait aussi que ces 

liens vont au-delà des aires motrices et sensorielles primaires, qu'ils impliquent également 

les aires associatives et qu'ils concernent principalement les parties latérales du cervelet, tant 
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chez l'humain que l'animal (Schmahmann & Pandya, 1989, 1991; Schmahmann, 1991, 

1996; Middleton & Strick, 1994). Parallèlement, plusieurs cliniciens ont remarqué que la 

nature des troubles cognitifs dont sont atteints les patients cérébelleux s'apparente à celle des 

troubles dont sont atteints les patients cérébro-lésés soit des aires frontales ou pariétales, 

mais la gravité des troubles cérébelleux est moindre (Botez et al., 1985; 1989; Canavan et 

al., 1994; Leiner et al., 1993; Schmahmann, 1991, 1996). 

Le cervelet est relié aux lobes frontaux et pariétaux de façon di-synaptique, un 

important relais cérébello-cortical se trouve au niveau des noyaux thalamiques, et l'autre 

relais important cérébro-cérébelleux se trouve au niveau des noyaux pontiques. Ainsi, il 

demeure possible que le cervelet en tant que tel ne soit pas directement impliqué dans les 

processus cognitifs énumérés ci-haut, mais que son atteinte entraîne un dérèglement 

neuronal à distance. Cet effet à distance ne concernerait que les aires cérébrales liées au 

cervelet et occasionnerait ainsi des symptômes classiquement reliés à la lésion de ces aires 

corticales, mais dont l'importance serait moindre du fait de l'atteinte indirecte. C'est ainsi 

que Botez (1992) a postulé que le tableau clinique du patient cérébelleux ressemblerait à ce 

qu'il convient d'appeler un syndrome pseudo-frontal ou pseudo-pariétal. Par ailleurs, le 

phénomène de diaschisis est connu depuis longtemps, notamment au niveau cérébro-cérébral 

(Von Monakow, 1914; Hoedt-Rasmussen et al.,1964, rapportés par Meyer et al., 1993). Il 

a aussi été observé à maintes reprises au niveau du cervelet, à la suite d'une lésion corticale, 

d'où son nom de diaschisis cérébro-cérébelleux (Baron et al., 1980). Plus récemment, ce 

phénomène a été confirmé dans l'autre sens et appelé diaschisis inverse ou cérébello-cérébral 

(Botez et al., 1991; Sonmezoglu et al., 1993). Le phénomène de diaschisis cérébro-

cérébelleux s'explique par la voie cérébro-ponto-cérébelleuse, mais il n'y a pas entente sur le 

phénomène inverse, cérébello-cérébral, qui pour les uns dépend du relais striatal (Botez, 

1992) et pour les autres, du relais thalamique (Schmahmann, 1996). Cet effet à distance est 

le reflet de liens neuronaux privilégiés qu'entretient le cervelet avec les régions corticales 
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fronto-pariétales. Ce phénomène et les liens anatomiques, qu'il suppose, sont cités afin 

d'expliquer les désordres cognitifs observés à la suite de lésions purement cérébelleuses. 

Bien que certains (Leiner et al., 1993) supposent un rôle direct du cervelet dans l'élaboration 

de différentes conduites cognitives, les données anatomiques, cliniques et expérimentales 

convergent plutôt vers un rôle cérébelleux indirect, à cause de ses différents liens 

neuronaux. Le cervelet ferait ainsi partie des réseaux sollicités lors de l'élaboration de 

certaines fonctions cognitives sans nécessairement être un site essentiel à cette élaboration. 

Chez l'animal, la même logique devrait pouvoir s'appliquer puisque les liens 

neuronaux sont grossièrement similaires. Cependant, les tests employés sont très différents 

des tests conçus pour l'humain et la nature de ce qu'ils mesurent est moins claire. En 

premier lieu, les résultats aux tests utilisés chez l'humain peuvent être corrélés avec l'atteinte 

de différentes régions et certains symptômes peuvent même être localisés (Lezak, 1983). 11 

y a lieu de parler d'un syndrome frontal ou pariétal (Botez et al., 1989). Différents sous-

tests peuvent ensuite être élaborés dans le but de délimiter différents sous-types de déficits. 

Il n'est pas possible d'en arriver à une telle fragmentation avec des tâches destinées aux 

rongeurs, car la même tâche est souvent mal effectuée à la suite l'atteinte de différentes 

régions du système nerveux. En second lieu, la nature des tâches utilisées chez le rongeur 

est très différente. Ces dernières sont très souvent basées sur des apprentissages 

instrumentaux. Mais surtout, elles impliquent presque constamment un mouvement complet 

de l'animal, qui doit se mouvoir dans un labyrinthe. La capacité de s'orienter dans l'espace 

est donc ici évaluée par des moyens très différents de ceux utilisés chez l'humain. 

Cependant, certaines tâches sont reconnues pour être sensibles à la lésion de certaines aires 

particulières. C'est le cas notamment du test aquatique d'orientation spatiale utilisé dans le 

cadre des travaux présentés ici. La performance à cette tâche est entravée par des lésions 

corticales antérieures et postérieures chez le rat (Kolb et al., 1983; Kolb, 1984; DiMattia & 

Kesner, 1988a,b), ainsi que par des lésions de l'hippocampe (Morris et al., 1982), mais non 
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par des lésions temporales (Kolb et al., 1994). Chez le rat, le cervelet est lié anatomiquement 

aux parties antérieures et postérieures du cortex cérébral, ainsi qu'à l'hippocampe. Le fait 

que l'atteinte cérébelleuse empêche les animaux lésés de réussir aussi bien que les animaux 

contrôles lors de ces tests peut être dû à un effet à distance impliquant l'une ou l'autre de ces 

régions. 

L'utilisation de techniques histologiques récentes permet la vérification du bien-

fondé de l'hypothèse d'un effet à distance. En effet, il est possible de déterminer la 

concentration, au sein de différentes régions, d'enzymes associées à l'activité métabolique 

neuronale. Graziano et al. (1996) et Leggio et al. (1996) ont ainsi démontré que le taux de 

cytochrome oxydase est grandement réduit aux niveaux antérieur et postérieur du cortex 

cérébral à la suite de l'hémisphérectomie cérébelleuse chez le rat. La prochaine étape de nos 

travaux consistera donc à évaluer le taux de cette enzyme aux niveaux antérieur et postérieur 

corticaux ainsi qu'au niveau de l'hippocampe de rats ayant non seulement subit des lésions 

plus circonscrites, mais ayant de plus été évalués sur le plan comportemental. Ces travaux 

sont présentement en cours. Les présents résultats ne permettent pas quant à eux de 

conclusion concernant les mécanismes impliqués dans les troubles comportementaux 

observés. Il est toujours possible qu'aucune activation extra-cérébelleuse n'ait été 

occasionnée par nos lésions et que le cervelet ait influencé de lui-même le comportement 

observé. 

De plus, il serait grandement souhaitable, à la lumière des résultats présentés ici, de 

mettre sur pied une étude utilisant le singe. 11 serait ainsi possible non seulement d'utiliser 

des tests sensibles aux dommages frontaux (Mishkin & Manning, 1978; Brody & Pribram, 

1978), en opposition à d'autres tests sensibles aux dommages pariétaux (Pohl, 1973; 

Mountcastle et al., 1975; Petrides & Iversen, 1979) ou temporaux (Zola-Morgan & Squire, 

1984), mais aussi d'employer de nouvelles techniques histologiques, afin d'établir de façon 
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convaincante les bases d'une hypothèse fonctionnelle. En outre, la nature de ces tests 

s'apparente beaucoup plus à celle des tests utilisés en clinique. 

4.2 Modèles proposés 

Si le nombre de modèles proposés pour expliquer les troubles d'apprentissage 

moteur à la suite de l'atteinte cérébelleuse est limité, celui des modèles explicatifs des 

troubles cognitifs cérébelleux l'est encore plus (Leiner et al., 1986; Ito, 1993; Schmahmann, 

1996). Etant donné que cette classe de déficits n'est pas encore établie en tant que partie 

intégrante du tableau clinique des patients cérébelleux, ce n'est guère surprenant. De plus, 

les modèles présentement proposés postulent un rôle direct du cervelet dans l'élaboration 

desdites fonctions cognitives, ce qui est très incertain. Pour ces raisons, ces modèles ne 

seront pas discutés. 



CONCLUSION GÉNÉRALE 
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Les travaux entrepris dans le cadre de cette thèse se sont intéressés aux effets de 

diverses lésions cérébelleuses sur différents types d'apprentissages. Il ressort que l'atteinte 

cérébelleuse n'empêche pas l'établissement d'un apprentissage moteur complexe et nouveau, 

contrairement à ce qui est observé dans le cas de l'adaptation motrice. De plus, la capacité 

de s'orienter dans l'espace, loin d'être abolie, est constamment compromise ou amoindrie. 

Un article de Bloedel et al. (1 991) s'intitule : "Substratesfor motor learning: does the 

cerebellum do it all ?". Nos résultats, ainsi que ceux des études publiées jusqu'ici suggèrent 

une réponse à cette question. Le cervelet semble essentiel ou directement impliqué dans le 

processus de l'apprentissage moteur s'il s'agit d'une adaptation motrice, mais non lors de l' 

acquisition d'un apprentissage moteur. Il semble que lorsqu'un organisme doit adapter un 

comportement moteur particulier, à la suite d'un changement de l'environnement, l'intégrité 

du cervelet est essentielle ou à tout le moins bénéfique. Par contre, lors de l'acquisition 

d'une conduite motrice complexe, l'atteinte cérébelleuse entrave non pas l'apprentissage, 

mais plutôt l'atteinte d'un niveau optimal de performance. Il semble donc que l'on doive 

dissocier deux sous-composantes de l'apprentissage moteur, soit l'adaptation motrice et 

l'acquisition d'une conduite motrice, lorsqu'il est question du rôle cérébelleux dans ce type 

d'apprentissage. Ces résultats tiennent compte des boucles neuronales cérébello-corticales 

sérielles et parallèles impliquant non seulement plusieurs structures mais fonctionnant aussi 

en association avec d'autres circuits impliquant notamment les ganglions de la base. 

Les effets non-moteurs résultant d'une lésion cérébelleuse semblent bel et bien 

existés. Cependant, le site de la lésion est important, car en comparaison avec la lésion 

latérale, l'atteinte médiane entraîne plusieurs troubles de nature motrice et l'éventail des 

troubles non-moteurs en résultant est limité; comme en fait foi l'absence de troubles 

d'apprentissages associatifs tels que l'évitement de choc (article #4) et la discrimination 

visuelle (article #2), ainsi que l'absence d'effets majeurs sur la production d'une séquence 
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motrice innée (article #4). Enfin, lorsqu'une conduite non-motrice est déficiente, tel la 

capacité de s'orienter efficacement dans l'espace, elle n'est pas empêchée mais plutôt 

entravée. Le fait que les lésions cérébelleuses latérales soient plus susceptibles d'entraîner 

des troubles de nature non-motrice et que ces derniers s'observent à la suite de lésions 

corticales corrobore non seulement que les liens cérébello-corticaux sont en majorité issus 

des noyaux latéraux, mais aussi que le diaschisis cérébello-cortical est présent. En effet, en 

accord avec l'hypothèse d'un effet à distance, la nature des troubles d'origine cérébelleuse 

semble être comparable à celle des troubles d'origine corticale, mais l'importance de ces 

derniers est plus grande. 

Le fait que l'atteinte cérébelleuse entraîne des troubles d'apprentissage moteur et 

non-moteur n'implique donc pas que le cervelet soit en tant que tel l'unique responsable de 

telles fonctions. Il est plus probable que pour être efficaces, les processus d'acquisition 

motrice complexe et d'orientation spatiale nécessitent l'activation d'un réseau neuronal 

cortico-sous-cortical dont fait partie le cervelet, au même titre que plusieurs autres régions. 

Dans les deux cas, l'atteinte cérébelleuse n'induit pas de déficits majeurs, ce qui est 

certainement le reflet d'un apport réel mais non-exclusif. De plus, il a été rapporté ici pour la 

première fois que des lésions limitées au cervelet peuvent entraîner des retards 

d'apprentissage chez le rat. 

Afin de vérifier l'hypothèse d'un effet neuronal à distance, l'étude qualitative des 

déficits observés chez le rat est souhaitable. Elle permettra la comparaison directe entre les 

effets de lésions cérébelleuses et ceux de lésions corticales. L'étude anatomo-fonctionnelle 

quantitative du métabolisme neuronal au niveau cortical, à la suite de ces lésions, est tout 

autant souhaitable. L'utilisation de primates non-humains permettra une comparaison plus 

appropriée des études animales et humaines, à cause de la plus grande similarité des tâches et 

de l'évolution des organismes. Enfin, elle permettra non seulement la vérification 
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histologique d'un effet neuronal à distance, mais aussi la vérification ultime que des lésions 

bilatérales, exclusivement limitées à des régions précises du cervelet, sont à l'origine de , 

troubles cognitifs. 
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LALONDE. Il_ C. C. JOYAL J.-M. GUASTAVINO AND M. I. BOTEZ. Hole poking and motor coordination in lurcher mutant 
mice. PHYSIOL BEHAV 5‘k I) 41-44, 1993.—Lurcher mutant mice, a cerebellar mutant displaying ataxia and equilibrium 
deficus. had fewer hoie pokes in a 16-hole manu Man normal mer. Lurcher mutants also took longer to reach a platform from 
a gnd and to ben to climb a gnd from the Lon However. the lurchers climbed as high as normal mice on the grid and Meir 
exploratory patterns of the holeboard were similar in many respects to normal mice, such as the ratio of center to periplaeral hale 
expiorauon. ln a wooden beam test. although lurchers did not differ from normal mice in terms of the amount of time spent on 
the beam or in the distance iravelled, the mutants were found more often in unstable positions. 

Cerebellum 	Lurcher mutants 	Exploration 	Climbing behavior 	Balance beam 

LURCHER mutant mice art charactenzed by fosses in cerebellar 
Purionje and granule cells and inferior olive crib (2-4,11-13). 
Expenments with chimenc rnice foc-med by aggregating lurcher 
and %und-type embryos have indicated that the Le gene (on chro-
mosome 6) acts directly on the Purianje cell and that the de- 
generanon of granule and infenor olive fleurons occurs as a 
secondary consequence zo the Purkinie cell degencrauon (1 1-
1 3). It has recently been reporred that lurcher mutant Bergniann 
glial enzymes are flot atTected directly by the lurcher gene but 
are dependent on interacuons with Purianie ceLls (3). 

Lurcher mutants not only have anatomical evidence of olivo-
cerebellar abnormalines but also behavioral evidence such as 
ataxia and loss of equilibrium. However, lurcher mutants are 
not impaired in all tests of motor funcuon. In spite of ataxia, 
their level of activa-y in a T-rnaze was not reduced (7). On the 
contrary, dunng the second part of a 4-nain session in a restricted 
region of a T-maze, at a urne where habituation occurred in 
normal =ce, lurcber mutants did net halattuate (7). The same 
panertt of perseveranon emerged in hole poking in a steel cage 
with a single hole in the center of the floor, where lurcher mutants 
had more hole pokes than normal mice during the second part 
of the session (10). However, they had more falls when placed 
verucally on a gnd or honzontally on a coathanger (10). 

The purpose of the prtsent srudy was to analyze further the 
rnotorcapaciry of lurcher mutants by means of hole polung and 
motor coordinauon tesu. Although lurcher mutants were not 
impaired in terras of hole poking with a single hole in a steel 
cage (10), it was hypothesized that the mutants may be impaired 
in a more challengiog 16-hole matrix apparatus (6). Latencies 

' Requests for repnnts snould be addressed to R. Lalonde.  

to climb on or off a grid were analyzed for the purpose of dis-
tinguishing spared and deficient functioning of climbing behavior 
in these mutants. Moreover, a wooden beam test was used. The 
wooden beam has been used as a test of equilibrium in mice 
and rats (1). The usual measurc is the rime taken for the animal 
to fall from the beam. In the course of the evaluation of cerebellar 
mutant mice, we have used an adaptation of the standard beam 
by placmg the mice on top of the wall of a wooden holeboard 
(8,9). In this fashion, the mice are able to move about more 
freely than the standard short beam and, thus, various compo-
nents of sensonmotor coordination may be delineated. In this 
apparams, weaver and stag,gerer mutant mice fell off the beam 
more quickly tban normal mice (8,9). During tbe pncsent eval-
uauon, it was noticed that, contrary to the other two cerebellar 
mutants, the lurcher mutants did not fall off the beam more 
ouickly. We, therefore, sought to obtain alternate rneasures in 
the wooden beam test in order to sec in what way lurcher mutants 
differ from normal mice. For this purpose, the number of seg- 
ments traversed on the beam was measured, because it was con-
sidered that a differtnce may emerge in terrns of distance u-avelled 
on the beam. Another type of measure was the quantitative es-
umauon of the body position of the mice on the beam. It was 
considered that lurcher mutants may cliffer from nonnal mice 
by the manner in which they stand on the beam. 

METHOD 
Animais 

Two shipments of lurcher mutants and controls were.  used. 
In the first shipment, lurcher (Lc/+) mutant mice (n = 1 1) and 
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FIG. Z. Body position °Cule mine on the viander! beam. 

'armai (B6CBA-A-1/A) controls (n = 11) were obtained from 
ackson Laboratory and kept in group cages in a temperarure-
nd humichty-controlled room with food and water available at 
11 tunes. The =mals were obtained at monda of age and 
n-ted at about 2 months of agc. In the second shipment, lurchcr 
lutant =ce (1-2 months old, n = 17) and normal Linermate 
Dntrois (B6CBACA-A-4/A background, n = 8) were aLso ob-
iined from Jackson Laboratory. The mice were maintained on 
12-h light-dark cycle (liens off at 1830 h) and tested dunng 
ie afternoon. 

pparatus 

The 16-hole manu made of wood measured 70 x 70 cm. 
be height of thc walls was 34 cm. The holes (diameter = 4 cm) 
cre chsplayed in four rows of 4, the distance berween each hole 
ring 9 cm and the depth 2 cm. Climbing behavior was evaluated 

a verucally posiuoned grid (width: 18 cm, height 25 cm), 
in of a stainless steel cage. In the wooden beam test, the =ce 
re placed on the wall of the holeboard apparatus measunng 
X 70 cm (beam width = I cm, height of walls = 34 cm). 

)nnected to the holeboard was a starung chamber measunng 
X 70 cm. The beam was separated Int° 10 cm segments (total 

41 segments). 
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Procedure 

Hole-poking. The mice were first put in groups of four to five 
in the holeboard for 3 days in order for them to familiarize 
themselves with the appararus and thereby prevent freezing re-
sponses during testing. After this initial phase, the mice were 
placed one at a time and the number of hale visits within 4-min 
sessions spread over 3 days was counted. A visit was defined as 
entry of the snout in the hole. Visits to the center part of the 
matrix comprising 4 botes were tabulated apart from visits to 
the 12 remaining peripheral holes. Moreover, contiguous chains 
of hole visits were tabulated apart from noncontiguous ciaains. 
A contiguous chain was defined as the number of consecutive 
hole visits in adjacent fioles. A center hole has eight adjacent 
holes, whereas a peripheral hole has three adjacent botes. The 
sum of contiguous visits and noncontiguous visits equals the 
total number of hole visits minus 3, because the first hole visit 
of each session cannot be defined as either a contiguous or non-
contiguous visit The number of different holes visited was also 
compiled. Within a session, there were 16 different holes to be 
visitecL Over three sessions, the maximal score on this measure 
was 48. In addition, the number of times the mice perseverated 
in visiting the same 1101C was countecl. All behavioral measures 
were summed across the 3 days of testing. 

Climbing. After a few intervening days, the mice were eval-
uated for the two climbing tests. On day 1, during the first test, 
the mice were placed fang upward in the middle of a vertically 
positioned grid on the outside part of the srainless steel cage. 
The cage was perched atop a gridless steel abject at a height of 
20 cm from a table. Because the height of the grid was 25 cm, 
the mice had to climb at least 12_5 crn to reach a platform. None 
of the mice could climb down from the grid without falling. 
None of the mice felL The time taken to climb up to the platform 
was rneasured. On day 2, the second climbing test was performed. 
In Mis test, the position of the cage remained the same, except 
that the mice were placed on the floor (18 X 18 cm) within the 
cage with the same vertical grid (width: 18 cm, height 25 cm) 
available to be climbed from inside. The other three walls of the 
cage could not be climbed because two of them were composed 
of stainless steel without a grid and the other of a transparent 
celluloid sheet to permit behavioral observations of the =mais. 
Thret measures were taken: the latcncy to begin climbing the 
grid (defined as the time taken till all four paws were on the 
grid), the climbing height achievcd, and the time spent on the 
grid before climbing back clown. No cutoff point was used for 
the latency before climbing measure, but a 300 s cutoff point 
was used as the maximum time allowed on the grid. Some of 
the lurchers but none of the controls fell off the grid. There was 
one tnal per day for 4 consecutive days. Values represent mrRns 
per day. 

Woocien beam, The second shipment of 17 lurchers and 8 
controls were used. The mice were placed on the beam for two 
mals of 60 s on day 1 and the time spent on it was measured. 
When it was apparent that no group difference emerged, other 
measures were added on days 2-5. nese included the number 
of segments traversed and the number of nmes the mice were 
observed in either one of four positions depic-ted in Fg. I. In 
position 1, the mice are parallel to the beam with all four paws 
on it. In position 2, the rince are perpendicular to the beam with 
all four paws on it In position 3, the mice have one front paw 
and one band paw on the beam. In position 4, the mice are 
hanging with their two front paws. During each 15 s penod 
(eig,ht periodsiday, pK) trials of 60 s, intennal interval -= 3-5 
min), a score was given that corresponded fo the position in 
which the mice spent the most Lime. 
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TABLE 1 

NUMBER OF HOLE V1STTS. MEAN (SD), OF LURCHER MUTANT 
AND NORMAL M10E SUMMED OVER 3 DAYS 

IN A 16-HOLE MATR1X 

than normal mire. There is no group difference for the irequency 
in position 1 (Table 3). 

Lure:ber 	 Normal 
Type of Hole Visit 	 Mutants 	 Miee 

Total visas 70.5 (13.9r 96.5 (25.6) 
Visas to center hales 10.5 (5.0)t 15.6 (4.8) 
Vises to penpheral botes 60.0 (10.7)* 80.9 (21.5) 
Conuguous visas 45.4 (8.5r 63_5 (18.9) 
Nonconnguous virils 22.1 (7.6)t 30.0 (9.5) 
Connguous crains of 1-2 8.4 (4.6)t 11.9 (4.7) 
Contaguous chams > 2 7.0 (1.9)t 9.5 (2.8) 
Different holes 38.0 (4.5) 41.6 (5.8) 
Same hole on >2 occasions 9.0 (4.0)* 16.2 (6.3) 

= Il. 
• p < 0.01. 
t p < 0.05 (men). 

RESULTS 

Lurcher mutants had fewer hole visits than normal controls 
on most measures (Table 1). Lower values were obtamed for 
'archer mutants on the following measures: total visits, visas to 
center tuiles. visits to penpheral holes, visits tn connguous or 
noncontaguou_s chains, and visits to the same holt on three or 
more occasions. There %vas no group difference in terms of the 
number of different holes visited. In climbing tests (Table 2), 
lurcher mutants took mort urne to reach a plarform when piaced 
on the g,rid, U(10, 11) = 6.5, p < 0.001. Lurcher mutants also 
took more urne before beginning to climb a gnd, U(10, 11) = 
29.5, p < 0.05. but not before climbing bank down, U(10, 11) 
= 39, p> 0.05, nor was there a difference in ternis of climbing 
height achieved on the grid, t(19) = 0.84, p > 0.05. Lurcher 
mutant =ce spent as mach urne on the beana as normal mice 
(Table 3). Out of 10 trials spread over 5 days, the eight normal 
=ce did not fan off once (succes.s rate = 80/80). The 17 lurchers 
fell only seven urnes (success rate = 163/1 70). Lurcher mutants 
did not differ from normal mine in the number of seir,ments 
traversecL Where the rwo groups differed was in terms of their 
position on the beam. Lurcher mutants were less Itkely to be 
found in posinon 2, t(23)/ = 4.92, p < 0.001, but more in po-
sitions 3, t(23) = 3.85,p < 0.001, and 4. z(23) = 2.11. p < 0.05, 

DISCUSSION 

Lurcher mutants had previously been found not to be im-
paired in hole poking in a steel cage with a single hole in the 
center of the floor (10). In the ornent 16-hole matnx condition, 
lurcher mutants were impaired on mon measures. This can be 
ascribed to the fact that the animals in the 16-hole condition 
had to explore a much wider arca (70 X 70 cm instead of 18 X 
18 crn) and had more hoies to visit The ataxie symptoms of 
lurchers did not permit them to keep pace with normal mice 
during the 4-min period. This contrasts to their normal activiry 
levels during a 4-min period as measured by the number of 
square crossings in a T-maze (7). It appears then that although 
lurchers are not hypoactive in terms of distance travelled in a 
maze they are unable to make as many haie pokes in a large 
matrix as normal mice. 

Alttiough hucher mutants were less efficient in visiting hales, 
Meir patterns of exploration were, in some respects, very 
to Mose of normal mice. They had as many different holes visited 
as normal mice (Table 1). The center to peripheral hole ratio 
was the same in lurchers (0.17) as in normal raine (0.19)- The 
contiguous to noncontiguous ratio was the same in lurcher and 
normal mice (2.1), both groups tending twice as often to visit 
holes adjacent to each other. Thus, the lurchers showed no signs 
of anxiery; otherwise the numbcr of center hole visits would 
have been disproportionally impaired. They visited most fioles 
in the matrix (38 out of a maximum score of 48). 

The ataxie symptoms of lurcher mutants did not permit them 
to reach a platform as quickly as normal mice while on a grid 
(Table 2). Nor were they as quick as normal mice in climbing 
on a gi-id from a cage floor. However, once on it, they could 
climb as high as normal mice. The latency to climb clown mea-
sure gave higher mean value for lurchers but mot significantly 
so. The rr_ason for this nonsignificant mcasure, we believe, is 
because, on one hand, lurchers had more difficulty in climbing 
clown, but on the other hand, were more likely to fall off the 
gnd. And so there was a wide variety of values for this parucular 
measure (Table 2). 

Contrary to rwo °Mer cerebellar mutants, the weaver and 
suggerer, the lurcher mutants did not fall off the beam more 
easily in spite of massive olivo-cerebellar degeneration (2,11). 
Theu- deficits on the beam were more subtle, consisting of higher 
frequencies for body positions 3 and 4 and lower frequencies 
for position 2. Positions 3 and 4 are more unstable ban positions 

TABLE 2 
CLIMBING BEHAV1OR OF LURCHER MUTANT 

AND NOFtMAL M10E 

Group 

Latence Tl 
Reactung 

Inadorm (s) 
Latency Till 
Climipung (s) 

Climbing 	Time on 
Heigta (cm) 	Gnd (s) 

Lurcher mutants 
Normal mice 

25.2 (11.3)* 
6.6 (3.0) 

59.7 (40.5)t 
26.6 (16.5) 

	

18.8 (4.7) 	84.5(81.1) 

	

20.3 (3.2) 	51.2(61.1) 
Lurcher mutants (n = 11); normal mice (n = 10)- 
›eleans (SD). 
• P < 0.0! .  
* p < 0.05. 
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TABLE 3 
'MEAN (SD) VALUES PER DAY OF LURCHER MUTANTS AND NORMAL M10E ON THE WOODEN BEAM 

Time on the 	Segmeno 
	 Frequencesin Posmon 

Group 	 Beam Is) 	Traversed 	 2 	 3 

Normal mice 
(n 	8) 

Lurcher mutants 
(n 	17) 

120.0 (0) 

117.3 (4.7) 

20.2 (14.6) 

17.3 (13.5) 

4.1 

3.9 

(2.2) 

(2.1) 

3.8 (2.3) 
0.6 

(0.7)" 

0.1 

2.5 

(0.3) 

(1.6)* 

0 

0.9 

(0) 

(1.1)t 

• p < 0.001. 
tp < 0.05. 

1 or 2. In the former positions. the cilice are able to gray on the 
beam but with only two paws instead of four. Normal mice are 
almost always in positions 1 or 2. Although lurchers are often 
able to maintain their balance on position 1, they are rarely 
'ound in postuon 2, in which [heir body axis is perpendicular 
o the beam. 

Thus, we find that quantitative estimation of qualitative as-
>ects of body posttioning of =lice on the wooden Oum Io be 
seful measures of subtle equilibnum deficits. Sirnilar estimai:ions 
nay prove to be useful in other neurological lesions and in the 
valuauou of drug effects. Video analysis may provide more in 

depth data, defineate other body positions, and definé more pre-
cisely the placement of the paffl on the bearn. In Mis study, we 
intended to provide the simplest and least costly method to es-
timate qualitative aspects of body positioning of mice on the 
wooden beam. 
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LALONDE, R_, C. C. JOYAL AND C. COTE Swimming acrivity in elystonia musculonun mutant mice. PHYSIOL BEHAv 
54(1) 119-120, 1993.—Dystorua rnusculorum (dt) mutant mice, charamerized by degeneration of spinocerebellar fibers, were 
evaluated in a visible piatform swim test., lt was found that dt mutants were slower to reach the platforrn than normal naine. 
However. the nurnber of quadrants traversed was not higher in dt mutants. It is concluded that spinocerebellar fibers to the 
venus are important in lime control dunng swimming but mit in visuo-motor guidance (navigationaj skills) of the animal towards a visible goal, at Least in regard to the quadrant measure. It is not excluded that a measure tracing their path may find a mild devianon from Lhe goal. 

Cerebellum 	Spinal cord 	Dystonia musculorum mutant mice 	Visuo-motor guidance 

FINDENGS in cerebellar mutant rince have indicated a role for 
the cerbeilum in spatial orientanon as assessed in water niaze tests 
(4,7-11). A selective deficit in swimming tords an invisible plat-
form was found in staggercr and Purkinje cell degeneration (pcd) 
mutant mice (4,8). On the other hand, lurcher and weaver mutant 
mice took more nme and had more quadrant carnes even when 
the platform was visible (10.11). A selecnve deficn in the invisible 
piatform condition is an indication of a deficn in spatial leaming, 
as has been found in arumals with lesions of the hippccampus (13). 
A deficit in the visible platform condition is an indication of a 
visuo-motor deficit, as lias been found inanlmak with lesions of 
the supeior colliculus (12). Mice with ccrerellar lesions can marli fest 
one or the other type of deficit depending on the mutation uncier 
srudy. It i5 possible that weaver mutants are impaireo m buil  con-
ditions because of degeneranon of substanna nigra neurons in ad-
dition to cerebellar granule cell degeneranon (16). It may be hy-
pothesized (7,9) that cerebellar midline structures (ver= fastigial 
nucleus) are involved in spatial onentanon because of the anatom-
zcal connecnons lxtween the btrigial nucleus and the timpocampus, 
the supcnor ooiliculus, and the vesnbular nuclei (1.2,9), regions 
involved in naviganonal skills (12-14). Sp1130Ceretel14r fibers. im-
portant in the control of limb movements, project mainly to the 
cerebellar midline. In orde to determine the role of these fibers in 
swimmmg activny, dystritua musculorum (dt) mutant mice, whose 
main charamensncs are degeneranon of spinocierebellar fibers (15) 
and axonal degeneration of peripheral nerves (6), were evaluated, 

METHOD 

Subjects 

Fourteen dt mutant mice and 18 normal linermate controls 
(B6C3-a /a ) were obtamed from Jackson Labo ratory (Bar Harbor. 

' Requests for repnnts should be addressed to R. Lalonde.  

ME) at 1 month of age, placed in group cages in a temperature- and 
humidiry-controlled room, and evaluated in a separate expert, 
mental room. They were first evaluated in basic motor activity 
and motor coordination tests for about 2 weeks (unpublished 
observations) and Men 	qsmsçP d for swimming activity. 

Apparanis 

The apparatus consisted of a rectangular basin (45 X 35 cm, 
height 13 cm) filled with mildly cool water (about 27°) and a 
circuiar platform (diameten 6 cm) covered with wire naesh on 
whIch the mice could climb in order to escape from the water. 

Procecture 

Only the visible platform test was performed because it was 
obvious that dt mutants were slower even in this condition. The 
mice were placed in the midpoint section of the nord] wall (face 
toward the wall). The platform, protruding from the water, was 
found at the southwest quadrant. There were four trials a day 
for 2 consecutive days witla an intertrial interval of 10 min. The 
cutoff point for any trial was 60 s. The number of quadrants 
(the pool being separated into four quadrants) traversed and the 
latencies till reaching the platform were measured by an inves-
tigator present at the south wall. 

RE-SULTS 

The dt mutants took more time to reach the platform than 
normal mine bath on day 1, U(14, 18) = 49, p < 0.01, and on 
day 2. U(14, 18) = 21.5. p < 0.001. However, dt mutants had 
less quadrant envies than normal mice on day 1. 430) = 5.59, 



p < 0.001. There was no group difference on day 2, t(30) = 0.01, 
p > 0.1, see Table 1. 

DISCUSSION 

Higher latencies to reach a visible platform were observed in 
dt mutant mice. nese results were found in two other cerebellar 
mutants, weavers, and lurchers (10.11). However, in the latter 
two mutants, the nature of the deficit was different from that 
round in dt mutants, because the number of quadrants bey 
traversed was higher. In dt mutants, the .number of quadrants 
was lower than normal mice. This may be ascribed to the fact 
that although normal mice see the visible platform, they engage 
in exploratory activity around the water basin to discover whether 
other escape routes are available. On the other hand, dt mutants 
had such difficuity in controlling limb movemenrs during swirn-
ming that they were unable to engage in exploratory activity 
and, instead, swam directly towards the platform, on most oc-
casions in a straight line. In spite of poor limb control, dt mutants 
were able to stay afloat (1/15 mutants sank and could not be 
retested). 

The deficits described previously in weaver and lurcher mu-
tants were enurcly ctifferent. Higher latencies were accompazued 
by higher quadrant entrics (10.11). They rarely swam directly 
towards the platforrn in a strazght line. Instead, they often swam 
in wide arcs, seeming,ly having difficulty in visually guiding their 
movements towards the visible goal, but with no obvious re-
ducuon in swim speed. The basic mechanics of swimming is 
intact in lurchcrs (3). The dt mutants, on the other hand, had 
iuch poor limb control that their main deficit was a reducnon 
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TABLE 1 
NAVIGATIONAL ABILITIES IN DT MUTANTS AND NOFtMAL MICE 

Day 1 	 Day 2 

Group Quadrants Latences Quadrants Latences 

Normal mice 
(n = 18) 20.8 (5.8) 61.4 (30.9) 13.5 (5.3) 24.8 (19.3) 

dt mutants 
(n = 14) 11.1 (3.3) 142.9 (73.7)t 9.9 (1.9) 123.2 (81-2)* 

• p <0.001. 
t P < 0.01- 

of swim speed in the absence of a deficit in visual guidance as 
assessed by the number of quadrants. 

We bave hypothesized that the cerebellar vermis is important 
in navigational skills (7,9). The present results indicate that spi-
nocerebellar fibers to the vermis are not involved in visual guid-
ance during swimming, so that degeneration of these fibers, as 
in the case of dt mutants, causes a reduction in swim speed but 
no difficulty in visual guidance. Instead, navigational %kin%  may 
be related to cerebellar interactions with the vestibular system, 
the hippocampus, and the superior colliculus (7,9). 
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Delayed spontaneous alternation 
in lurcher mutant mice 
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Hôtel-Dieu Hospital, Montreal, Quebec, Canada 

Lurcher mutant raice alternated above chance at 0-, but not at 3- and 10-min retention inter-
vals, whereas normal mice alternated at all the retention intervals. These results are consistent 
with the hypothesis that the cerebellum plays a role in spatial memory, perhaps by means of 
cerebello-limbic and cerebello-cortical interactions. There were no differences between the groups 
either in an emergence test of anxiety or in an inclined screen test of motor coordination. These 
results inclicate that lurchers show no disinhibitory tendencies in the emergence test and are 
not affected in all tests measuring motor coordination. 

Lurcher mutant mice are characterized by a depletion 
of cerebellar Purkinje cells, granule cens, and inferior 
olive neurons (Caddy & Biscoe, 1979; Werts & Herrup, 
1982a. 1982b). In water-maze testing, spatial deficits have 
been found in this mutant, which agrees with the hypoth-
esis that the cerebellum has a role in spatial orientation 
(Lalonde, Larnarre, & Smith, 1988). A spatial deficit may 
underlie the lack of spontaneous alternation found in 
lurchers in a rwo-trial test (Lalonde, Larnarre, Smith, & 
Botez, 1986), which is a single forced trial to the left or 
the right arrn of a T-maze, followed by a choice trial in 
which the mouse either chooses the sarne arrn or alter-
nates. This test is used to measure basic spaual orienta-
tion processes and spatial memory (Lalonde et al., 1986) 
and is sensitive to lesions of the hippocarnpus (Isseroff, 
1979) and other areas known to be involved in spatial 
learning (Lalonde & Botez, 1990). 

Spontaneous alternation deficits may also be caused by 
a defect in mhibitory processes (Lalonde et al., 1986). 
There is evidence that the cerebellum has a role in be-
havioral inhibition with other paradigms. Rats with 
paleocerebellar lestons did not perforrn as well as normal 
rats did in a differential response of low-rate schedule, 
an indicauon of disinhibitory tendencies (Kirk, Berntson, 
& Hothersall, 1982). 

The main goal of the present study was to attempt to 
disunzuish between these two possible explanations for 
the spontaneous alternation deficit that has been found in 
lurchers (Lalonde et al., 1986). For this purpose, a Pio-
tnal test was devised at three retenuon intervals: 0, 3, 
and 10 min. If the principal deficit is in spatial memory, 
as previously found in rats with hippocampal lestons (Is-
seroff, 1979), the deficit should appear after a delay but 
no( in the condition with no delay. On the other hand, 

METHOD 

Subjects 
Twenty-eight lurcher mutant mice (17 females. 11 males) and 

9 (5 females, 4 males) normal controls (B6CBACA-A"-J /A) were 
obtained at I month of age from the Jackson Laboratory (Bar Har-
bor, ME). They were kept in a temperature- and humidiry-concrolled 
room and were tested in a scparate experimental room at 3 months 
of age. 

Apparatus 
A T-maze (81.5x8.5 cm: arms, 30 x 8.5 cm; height of walls. 

10.2 cm) made of transparent plastic was used. In the emergence 
test. a plastic container (18 X 12 cm; height: 28 cm) was placed on 
a steel table (86x45.5 cm). The inclined screen measured 
35 x35 cm (gnd: 5 squares/cm), was placed on a chair at a height 
of 60 cm from the floor, and was coverecl with a blanket to cushion 
the falls of the mice. The screen was inclined at 400 . 

a deficit in the no-delay condition would be indicative of 
disinhibitory tendencies, an extremely short-term mem-
ory, or an attentional defect. ln addition, an emergence 
test was added for the purpose of discovering whether 
lurchers would emerge from a smail chamber to an open 
field quicker than normal mice would—an alternate mea-
sure of disinhibitory tendencies, because rodents prefer 
enclosed rather than open spaces (Pellow, Chopin, File, 
& Briley, 1985). An inclined screen test was also per-
forrned for the purpose of documenting spared and un-
spared motor coordination functions in this mutant. 
Lurchers have been found to be impaired in some tests 
(e.g., coat hanger) but not in °chers (e.g., wooden beam) 
(Lalonde, Botez, Joyal, & Caumartin, 1992). 

Procedw-e 
Spontaneous alternation test. On the first trial. the rince were 

placed into the stem of the T-maze with the nght arm blocked. On 
the second trial, they could choose either co enter the same arrn 
or to alternate. On odd clays. the right arm was blocked and on 
even days the opposite arrn was biocked. On Days 1. 4, and 7, the 
mice were immediately put back into the stem (after washing with 
water, at most a 10-sec delay, in order to reduce the possible ef- fect 
of odor cues). On Days 2. 5. and 8. there was a 3-min delay (reten-
lion interval) between the forcecl tnal and the test tnal. On Days 3. 
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DuPont Pharma. Parke-Davis (Canadal. and NSERC C.C.J. 
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6, 9. and 10 (a fourth day was added to mat interval in order to 
resolve the ambiguity of the significant value of one of the groups). 
there' was a 10-min delay interval. 

Emergence test. On Day 1. the mice were piaced for 5 min in 
groups of 4-5 in the small chamber for purposes of habituation. 
A layer of plastic was placed at the entry ciunng habituation and 
was removed during the emergence test. Dunng Days 2-6, the =ce 
were placed I at a time into the chamber. and the Ume taken for 
them to emerge to an open field (using rwo- and four-paw criteria) 
was mcasured (cutoff point: 300 sec). Each mouse had one trial 
per day, for five consecuuve clays. 

Inclined screen test. On Day 1 (first ciay of alternauon testing), 
the mice were placed on the inchned screen and three separate la-
tencies were determmed: the ume eiapsed before (1) [bey turned 
to face upward; (2) they reached the top of the screen; and (3) they 
feli (cutoff point: 120 sec). Whenever a mouse reached the top, 
that tnal ended and a score of 120 was given for the third latency. 
Whenever a mouse fell, a value of 120 was given for the second 
measure. There were nvo trials dunng a single day of testing. There 
were 23 lurchers perforrrung Mis test, instead of 28. 

RESULTS 

The normal mice altemated above chance at all three 
retention intervals [0 min, xi (1) = 4.48; 3 min, x2 (1) = 
4.48,p < .05; 10 min, x2  (1) 4.0, p < .05]; lurcher mu-
tants altemated at 0 [x2  (1) = 4.76, p < .05], but not 
at 3 [x2 (1) = 0.32,p > .05] or 10 min [x2 (1) =0.57, 
p > .05] (see Table 1). 

In the emergence test. there were no group differences 
(Wilcoxon rank sum) between the rwo- and four-paw cri- 
tenon finclined screen = latency before reaching top: 
R(9.23) = 108, p > .05; emergence test =- four-plaw cri- 
tenon: R(9.28) = 137, p > .65] (s= Table 2). In spite 
of ataxia, in the inclined screen test the lurcher mutants 
were able to turn around and reach the top of the screen 
as quickly as the normal mice were. and rarely fcll off 
of the scrcen (sec Table 2). 

DISCUSSION 

In the spontaneous alternauon tcsung, the lurcher mu-
tant mice alternated at the 0- but not ai the 3- or 10-min 
Intervals. In a previous study (Lalonde et al.. 1986), 
lurcher mutants did not alternate in a rwo-u-ial test in which 
they were kept in the arm for 1 min dunng the forced 
tnal. In the present srudy, the mutants were immediately 
placed back into thc stem of the mazz and were found 
to alternate above chance. The results of the present ex- 

Table 1 
Mean Percentages of Spontaneous Alternation Rate 

in Normal and Lurcher Mutant Mice 

Group 

Retenuon Interval (Minutes) 

0 3 10 

Normal (n=9) 70* 70* 67' 
Lurchers (n=28) 67" 57 54 

p< .OS (chi-square test). 

periment agree with the hypothesis that the spontaneous 
alternation cieficit found in lurchers is due to a spatial 
memory or attentional defect, rather than a defect in be-
havioral inhibition. The results of the emergence test show 
that the lurcher mutants entered the open field at the same 
Ume as the normal mice did, therefore indicating no dis-
inhibitory tendencies. Had the lurchers emerged more 
quickly, this would have been an indication of a lack of 
anxiety or a tendency toward disinhibition, because nor-
mal mice tend to be cautious, emerging slowly from a 
small comparmient toward an open field. It may be that 
the lurchers would have emerged more quickly but wcre 
prevented from doing so because of ataxia. However, the 
lurchers had normal activity levels in T-maze exploration 
(Lalonde et al., 1986), so we do not think that ataxia 
prevented them from an early departure. Instead, in this 
particular test of anxiety, the lurchers did not behave 
differently from the normal 'Mec. This does not exclude 
the possibility of group differences in other tests of anxi-
ery or neophobia. But in the present investigation, be-
havioral inhibition, as defined by perseverative rr—sponciing 
in the no-delay condition of T-maze testing or by early 
emergence toward an open field, was not observed in the 
lurcher mutant mice. 

At first glance, the lack of a group difference in the 
inclined screen test may see surprising, considering the 
obvious ataxic gait of these mutants. Previously, lurchers 
have perforrned well in some tests, including the wooden 
br_am test. In the more challenging (using a 2-mm thin steel 
bar instead of a 1-cm thin wooden bar) coat hanger test, 
however, they were deficient (Lalonde et al., 1992). The 
lurchers were able to climb as well and as quickly as the 
normal mice, in spne of their hesitant gait, and managed 
to reach the top with few of them sliding and falling off. 

Previously, we have tested lurchers in a multiple-trial 
version of spontaneous alternation and have found alter- 

Table 2 
Means (Mi and Standard Devtations (SD) for the Emergence and 

Inclined Screen Tests Watt Normal and Lurcher Mutant Mice 
Emergence Test Inclined Screen Test (Seconds) 

  

Group 

Two-Paw Cruenon Four-Paw Cntenon Latency 1 Latency 2 Latency 3 
M SD M SD M SD M SD M SD 

Normal 
Lurcher 

89.6 
99 9 

67.: 
73 " 

178.9 
141.8 

61.8 
82.1 

11.0 
11.8 

7.4 
13.9 

52.2 
41.2 

21.8 
26.8 

120 
117.9 

0 
9.6 

Note—Normal mice. n = 9, iurcner mutants. n = 28 for emeraence test and n = 23 for inclined screen 
test. Latency 1 = cime ccrore turrung. Latenc-y 2 = urne to reach top of &erten. Larency 3 = urne before 
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nation to be above chance (Lalonde et al.. 1986). More 
over, the lurchers aiternated above chance in a conditio 
in which, on the first trial, they were constantly exposed 
to the same side over days (Lalonde et al.. 1988). To-
gether with the results of the present srudy in the no-delay 
condition, these data indic= that lurchers are able to in-
hibit responding to the inappropriate stimulus. This does 
flot exclude the possibiliry of finding inhibitory defects 
in °cher tests. However, the present available data agree 
with the hypothesis that the cerebellum is involveci in spa-
tial memory (Lalonde et al.. 1986). Human patients with 
cerebellar disease do not suffer from general amnesia, but 
this does not mean that specific funcrions such as spatial 
memory may not be impaired in such groups (Lalonde 
& Botez, 1990). Learned alternation in a water maze is 
impaired in rwo other cerebellar mutants (weaver and 
staggerer mice), a result that is also congruent with the 
hypothesis of impaired spatial memory in animais with 
cerebellar disease (Lalonde, 1987; Lalonde & Botez. 
1990). Rats with cerebellar lesions caused by X-irradiation 
are also impaired in water-maze altemation tests (Pelle- 
gnno & Altman, 1979). 

The prescrit results found for delayed alternauon test-
ing in lurchers differ from those of rwo °cher cerebellar 
mutants (weaver and staggerer) in that perseverauon in 
the latter mutants was found. even with no delay (Lalonde, 
1986, 1987). This difference may be explained by van-
ous morphological abnorrnalities. Weaver murants have 
fewer substanua nigra cells (Triarhou, Norton. & Gherti, 
1988) and cerebellar granule cells (Hirano & Dembitzer, 
1973). Staggerer mutants resemble lurcher murants in 
terrns of a depletion of cerebellar granule cells, Pu:1(1am 
cells, and infenor olive fleurons (Man & Eisenman. 1985: 
Herrup &t Mullen, 1979). There is aiso a reducuon in deep 
nuclei weight in staggerers (Roffler-Tarlov & Sidman, 
[978), which has not been descnbed in lurchers. wherc 
the deep nuciel are reported to be intact (Caddy & Bns-
coe. 1979). It is our hypothesis that the cerebellum is in-
volved, by means of cerebello-limbic or cerebello-corucal 
pathways (Lalonde & Botez. 1990), both in spanal memory 
and behavioral inhibition, but the behavioral phenorype 
depends on the partem and amount of neuropathology in 
the cerebellum and whether extracerebellar abnormalmes 
are present. Spatial memory deficits could be cause.d by 
biochemacal changes in limbic or neocorucal areas sec-
ondary to cerebellar degeneranon, as has been posrulated 
to be the case for the neuropsychological imparments oo-
served in human pauents with heredo-degeneranve armas 
(Botez, Gravel. Attig, & Vézina. 1985; Botez. 
& Botez, 1989). Thus, the cerebellum is conceived not 
as the locus of a spatial memory engram, but rather as 
a sue modulating higher level bran] centers involved in 
spatial memory (Lalonde & Botez, 1990). 
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Abstract 

The effects of amantadine and ketamine were compared ro a placebo in a coat-hanger test on lurcher mutant raice. This test measures motor coordinauon and is dependent on cerebellar functioning. Both drugs improved motor coordination of the cer-• 
ebellar mutants in that the cime taken to reach the side-bar according to a 2 paw chterion was decreased during the drugged 
condition in companson ro the non-drugged condition. This result mdicates that NMDA receptor antagonists may improve motor 
coordinauon in animais with ccrebellar disease. 

Recent open clinical trial findings [4,5) have indi-
cated the prospect of improving the motor deficits tn 
inhented spinodegenerative cerebellar ataxias such as 
olivopontocerebellar atrophy and Friedreich's ataxia. 
Visual and auditory reaction urnes and movement Urnes 
were improved in both patient groups after chroruc 
administration of amantadine [4,5 ]. This is a dopamine-
releasing agent [19]. Memantine, an amantadine ana-
logue, has N-methyl-D-aspartate antagonist (NMDA) 
propenies [3,11]. Ataxia scores were improved with 
amantadine in Friedreich's ataxia patients [16]. The 
amelioration in reaction and movement times is prob-
ably not due strictly to dopamine activation because it 
was not correlated ro initial low levels of the dopamine 
metabolite, homovanillic acid [5]. In view of these en-
couragmg results, we have initiated expenmental stud- 
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ies with amantadine and the NMDA antagonist, ket-
aitune [14], in an effort to reverse motor deficits in an 
animal model of cerebellar disease: lurcher mutant mice, 
whose main characteristics include degeneration of 
Puricinje cells, gxanule cells and inferior olive cells 
[6,20,21]. Ketamine is not a direct dopamine-releasing 
agent [1,10]. As a dopamine-reuptalce inhibitor, it is 
10,000 times less potent than GBR 12909 [10]. How-
ever, dopaminergic mechanisms may be activated in an 
indirect way by this drug because NMDA receptor an-
tagonists are potent activators of A10 (ventral tegmen-
tal) neurons [8). This interaction may explain the re--
semblance between the behav-ioral effects of NMDA 
receptor antagonists and dopamine activators. These 
agents cause similar brain field potentials in the rat [7]. 

In the ketamine study, ten lurcher mutant mice (7 
females, 3 males, age: 2 months) were used, half being 
randomly assied either to a placebo group (0.9% 
saline) or to a ketamine group (10 mg/kg, i.p., from the 
base, injection volume = 2 cc,,  kg, Parke-Davis, Mont- 



r e al). A ni m ai s w er e i nj e ct e d wit h k et a mi n e or pl a c e b o 
e v er y d a y f or 1 0 d a y s a n d t e st e d i n t h e c o at- h a n g er t e st 
[ 1 2] 2 0 mi n aft er i nj e cti o n. Aft er t hi s 1 0 d a y p eri o d, a 
7 d a y w a s h o ut p eri o d i nt er v e n e d, f oll o w e d b y a s e c o n d 

1 0 d a y p eri o d i n w hi c h mi c e r e c ei vi n g pl a c e b o w er e 
ari mi ni st er e d k et a mi n e a n d mi c e r e c ei vi n g k et a mi n e 
w er e a d mi ni st er e d pl a c e b o. 

T h e mi c e w er e pl a c e d i n t h e mi d dl e of a t hi n h ori-
z o nt al b ar (l e n gt h = 4 0 c m, di a m et er = 2 m m) of a c o at-
h a n g er of tri a n g ul ar s h a p e m a d e of st e el (l e n gt h of di-
a g o n al si d e- b ar s = 1 9 c m, i n cli n ati o n = 4 5 °) a n d t h e 
i m e t a k e n t o r e a c h o n e of t h e si d e- b ar s w a s d et er-
ni n e d. T h e r a m e b e g a n t h e t e st u p si d e cl o w n a n d a p-
7 e ar e d m oti v at e d t o m o v e a cr o s s t h e h ori z o nt al b ar 
i n d t o att e m pt t o cli m b o n e of t h e si d e- b ar s i n or d er 
o a c hi e v e a st a bl e ri g ht- si d e- u p p o siti o n. I n a pr e vi o u s 
t u d y [ 1 2], t h e c o at- h a n g er w a s h el d i n pl a c e l o o s el y 

r o m a v erti c al p ol e. I n t h e pr e s e nt st u d y, t h e c o at-
, a n g er w a s h el d fir ml y i n pl a c e wit h m a s ki n g t a p e. 

>r eli mi n ar y st u di e s h a d i n di c at e d t h at t hi s a p pr o a c h 

i a xi mi z e d p erf or m a n c e s: t h e mi c e c o ul d r e a c h t h e e n d 
f t h e h o n z o nt al b ar wit h o ut h a vi n g t h e b ar l e a n d o w n-

f ar d b e c a u s e of t h eir w ei g ht _ T h e c o at- h a n g er w a s 
l a c e d at a h ei g ht of 8 2 c m fr o m a t a bl e wit h a s oft 
l a n k et s pr e a d o ut f or t h e p ur p o s e of c u s hi o ni n g t h eir 
L 1 1 5. F o ur l at e n ci es w er e d et er mi n e d wit h a st o p- w at c h 
y a n e x p eri m e nt er b a n d i n r e g ar d t o dr u g tr e at m e nt. 
at e n ci e s 1- 3 m e a s ur e d t h e ti m e ei a p s e d b ef or e t h e 
i c e r e a c h e d eit h er si d e- b ar (t h e mi c e w er e al w a y s p o -

Li o n e d t o w ar d t h e ri e ht b ut s o m eti m e s t ur n e d l eft) 
it h r w o (l at e n c y 1), t hr e e (l at e n c y 2), or all f o ur p a w s 
it e n c y 3) t o u c h m g t h e di a g o n al b ar. L at e n c y 4 w a s t h e 
n e el a p s e d b ef or e a f all. T h u s, l o w v al u e s f or l at e n-

i s 1- 3 i n di c at e s u p e n or p erf or m a n c e (r e a c hi n g t h e 
i e- b ar q ui c ki y) w hil e i o w v al u e s f or l at e n c y 4 i n di c at e 
' eri or p erf or m a n c e (r a pi d f all s). I n a d diti o n, t h e n u m-
r of s u c c e s sf ul h alf- w a y a n d c o m pl et e cli m b s t o t h e 

of t h e h a n g er w a s t a b ul at e d. W h e n e v er a m o u s e 
i c h e d t h e t o p, a v al u e of 6 0 s ( m a xi m al s c or e) w a s 
' e n f or l at e n c y 4. T h e c ut- off p oi nt f or a n y tri al w a s 
s. T h er e w er e 2 tri al s a d a y, s e p ar at e d b y a p pr o xi-
it el y 5 mi n, a n a p pr o pri at e r e st-t u n e, a s w e h a v e 
u ni n o e vi d e n c e of tir e d n e s s o n tri al 2 wit h Uli s i n- 
v al. 

I n t h e a m a nt a di n e st u d y, pr eli mi n ar y e x p e n m e nt s 
1 i n di c at e d t h at t hi s dr u g s e e m e d s u c c e s sf ul i n ar n e- 
•ati n g t h e m ut a nt s wit h t h e l o w e st s c or e s i n t h e t e st, 
n ot t h o s e wit h t h e hi g h e st s c or e s. T hi s diff er e n u al 

: ct w a s n ot s e e n wit h k et a mi n e. T h er ef or e. w e s e-

e d t h e 1 1 l o w e st p erf or mi n g m ut a nt s ( 6 f e m al e s. 5 
. e s, a g e: 1- 5 m o nt h s) a m o n e a er o u p of 2 2 a n d a s-
i e d t h e m r a n d o ml y t o a pl a c e b o gr o u p ( 0. 9 °,;, s ali n e) 
: o a n ar n a nt a di n e er o u p ( 4 0 m g/ k g, i. p., 2 c ci k e, 

6 0 mi n p o st-i nj e cti o n. D u P o nt d e N e m o ur s. Wil mi n g-

t o n, D E). T w o of t h e s e 1 1 m ut a nt s h a d t a k e n p art i n 
t h e k et a mi n e st u d y b ut h a d n ot t a k e n t h at dr u g f or o v er 
o n e m o nt h. A s i n t h e pr e vi o u s e x p eri m e nt, a ni m ai s 

w er e i nj e ct e d wit h a m a nt a di n e or pl a c e b o e v er y d a y f or 
1 0 d a y s a n d t h e n aft er a 7 d a y w a s h o ut p eri o d, t h e 
p h ar m a c ol o gi c al tr e at m e nt s w er e r e v er s e d f or 1 0 a d di-
ti o n al d a y s. A 7 d a y w a s h o ut p eri o d s e e m e d a p pr o pri-
at e i n vi e w of e vi d e n c e t h at e x cr eti o n of a m a nt a di n e i s 

c o m pl et e wit hi n 1 2 h aft er or al a d mi ni str ati o n i n mi c e 
[ 2]. At t h e s e d o s e l e v el s, n eit h er k et a mi n e n or a m a n-
t a di n e c a u s e d vi si bl e si d e eff e ct s a n d di d n ot d e cr e a s e 
b o d y w ei g ht s. Dr u g d o s e s w er e d et er mi n e d f oll o wi n g 

pr eli mi n ar y e x p eri m e nt ati o n a n d o n t h e b a si s of pr e vi-
o u s b e h a vi or al t e st s i n n or m al r o d e nt s [ 1 3, 1 8]. 

I n n eit h er st u d y di d w e d et e ct or d er of pr e s e nt ati o n 
( dr u g fir st v e hi cl e s e c o n d or t h e r e v er s e) or pr a cti c e 

( s p o nt a n e o u s i m pr o v e m e nt o v er tir n e) eff e ct s a s d et er-
mi n e d b y t h e Wil c o x o n m at c h e d- p air s si g n e d-r a n k s t e st 
( P > 0. 0 5). 

I n t h e k et a mi n e st u d y, l ur c h er m ut a nt s h a d l o w er 
v al u e s f or l at e n c y 1 u n d er k et a mi n e t h a n u n d er pl a c e b o 
( W + 1 0 = 1 1, P =0. 0 5). T h er e w er e n o diff er e n c e s b e-
t w e e n dr u g c o n diti o n s f or t h e ot h er t hr e e l at e n ci e s or 
f or t h e n u m b er of s u c c e s sf ul cli m b s ( h alf- w a y or t o t h e 

t o p) ( T a bl e I). L at e n ci e s a n d s u c c e s sf ul cii m b s i n T a bl e 
I r efi e ct t h e t ot al v al u e p er d a y ( m a xi m al s c or e: 1 2 0 s 

f or l at e n ci e s a n d 2 f or s u c c e s sf ul cli m b s). T h u s, l ur c h er 
m ut a nt s r e a c h e d t h e si d e- b ar m or e q ui c kl y w h e n i n-
j e ct e d wit h k et a mi n e t h a n pl a c e b o a c c or di n g t o t h e 2 
p a w b ut n ot t h e 3 or 4 p a w crit e n a. T h e i m pr o v e m e nt 

f or l at e n c y 1 ( 2 p a w c nt eri o n) w a s mil d ( m e a n diff er-
e n c e: 7. 2 s or a p pr o xi m at el y a 1 0 °,/ i m pr o v e m e nt), y et 
i m p ort a nt b e c a u s e t h e m aj o nt y (7 /1 0) of t h e m ut a nt s 
h a d l o w er l at e n ci e s wit h k et a mi n e 

A m o n g t h e 1 1 l ur c h er m ut a nt s t e st e d, 9 i m pr o v e d 
a n d t h e r e w e r e 2 ti e s u n d e r a m a nt a di n e ( W + = 0; 
df = 9; P < 0. 0 0 1) f or l at e n c y 1. T h e ot h er l at e n ci e s a n d 
t h e s u c c e s sf ul cli m b s m e a s ur e w er e n ot alt er e d b y t h e 
dr u g ( T a bl e II). T h er e w a s a 9. 5 s or 8. 3 % d e cr e a s e i n 

T A B L E 1 

M e a n ( S D) l at e n ct e s a n d s u c c e s sf ul c h m b s c o c u- h a n g e r t e st f o r l u r c h e r 

m ut a nt r r u c e ( n 1 0) u n d e r 1 0 m g/ k g of k et a n u n e o r pl a c e b o 

D r u g 	 L. at e n c y L at e nt) ,  L c u e n c y L at e n ci S u c c e s sf ul S u c c e s sf ul 
1 	 2 	 3 	 4 	 cl urt b s 	 c h m b s 

( h olf-t e a y) ( r o t h e t o p) 

	

1 0 8. 9 	 0. 6 
	

0. 4 

	

( 9. 5 ) ( 0. 8 ) 
	

( 0. 7) 

	

1 0 7. 4 	 0. 7 
	

0. 6 

	

( 1 1. 1 ) 	 ( 0. 8) 
	

( 0. 7 ) 

• 

Pl a c e b o 	 7 5. 4 
	

9 0. 4 
	

9 3. 7 

	

( 3 8. 6) 
	

( 3 4. 1) 
	

( 3 2. 7) 

K e t a m i n e 6 8. 2 * 8 7. 8 9 1. 9 

	

( 3 9. 7) 
	

( 3 3. 4) 
	

( 3 3. 0) 



TABLE II 

.Wearr(S.D) latenctes and successful ciimbs in cocu-hartger test for iurcner 
mutant mIceyn I l Linder 40 rnirikg of arnancadine or placebo 

Drug Laiency Larency Latency Laiency Sucres:Ail Successlid 
I 2 .1 4 clin= 	climat 

(half-way) (ro the top) 

Placeoo 114.4 119.7 120.0 116.1 0 
(6.3) (34.1) (0) (3.3) (0) 	) 

Arnantadine 104.9 117.1 118.3 113.6 
(17.6) (4.5) (2.2) (7.9) 

0.1 	
O (0.3) 

• P<0.001. 

latency 1 during amantadine treatment. Latencies 1 - 3 
are higher in. this srudy than in the previous- one because 
the lurchers were pre-selected on the basis of low ini-
ual scores. 

The resuits uadicate that ketamine and amantadine 
permitted lurcher mutants to reach the side-bar more 
auicic.ly chan placebo. This was crue only for the 2 paw 
(latency 1) and not the more difficult 3 or 4 paw criteria. 
In this test, the mice appeareci motivated to reach the 
sicle-bar in orderto artain the right-side-up position. On 
most occasions, they were unable to achieve a stable 
(aji 4 paws) position on the side-bar, but were never-
theless often able to climb the side-bar with their two 
front paws. Larency 1 is necessarily always shorter (or 
equal when the mice cannot tOLICil the side-bar) than 
larencies 2 and 3 because the anunals must first reach 
the side-bar with 2 paws before reaching it with 3 or 4 
paws. Latencies 2 and 3 may be descnbed as more 
difficult in the sense that many animais although ap- 
parently mouvated to do so, had exu-erne difficulty in 
achieving a stabie nght-side-up position while being 
able at least to touch the side-bar. 

In this test procedure, amantadine and ketamine 
improved motor coordination in a similar manner, i.e. 
by lowermg latency 1. Since ketamine is not a patent 
dopamme-releasing agent or reuptake blocker [1,10], 
the improvement round with amantadine in chialcal 
srudies [4,5,16] and the present ex-penmental sruciy may 
not be compietely due to the dru/es enhant-r_ment or 
dopammergic cransimssidci 1191. This- is also incucated 
by evidence that the amantadine-induced decrease in 
reacuon and movement umes rri heredo-degenerauve 
ataxias occurred irrespecuve of iruual hornovanillic acid 
leveis in the cerebrospinal fluid [5]. Thus. our hypo-
thesis is that amantadine unproves sensonmotor pro-
Cesses at least partly by NMDA recebtor.aruagonism. 
This is incicated by trie improvement round in the 
present study by the NMDA receotor antagonist. ket-
amine. Because of the within-subtect design over the 

course of 10 days, we do not ascribe the improvemcrit 
to biockin,g, of the ,neurotoxic acuvity ot excizator.-  
arnino acids [9,17]. Insiead, we hypothesize that rTru s 
improvement is caused by short-terra alterauons of 
glutamaterpc funcuons in the cerebellum and/or of in-
teractions berween the .cerebellum and extra-cerebeilar 
giutamatergic pathways. 

NMDA receotors in the cerebellum are found on 
granule cells [15j. These cens are severely depleted in 
lurcner.mutants [6,20,21]. The NMDA receptors that 
remain may be supersensitive. Antagonism of these re- 
ceptors in the cerebellurn may activate residual motor 
functions toward improved performance. It is also pos- 
sible that NMDA receptor antagonism of cerebellar- 
reiated pathways at various levels of the neuraxis pro-
moted berter coordination. These hypotheses may be 
tested by means of intracerebral injections of NMDA 
recepcor antagonists. Therefore, amantadine therapy 
may be effective in ataxic patients not oaly by long-
acting protection of cerebellar granule cells but also by 
snort-term mechanismi involving the cerebellum and 
g,lutamatergic pathways. 
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Key worris: Cerebellum; Discrimination learning Luther mutant 

Lurctier mutants %vert evaluated in the acquisition of a visual discrimination learning task with water escape as a reward. In comparison to 
normal =ce. lurchers were unpaired in discrimination leartung in a manner not explainable by motor deficirs. Although in initial triais the 
mutants had difficulty zn finding the correct invisible platform. m agreement with previous findings of deficirs in visuo-spatial organization, they 
evenrually were able to find the quadrants where one of two platforms was situated but even so took longer to reach criterion in choosing the 
correct one. These results agree with the hypothesis Mat the cerebellum is invoived in the acquisition of visual discrimination tasks in :Mec. 

INTRODUCTION 

Kawarnura and Brodal8  outlined two main visual 
systems entering the cerebellum from different pontine 
regions. The first is the tecto-pontocerebellar pathway 
that terminates in the visual region of the vermis. The 
funcnonal significance of this pathway is likely reiated 
to eye movement control and spatial orientanonw. The 
second pathway is the visuocortico-pontocerebellar 
pathway that terminales in the cerebellar hemispheres 
(more recent results have indicated pathways from 
parierai and supenor temporal regions14-15 ). Rostral 
pontme cells receiving occipital input arc sensitive to 
movement and orientation and not to shape, and so the 
5unctiona1 significance of this pathway may also bc 
-elated to spatial orientation1-5. There are indications 
:bat the latter pathway may subserve other forms of 
earning such as discnmination learning9. Interruption 
if the occipito-pontine pathway impaired shock avold-
ince discrimination learning in the rat7-19. Cerebellec-
omy is reported no t to cause such a deficit 18-17. How-
ver, this was evaivated with a single animal. in one 
tudy 16  and only three anirnals in the other'7. On the 
ther hand, Buchtel 2  reported deficirs in simultaneous 
iscrimination learmng atter cerebellar hemisphere le- 

sions under hig,h but not low shock conditions. The 
goal of the present srudy was to evaluate the role of 
the cerebellum in discrimination learning by using 
lurcher mutant mice in a water escape task. 

Lurcher mutants are charac-terized by depletion of 
cerebellar Purkinie cells, granule cells and inferior 
olive ce11s3.6. Mossy fibers are reported to be intact in 
this mutant but deprived of their granule cell terminal 
projections3. No retinal defects have been reported. 
Thesc mutants have spatial learning deficits in a water 
maze escape task w. Because of this, we added control 
conditions in order to ensure that discrimination errors 
are not secondary to navigational skills. In the first 
experiment, two visible platforms were available, one 
with a wire-mesh that permitted the rnice to escape 
from the water and the other without the wire-mesh, 
preventing the mice from climbing aboard. The pur-
pose of this study was to evaluate whether lurchers 
tend to bump against an inappropriate stimulus in-
volontarily and whether they persevere in malcing er-
rors. In the discrimination test, the platforms were 
invisible but were proximal to visible discriminanda (a 
black card and a white striped card). Quadrant entries 
and latencies were deterrnined in order to monitor the 
navigational skills of the mice. 

2rresponaence: 
R. Lalonde. Hôtei-Dieu Hospicai. Neurology Service, Neurobiology Laboratory, Montreal. Que. H2W 1TE. Canada. 

Fax: X514)843-2.715 



3 5 est day 
.49.8 35.5 34.2 26.7 23.7 21.0 

(14.9) (7.9) (11.2) (6.5) (4.8) (3.4) 
39.3 30.3 32.3 29.7 22.8 20.2 (10.3) (9.9) (13.9) (7.9) (2.7) (2.7) 

1 2 3 4 5 last day 
173.9 102.0 103.0 60.9 44.3 24.6 
(44.4) (47.4) (47.0) (22.9) (13.9) (5.2) 
129.0 96.9 96.8 69.1 34.1 21.8 (58.3) (65.9) (83.2) (42.2) (10.8) (5.3) 

Lurcher 
mutants 

germai 
nice 

TABLE I 

Visible platform testing (means and S.D.) in lurcher mutant mice (n = 13) and normal nuCe (n= 9) (P = persevering; NP = non-perseuenng) 

Groups Quadrant entres 
Days 

Latences 
Days 

Errors 
Days 

1 1 2 
NP NP 

Lurcher 
mutants 

Normal 
=ce 

31.5 
(7.6) 

31.0 
(6.5) 

25.1 
(4.4) 

26.9 
(5.6) 

82_5 
(37.2) 

136.7 
(65.3) 

65.2 
(2.3.3) 

91.6 
(55.6) 

3.8 
(1.8) 

3.2 
(1.6) 

1..3 
(1.1) 

2.1 
(2.2) 

3.9 
(1.4) 

2.6 
(1.3) 

1.8 
(1.9) 

1.2 
(1.6) 

MATERIA_LS AND METHODS 

Animais 
Thirteen (6 females, 7 males) lurcher mutant mice and 9 (5 

females, 4 males) control mice (B6CBACA-Aw-I /A) were obtained 
at 1 month of age from Jackson Laboratory (Bar Harbor, ME) and 
tested at 3 months of age. They were kept in a temperature and 
humidiry controlled room and tested in an adjacent expenmental 
rOOM. 

Apparatus and procedures 
In the first expenment (swiming toward a visible goal), the mice 

were placed in a water basin (45x35 cm, height of %vans: 13 cm, 
temperature: 27°C) starting at all umes from the south position. Two 
platforms (diameter 6.5 cm) were visible above the water surface: 
one covered with wire-mesh, enabling the =ce to escape and the 
other uncovered. These platfomis were placed in euher the nanti-
west or nonheast quadrants. the positions being changed according 
to Fellows sequence 1 and 34. There were 8 Mals a day for 3 days 
with an intertnal interval of approxirnately 5 min (mice run in squads 
of 11). The number of errors (both persevering and non-persevenng) 
were determined. together with quadrant entnes (the basin being 
separated into 4 quadrants) and latencies. A non-persevering error is 
the first error within a trial. whereas a persevenng error is defined as 
any subsequent error after the first one. 

ln the discrimination test, run in the same basin (with slightly 
cooler water (22°C) mixed with powdered milk to ensure maximal 
performance), the same procedure was applied except that the 
platforms were invisible (below water level). The discnrrunanda were 
cards (height: 27.3 cm, width: 8.4 cm) made of cardboard that were 
held in place by masking tape directly behind and over the platforms 
against a white wall and touching water level. The positive stimulus 
(S +) was a white card with black horizontal stnpes and the negative 
stimulus was a black card. This task is sirnilar to that descnbcd by 
Whishaw and Petnen. Because the background wall and basin were 
white. we considered the use of the striped white card as the 
appropnate S 	since using the black card as S + would have made 
the task too easy. Whishaw and Petne:1  showed that placing a 
curtain around the basin to eliminate spatial cues did not alter the  

difficulty of visual discrimination tests, and so none was used here. 
The positions of S+ and S- were determined by the same Fellows 
sequence as noted above. The test was run until the mice reached 
criterion as defined by 14/16 correct responses (87%) over 2 -days. 
The number of trials to criterion was measured together with quad-
rant entries and latencies up to 17 days of testing. Whenever an error 
occurred, the platforrn was tipped over by the experimenter's hand in 
order to prevent the mice from climbing aboard, and so there were 
no persevering errors in this test. 

RESULTS 

In the first experiment, there was no difference 
between lurchers and normal mice in terms of perse-
vering or non-persevering errors, quadrant entries or 
latencies (Table 0. This is not a learning test because 
of the low number of errors even in the beginning of 
testing. All mice, after a few errors, quickly avoided the 
uncovered platform and headed toward the platforrn 
covered with wire-mesh. 

In the discrimination test, lurchers had more trials 
to criterion chan normal mice (120  = 2.63; P < 0.01) 

TABLE 11 

Sfean (S.D.) number of trials to criterion in discrimination learning for 
lurcher mutant met,  (n = 13) and normal mice (n 

Groups 	 Trials to cntenon 	Niunber of mice 
achieutrig criterion 

Lurcher mutants 	95.4 (32.7) 	9 
Normal mice 	59.6* (29.4) 	9 

• P < 0.01. 

TABLE III 

Mean 	
'nimber of quadrant entres and latences in lurcher mutant mice and normal mice during the discrimination learrung task 

Groups 	Quadrant entnes 
Days 

  

 

Latences 
Days 
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(Table II). Ali controls reached criterion, whereas 4/13 
lurchers did not reach criterion within the aliowed 
rime. A 2 X 5 ANOVA (2 experimental groups, 5 days) 
with repeated measures on the second factor was per-
formed for the quadrant measure. Day 5 was the first 
day where a normal mouse reached criterion. Thus, 
only during the first 5 days were all mice performing 
the test. The main group effect showed only a tendency 
(F1.21 = 3.28, P = 0.09) toward significance with 
lurchers having higher values than mice. The days 
effect was highly significant (F4.84  = 14.41, P < 0.01) as 
both groups had lower quadrant entrics over days 
(normal mice: r8  = 11.09, P < 0.01; !archers: t12  11.75, 

< 0.01). The groups X days interaction was not signif-
icant (F4.84  = 1_39, P> 0.1). 'There were no group dif-
ferences in terms of crrors during the first 5 days of 
testing as both groups were at chance levels (only 2/9 
normal mice had reached criterion at that point). 
Lurcher mutants had higher latencies during day 1 
(Z = 1.84, P < 0.05, Mann—Whimey) and this was aiso 
the case during day 5 (Z = 1.7, ./)< 0.05) but not their 
final day of testing (Z = 1.14, P> 0.05). Both groups 
had lower latencies on day 5 in comparison to day 1 
(W -r = 0 for both groups, see Table III). 

DISCUSSION 

The results of this study indicate that lurcher mu-
tant mice are impaired in simultaneous discrimination 
learrang. This impainnent is not caused by an impair-
ment in navigation skillsm  for the following reasons. In 
the first experiment, lurcher mutants were not more 
likely to bump against the inappropriate stimulus (the 
non-covered platform) and did not commit more perse-
venng errors. Moreover, during discrimination testing, 
there was only a tendency toward a higher number of 
quadrant entries seen in !archers (Table II). The higher 
latencies scen in 'archers were more mnifest but 
disappeared eventually at the end of training. The 
initial difficulty in fuiding the correct platform is in 
agreement with previous results of a visuo-spatial im-
pairment in lurchers1°. With repeated trials, lurchers 
were able to localize the approximate position of the 
platforms (aiways found in one of the two south quad-
rants), but even so were fess able to choose the correct 
one, whose position varied from tnal to trial in a 
context where spatial eues were irrelevant. Therefore, 
we interpret these results as an indication of a non-
spatial discrimination deficit in lurchers. 

It remains to be deterrnined whether acquisition of 
simultaneous discrimination learning is irnpaired in 
lurchers or other cerebellar lesioned animais in tasks 
rnotivated by food reward. Only by performing those 

experiments would it be possible to conciude that the 
cerebellum is involved in the associative processes re-
quired for such learning. Are the results generalizable 
to other paradigms or are they specific to the water 
maze situation? In the present task, the discriminanda 
were placed as ciosely as possible to the platforms in 
order to facilitate learning. In addition, since mice 
swim with their head up, the discriminanda were elon-
gated to a sufficient height in order to minirni7e  the 
visual scartniiag movements neceRsary to salve the task. 
Nevertheless, it is possible that the discrimination 
learning deficit reported here is a result of visuo-motor 
processes specific to the swimming task. Such questions 
can only be resoived with the use of food reinforced 
tasks. 

The present results are in agreement with the hy-
pothesis that the cerebellum is involved in discrimina-
tion learning9. Although negative results have previ-
ously been presented as to cerebellar participation in 
discrimination 1earning16.17, this was evaivated with few 
animais and only in shock avoidance tests. Water maze 
paradis appear to be a fruitful approach in that 
cerebellar lesioned animais swini with some efficiency 
and with repeated trials do not necessarily take longer 
to reach an escape platform. 

The neural basis of discrimination learning inciudes 
the 	retino-geniculo-occipito-temporal pathway 13.18. 
Mishicin et al13  have hypothesized a corticofugal path-
way to the striatum and Thompson and colleagues7J9  a 
corticofugal pathway to pontine nuciei. The cerebellum 
and stria= may be conceived as areas important in 
sensorimotor integration, including the form of associa-
tive learning required in discrimination learning. It 
is alreacfy known that the cerebellum is involved in 
dassical conditioning of the nictitating membrane re-
sponseIL=, another stimulus-response type task. In that 
task, however, the cerebellum is considered to be es-
sential and necessary", whereas in discrimination 
learning the cerebellum may orlly have a modulating 
role in acquisition but not necessarily in retention of an 
already acquired response. Whether the deficit in dis-
crimination learning found here may be generalyzed to 
other types of cerebellar lesioned animais and other 
kinds of tests and whether this deficit is aiso found in 
striatally lesioned animais should be the object of fur-
ther investigation. It is our hypothesis that the cerebel-
lum and the stria= participate in this form of stimu-
lus-response learning. The cerebellar hemispheres may 
receive visual input for this type of learning from the 
cortico-pontine pathway and may send it to the red 
nucleus since lesions of the latter area impaired dis-
crimination learning in rats12. although a negative re-
sult has been reported in monkeys20. 
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LALONDE, R.. C. C. JOYAL AND M. I. BOT EZ Erploran on and motor coordinarion in dysronia nursculorren 	PHYSIOL 
BEHA V 56(2) 277-280, 1994.—Dystorua muscuiorum (dt) mutant nuce, charactenzect by degeneration of spinocerebellar tracts. 
were uni:num-ci in ternis of horizontal and vertical motor activity, bote poking. exploration. and motor coordination. ln tests of 
motor coordination. their deficus were more severe chan chose of previously tested mutant mice with degeneration of cerebellar 
tells. However, unlike ocher cerebellar mutants. dt mutanu alternateid above chance leveis in a two-tnal sponcaneous alternation 
test wtuch is a test of inhibitory tendencies and spanal onentanon. and so dt murants may not be impaired in Mese functions. 

Dystorua musculorum mutant mice Spinocerebellar fibers 	Motor activiry 	Motor coordination 

   

DYSTONLA musculorum (dt) mutant mice are characterized by 
dezeneranon of rwo pnmary sensory fibers (dorsal root afferents 
from spinal gang,lia and nigemmal afferents onginanng from the 
nigerninal ganglion and the trigeminal mesencephalic nucleus) 
and one secondary system. the spmoderebellar projection (8.20). 
Dystrophie axons in the spinal cord of dt mutants can also be 
found n other neuroloecal mutants (4). There is a lack of de-
generauve fibers in spinothalarruc, medial lemruscus. and tri-
geminothalarruc tracts (20). General behavioral observations in-
dicate that Mese mutants arc severely affected ui terms of control 
of Lumbs movernents, as would be expected from arumals with 
spinocerebellar degeneration because this pathway zs kmown to 
be involved in the control of limb rnovements (1.23,19). To our 
knowledee. there is no report on the behavioral charactenstics of 
this mutation. The purpose of the pre.sent srudy was to evaluate 
explorauon and motor coordination in these mutants in compar- 
ison to normal litterrnate controls. Most of the tesu performed 
have prevmusly been used in the evaluanon of mutant mice with 
degenerauon of cerebellar ceLls (9-18). 

Spontaneous alternai:ion and motor activiry mi a T-rnaze was 
measured. because Mese tests are sensitive to cerebellar acrophy 
(13-15,17). Moreover, hole poking was measured cn vanous 
condinons sucb as a single-hole (11.15.16) or a mulnple-hoie 
apparartis (9.10.12). Motor coordination was evaluated by means 
of wooden beam, gid, inclined sc-reen, and coat hanger tests 
(9.10.17). 

METHOD 
Subjects 

Nine dystorua musculorum (B6C3-aia-dt) and 18 normal Lit-
termate controls were obtained from Jackson Laboratory (Bar 

Harbor, ME). In three of the tests (whole T-maze activiry, coal 
hanger, and 6-cm wooden beam), six additional mutants were 
available. All mice were berween 3 weeks and 3 months of age 
at the beginning of testing. Most mice were in the 1-2-month 
range, but slightly younger or older mice were added because 
therr behavioral results did not differ appreciably from the °chers. 
Food and water were available at all times in group cages with 
bedcting made of wooden shavuigs. 

Appararus 

A T-maze made of transparent  plasuc (stem: 82 x 8.5 cm. 
arms: 30 x 85 cm, height of walls: 10 cm) separatect into 13 
equally spaced squares by means of adhesive tape, placed below 
the rnaze, was used. Hole polcing was measured in a steel cage 
(18 x 18 cm. height: 25 cm) with a single hole (diameter: 2.6 
cm) situated approximately at the center of the floor. The cage 
was placed at a height of 123 cm from the table. One side of the 
cage was covered by a sheet of transparent celluloid paper to 
permit behavioral observations while prevenang the mice from 
falling off the side. Vertical motor acnvity was evaluated in the 
T-maze with pairs of corks placed on entier side of a restncted 
part (40 x 8.5 cm) of the stem of the maze. Two of the corks 
measured 4.1 cm in diameter and 2..5 cm in height and were 
placed side-to-side and the other two were 5.0 cm in diameter 
and 2.5 crn cn height. 

The same wooden beam as descnbed previously (9,10,17) 
was used, on top of the wall (height: 34 cm. width: 1 cm) of a 
hole board apparatus (100 x 70 cm). There were four walls com-
pnsing the penmeter of the hole board (70 x 70 cm) and a fifth 
wall separanng the board from a waiung chamber (30 x 70 cm). 

' Requescs for repnnis should be andressed to Robert LaJoncie. Hôte(-Dieu Hospital. Neurology Service. Neurobiology Laborarory. Montreal. QUebeC. Canada H2W 1TS 
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These walls were divided inco 41 segments of 10 cm each. There 
was a second wooden bearta comprising a straight rectanguiar-
shaped bridge (lehgth: 117 cm, width: 6 cm, thickness: 4.5 cm. 
height from floor 100 cm). The bndge was separated into 13 
segments by means of line tradings with a felt pen. The gnd was 
made of stainless steel. measured 25 x 18 cm. and was placed 
at a height of 92 cm from the table. The inclined screen (made 
of steel with a wooden frame) measured 35 X 35 cm (grid: five 
squares/cm. inclination: 40° from the verucal axis) and was 
placed on a table at a height of 92 cm from the fioor. The screen 
was separated from top to bortom int° five segments of 7 cm 
each to calculate the number of segments the animais slid when-
ever they could not keep Meir balance. In each motor coordina-
tion test there was a soft blanket spread out on the fioor or the 
table for the purpose of cushioning the falls of the mice. The coat 
hanger of tnangular shape consisted of a 2-mm horizontal steel 
bar (length: 40 cm) with rwo side bars (length: 19 cm) placed at 
a height of 82 cm from the blanket-covered table. 

The hole board described above was also used as an explo-
:arion test. The 70 x 70 cm board was separaced into 2.5 squares 
>y a felt pen (16 at the penphery, 9 at the center). There were 
aso 16 holes in a 4 x 4 matrix. These hales had a diameter of 4 
un and a depth of 2 cm. with a distance of 9 cm separating each 

them. Twelve of the holes were at the periphery and four were 
a the center of the board. 

'racedure  

wooden beam #1 (atop the hole board), the tune taken till falling 
was analyzed. together widi the number of segments traversed. 
There were two trials of 60 s euh with an intertnal interval of 
15 min. In wooden beam test #2 (rectangular bridge), there were 
two mals of 60 s each with an intertnal interval of 10-15 min. 
Latenc-ies till falling and the number of segments traversed were 
also compiled in this version. 

On days 	the mice had a 5-min habituauon penod (per 
day) in groups of four to six for the purpose of prevenang freez-
ing responses when tested on day 5 in the hole board. The number 
of pokes and squares traversed was noted during a single 4-min 
session. Motor acriviry in the T-maze was measured on days 4 
and 7. On day 4, the whole T-maze could be explored (13 
squares), and on day 7 a restricted region (four squares) of the 
stem portion of the maze (40 x 8.5 cm) was used_ Vertical mocor 
activity was measured on day 6 in the same restricied region of 
the maze. Pairs of corks were placed on either side of dais region. 
either at a height of 2_5 cm (when the round part faced the ceil-
ing), 4.1 or 5.0 cm (when the round part faced the mice). Rears 
on the corks and elsewhere in the stem were tabulated separately. 

Statistical Analysis 

Group differences were tabulated by means of the unpaired r-
test for parametric data and the Mann-Whimey U-test for non-
paramecric data (appropriate for rime-dependent measures). 

RESULTS 
The order of tesung is presented in Table 1. Spontaneous al-

ri-nanon in the T-maze was first evaluated in a rwo-tnai and dien  
four-mal paradigm. In each case. the M1Ce were first placed in 

le stem of the maze with the nght arm blocked. On mal 2, the 
uce, after staymg in the left arrn for 1 TIli/l. could entier reruni 
) the same arm or alternate. The arm chosen to be blocked was 
ianged from day to day (lett on day 2. nght on day 3. etc.). In 
.e four-cnal test. two additional mals were added, with the came 
ipt in the arrn at the end of each tnaj. except the last one of the 
ty. 

Hole poking in the steel cage condmon was rneasured tn rwo 
ssions of a-min run on days 1-2. The inclined screen test vils 
rformed for four trials. also on day 1 (intertnal interval: 10 

cut off: 60 s). The rruce were placed in the middle of the 
reen face downward and the urne mien before turrung. rezcn-

the top of the screen. or falling off was tabulated. The munber 
vertical segments that the mice shd when unable ro keep Meir 
lance was also notect Whenever a mouse reacbed the top, a 
are of 60 s was given for the latency before falling mcasure. 
the coat hanger test, the mice were placed m the middle of the 
nzontal bar. Four clifferent latencies were determined by 
:ans of a stopwatch. Latency 1 measured the nme elapsed be-
e the rwo front paws of the arumal touched one of the sicle 
-s. Latencies 2 and 3 measured the tune elapsed before three 
all four paws, respectively. reached one of the side bars. La-
cy 4 measured the urne elapsed before falling. Thus. low val-
for latencies 1-3 mdicate superior equilibnum. wbereas low 

ues for latency 4 indicate infenor equilibnum. In addition. 
nbs to the top of the hanger and haltway climbs were tabu-
:d. Whenever a mouse reached the top, a maximum score of 
s was given for latency 4. Whenever an animal fell before 
:tung a side bar. maxunal scores of 60 s were wnrten for 
ncies 1-3. There were rwo rrials per day on days 1-2 (inter-
! interval: 5 min). 
ln the gnd test. the mice were placed in the middle of the 
zontally placed grid and the number of falls was recorded 

intertnal interval: 10-15 min. durauon: 60 s). ln 

In sponcaneous altemarion testing, normal mice clid Dot alter-
nate in either the two-crial or the four-trial  tesc (Table 1). The dt 
mutants. on the other hand. altemated above chance levels in the 
two-mal. x(1) = 6.4, p < 0.05. but not the four-Mal test., x(1) 
= 1.07, p > 0.05. 

Inabiliry ro control limb movements on the part of dt mutants 
resulted in a decrease of horizontal motor activity in the whole 
T-maze. the restricted (stem) part of the T-maze, hole board 
square crossuigs, and hole poking in both a multiple-hole and 
smgle-hole appararus. Vertical motor aciavity was also reduced 
in the mutants (Table 1). 

Motor coordinanon was severely affected in dt mutants. In 
companson to normal mice, dt mutants fell more rapidly and 
more often ui the inclined screen, grid, wooden beam, and coal 
hanger tests (Table 1). In the inclined screen, they were rarely 
able to rurn around and begm ro climb. They also had great dif-
ficulry ui retaining balance during wooden beam tests, even with 
a bearn width of 6 cm. In the cou hanger test, all mutants fell 
off the horizontal steel bar and none was able to reach either 
diagonal bar. 

DISCUSSION 

The lack of spontaneous altemation in normal mice is an un-
usual result and may be ascribed to disinhibitory tendencies in 
this paracular scrain (B6C3-a/a). We do not know why this be-
laavloral trait was observed. Their activiry levels and perfor-
mances in rnotor coorciinanon tests were sunilar to Mose of other 
strams. In that specific test., however, they appeared impulsive 
and tended to choose quickly (and abnorrnally) radier Man hes-
italfflY• 011 the other hand, the dt mutants altemated in the rwo-
trial  bur not the four-mal test. It is possible that the motor defects 
in the mutants prevented Mese disinhibitory tendencies by slow-
mg Mem down in the runway, forcing them to make more delib-
crate choices. Nevertheless. this tendency was not observed in 
the four-trial test_ where generally normal mice altemate above 
chance levels but at a lower rate than the nvo-trial test (13,16.18). 
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TABLE 1 
BEHAV1ORAL FtESULTS OF dt MUTANT MICE AND NORMAL M10E 

Days of Tesnng 	 Tests 	 Messires 	 Normal Miee 	dt Mutants 

1-1 5 	rwo-trial spontaneous 
1-2 	exploration of steel 

cage 

1 	 inclined sem-en 

1-2 	coat !langer 

alternanon rate 
hole poires: 

first 2 min 
last 2 min 

latency till 
turning(s) 

latency till reaching 
the top(s) 

latency 11 
falling(s) 

segments sliding 
latency 1 (in s): 

two paw 

50% 70%• 

15.5 = 8.8 1.9 = 1.7t 
13.4 = 5.9 2.1 = 2.3t 

27.1 = 17.3 196.6 c.-. 53.9t 

79.8 = 65.6 238.7 z. 4.11" 

240.0 r 0 	28.5 r 74.41' 
0 	 1.8 r: 0.6t 

5 

4 

criterion 	 143.1 C.: 63.9 	240.0 	Ot 
latency 2 (in s): 

three paw 
criterion 

latency 3 (in s): 
four paw 
MI tenon 

latency 4 (in s): 
tin falling 

number of fans 
latency 611 falling 

(in s) 
segments crossed 
latency 1511 falling 

in s) 
segments crossed 
square crossings: 

first 2 min 
lut 2 min 

hole pokes: 
penpheral 	 35.6 r 14.7 	16_5 z-  12.4Z 
central 	 9.4 r 4.2 	4.6 r 4.4§ 

square CTOSSIngs: 
penpheral 	 82.1 r 24.0 	4.7 r 4.1 t 
cenu-aJ 	 2.5.9 -.I.  11.3 	7.5 	7.0t 

on corks 	 13.0 r: 3.8 	5.4 r 2.8f 
elsewhere 	 10.3 ± 3.7 	0 ± Ot 
alternauon rate 	 58% 	 57% 

squaLre crossings: 
first 2 min 	 28.2 r 7.4 	7.1 .r 3.8t 
last 2 mui 	 15.1 r 5.6 	6.4 ± 5.7# 

gnd 
wooden bearn # 1 

(I cm) 

woocien beam #2 
(6 cm) 

motor activity 
(whoie T-maze) 

hole board 

6 	 vertical activiry 

6-7 	 four-cnal spontaneous 
altemanon 

7 	 mocor acnviry 
(stem of T-mare) 

1616 = 68.4 240.0 Ot 

175.6 = 67.2 240.0 1.- 	0# 

232.4 = 17.7 5.4 2.11* 
0 1.0 = 02t 

120.0 = 0 11_5 30.1t 
11.1 12_7 O -2.- 	0# 

120.0 = 0 229 30.1 t 
29.9 = 15.5 0.3 = 	0.8t 

68.3 t 20.3 8.6 =. 	8.8t 
50.6 = 18.4 9..3 =. 	8.1t 

• Versus chance levels. p < 0.05. 
t Versus normal =ce. p < 0.001. 

Versus normal riliCe. p < 0.01. 
§ Versus normal micc. p < 0.05. 

By alternaung above chance levels in the rwo-trial condiuon. dt 
mutants differ from all mutant rruce with degeneration of cere-
bellar cells tested previously (13,15-18). Because dus is a test 
of inhibitory tendencies and spanal orientation. Mis result may 
indicate that the mutants are not unpaired in these funcuons. This 
hypothesis is supported by the finding that dt mutants are not 
impaired in terms of quadrant crimes durmg swururung directly 
toward a visible ;cal (14). By contrast. °cher cerebeilar mutants 
are impaired in regard to spaual onentauon (6.7). 

Because of their lack of limb control. dt mutants were unable 
to keep pace with normal rnice in all tests of horizontal and ver-
tical motor activuy and hole poke exploration. These results re-
semble Mose found in weaver and staggerer mice, cerebellar mu-
tants that have also been found to be hypoacnve in most tests 
(15,16). However, other cerebellar mutants such as lurcher and 
nervous. although ataxic, are not hypoacuve. for example in T-
maze explorauon (13,18). There is a graded difference in the 
ability of the mutants to reach normal levels of acuviry. with 
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lurchers and nervous being the least affected. and weavers. stag-
geres. and dt the most affeczed. 

The dt murants were severely impaired in all tests of motor 
coordinauon, re:Sults sunilar to Mose of hucher, weaver. and stag-
gerer mutants (9,10.17). However, dt mutants were much worse 
chan the other cerebellar mutants in Mese tests. For example, in 
the coat hanger test, althoug,h lurclaer mutants were slower to 
reach the diagonal bar and latencies till falling were shorter, they 
were occasionally able ro reach the bar (17). None of the dt mu-
tants chd so. because they were unable to mamtain balance for 
more than a few seconds. In the casier wooden bea.m test (width: 
I cm), lurcher mutants were not impaired in terms of larencies 
rill falling (17), whereas dt mutants were severely imparred in 
this test and in the even easier wooden beam test with a 6-cm 
width. 

The dt mutants were never observed to rear against the wall 
of the T-maze or in the air, as do normal rince. However. some 
rearing activey was seen when rubber cor ks were piaced in the 
maze. If the object is small enough, dt mutants will climb on top 
of it. otherwise they do not attempt ro rear against a smooth 

surface such as a maze wall. The results of this srudy undicate 
that the spinocerebeliar degeneration reported in dystoruc mu-
tants (20) is severe enough to cause important functional im-
pairments in terms of mot« activity, exploration. and motor co-
ordination. Although severe, these =paume= may be unproved 
with the use of drugs tested in patients with hereditary spinocer-
ebellar degeneration (3). Neurochemical studies are needed to 
idemify winch neurotran.smitter systems are mosz affected in Mis 
mutant, so that replacement therapies may be attempted. It is our 
intention in future studies to evaluate by means of novel thera-
peutic thugs the possibiliry of improving the motor deticits of the 
dt mutants described in the present report. because we believe 
that Mis mutation, as suggested by Sotelo and Guenet (20), can 
serve as a useful worting model of Friedreich's ataxia. 
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