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INTRODUCTION 

The understanding of how vertebrates are able to stand up 

(i .e., maintain their forms) against gravity and to move opposing 

viscous-elastic forces is a very basic, albeit unanswered, 

objective of present-day neuroscience. Perhaps because the way 

we walk, speak or organize our behavior seems so obvious, the 

relatively little attention paid from both scientific and 

cultural points of view to the neural mechanisms underlying motor 

control is not so surprising. Nevertheless, and assuming that our 

behavior is in the end the result of our own brain activity, it 

should be stressed that, in the words of Sherrington, we can 

sti71 endorse the o7d adage that to rnove things is a77 that 

mandkind can do, and far such the sale ex ecutant is the muse le, 

whether in whispering a sy77ab7e ar in fe77ing a forest". 

Both multidisciplinary and comparati ve approaches seem to 

be necessary to th row 1 i ght on these i nt r i gu i ng quest i ons. 

Knowledge about the neuronal genesis and control of movement has 

increased dramaticall y in recent years with the helP. of several 

e xperimental techniques . These techniques e x tend from the 

electrical recording of neuronal activity in freely moving 

animals to the use of retrograde, anterograde and transynaptic 

neuronal dyes to trace motor and premotor pathways in the central 

nervous system. Further i mprovements ha ve a 1 so been obta i ned 

using kinematic analysis of movement, quantitative analysis .of 

sensorimotor data, and computer modeling of the experimental 

results. Moreover, the comparative approach has allowed sorne 

insights into the peculiar strategies followed by different 

species to maintain and/or change their position in space. 

The aim of the workshop was to offer a forum in which 

scientists with different backgrounds and technical skills could 

discuss about these recent developments and could propase future 

directions of research. The format of the . workshop was designed 

to stimulate a short formal presentation of the selected tapies 

and a long informal discussion. The participation in the debate 

of the students attending the workshop was highly encouraged; 

The following main tapies relative to the neural control 
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of movement were considered. To begin, the spinal cord 

organization in a primitive vertebrate (Dr. Grillner) and in 

mammals (Dr. Burke) was discussed. Dr. Buño presented the studies 

carried out by his group on the crayfish stretch receptors as an 

archetype of mechano-sensory organs participating in motor 

control. Dr. Bass presented his studies on the sanie motor system 

of f i shes as a way to introduce the re 1 at i onsh i ps between 

phylogeny, adaptation and nervous system organization. 

Two sessions were addressed to the study of the oculomotor 

system in vertebrates. The first two presentations approached the 

brain stem organization of motor (Dr. Delgado-Garcia) and 

premotor (Dr. Highstein) centers related to the control of eye 

movements. The functional basis of the gaze holding system (Dr. 

Cheron), the role of superior colliculus on gaze (Dr. Guitton), 

anda general perspective of orienting movements (Dr. Berthoz) 

were also discussed. Dr. Shinoda illustrated new findings on the 

branching pattern of motor a xons descending to the spinal cord. 

As an e xample of a motor system with completely different 

functional properties, Dr. Bianchi pr·esented the work of his 

group on the neural control of respi r atory mo vements. 

The roles of cerebellum on motor control andas a (possible) 

learning device were introduced by Drs. Bloedel and Rubia, 

respectively. Dr. Steriade's talk covered the 

electrophysiological properties of the thalamus underlying 

behavioral states such as alertness and quiet sleep. 

The final two sessions of the workshop were devoted to the 

study of cortical and subcortical structures in relation to the 

genesis and control of movement. Dr. Acuña addressed the 

relationships between the pulvinar-latero posterior comple x and 

parietal area 5a; Dr. Caminiti presentea the role of the frontal 

cortex in reaching movements; Dr. Fetz gave due prominence to 

synaptic interactions in sensoriomotor cortex; and Dr. Strick 

presented data relati ve to the organization of cortical 

descending pathways studied wi th the help of new morphological 

techniques. The neurochemical sustrates of motor behavior with 

spec i a 1 reference to the basa 1 gang 1 i a were i ntroduced by Dr. 

Mora. A broad perspective of evolutionary trends regarding motor 

systems and sorne concluding remarks were presented by Dr. Baker. 
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Last but not least, the participation of the students in the 

workshop was highly remarkable, not only for their contribution 

to the different opportunities of informal discussion, but also 

for the scientific level of their posters and oral presentations. 

Ido not want to conclude this introduction without thanking 

a 11 the part i e i pants, both prof essors and students, for the ir 

generous and enthusiastic contributions to the fulfilment of the 

workshop. I a 1 so want to thank Mr. Andrés Gonzá 1 ez and Mr. 

Eduar·do Ruiz, from the Fundación Juan March, for their continuous 

help during the organization and development of the workshop. 

Reference 

Ch. S. · sherrington, Linacre Lecture, Cambridge, England, 

1924. 
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CRAYFISH STRETCH RECEPTORS AS ARCHETYPES OF 
MECHANO-SESORY ORGANS PARTICIPATING IN MOTOR CONTROI, 

Washington Bufío 

Instituto Cajal, C.S.I.C. 
Avda. Dr. Arce, 37 

28002 Madri~ (Spain) 

The slowly and rapidly adapting stretch receptor organs of crayfish (RMl and 
RM2, respectively) are prototypic mechanoreceptors involved in motor control. The 
RM neurons are included in an extremely simple circuit with two inputs, one sensory 
and excitatory, the mechanical stretch stimulus (and also the contraction of the 
receptor muscle), and another synaptic and inhibitory, the efferent ¡iJcessory neuron. 
The RMl behaves as a pacemaker, while the RM2 is a prototypic phasic receptor and 
therefore spontaneously silent cell. 

The mechanisms of sensory transduction and the coding of stimulus 
characteristics, as well as the efferent modulation and control by the inhibitory fiber 
in both receptor types will be discussed. 

The participation of the oscillatory pacemaker activity 
the characteristics of the pacemaker-synaptic interactions 
model of the involvement of RMs and of pacemaker-synaptic 
control, hpplicable to other motor systems, will be proposed. 

in stimulus coding and 
will be considered. A 
interactions in motor 

Fundación Juan March (Madrid)
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l:VOLU'l'ION or VOCAL KO'l'Olt PA'l'HWAYS: 8PJ:Cil:S- AND su- TYPICAL 

CHARACTERS. BASS, ANDREW H., Oivision of Bioloqical Sciences, Section of 
Neurobiolo9y and Behavior, Cornell university, Ithaca, New York, 14853 U.S.A. 

Studies of neuronal function and behavior can pose either How or Why 
questions. How questions seek to identlfy the cellular and molecular 
mechanism,,, inclusive of their ontogeny, determlnlng the generatlon of a 
behavior. Why questions address "ultimate" caueation wlthln the context of 
the contribution of a behavior to an indlvidual's survival and reproductive 
fltness. For both the How and Why questions, it is important to identify 
the contribution of phylo9enetic {!.e., rnechanical/developmental) factora va. 
current adaptive modifications toan extant phenotype. Evolutionary 
neurobiolo9ists want to understand How a given neuronal trait has been 
altered to aubserve "new" behaviora between or within specles. 

The aforementioned issues have been addressed within the context of 
comparative/~specific and developmental/~specific studles of brain 
pathways determining the production of vocal communication aiqnals in teleost 
fishee. The vocalizations are hiqhly atereotyped, species-specific and, in 
eome cases, sex-specific. The vocal, or sonic, motor aystem exemplifiee basic 
organizatlonal features determinlng the production of a rhythmic motor 
behavior . It may be considered a "simple" vertebrate motor aystem because 
there is a direct relationship between the patterned output of the central 
nervoua aystem and the basic physical properties of the vocal signal itself, 
namely fundamental frequency and duration . 

Vocal motor traite common to several specles illustrate the ph~Jogeoetic 
factora influencin9 the evolution of thia motor system. Thu$, phylogenetic 
analyses su99est that the common anceator of a number of teleosts had a vocal 
motor eystem characterized by: (1) ipsilateral innervation of paired sonic 
muscles by occipital nerve roots arising just caudal to the vagus nerve, (2) 
paired, sonic motor nuclei located in the caudal brainstem at the same level 
as the hypoglossal nucleus of tetrapods, and (3) motoneurons innervated by 
rhythmlcally-f iring pacemaker neurona that determine the fundamental frequency 
of all vocal signals. 

Sex-specific traita demonstrate the adaptiye modification of the eonic 
motor syatem and vocalization behaviors withln the context of the functional 
organization of vertebrate mating ay$tems. For example, the plainfin 
midshipman, Porichthys notatus, has two qroups of reproductively active 
males that can be distinguished on the basla of behavioral, endocrinolo9lcal 
and somatic traite. One 9roup of ne$t-buildln9, egg-quarding malea that we 
have desi9nated as Type I males, 9enerate mate calla du r ing the breeding 
aeason to attract gravid femal es to their nest. The second qroup of smaller 
Type II males, do not build neate or guard fertilized eggs, but rather 
parasitize Type I males by "eneaking" into the nest of a Type I male or lying 
just outside it and fannin9 eperm lnto the nest while a female is deposltlng 
e99s. Type II males, like females, do n.o..t. generate mate c~lls. There are 
extreme dimorphiams when comparing the vocal motor system o! the mate-calling 
Type I males to that of the non-callinq Type I males or female$, For example, 
in Type I males, the vocal musclea are 25-fold greater in absolute masa, sonic 
motoneurons and pacemaker neurona are 100-300% larger, and the central 
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discharqe frequency of the vocal pathway is 20% hiqher. Thus, intra- and 
inter- sexual differences in a rhythmically-9enerated behavior, i.e. 
vocalizationa, ia paralleled by both 1Mle-female and 1Mle-male differencee in 
the morphological and neurophysiological traits of the vocal motor pathway. 

Bass, A,K. (1989) Evolution of vertebrate motor systems for acoustic and 
el~ctric communication: Peripheral and central elements. Braln, Behavlor 
and Evolution 33:237-247 . 

Base, A. K. (1990) Sounde from the intertidal zone: Vocalizinq Fish, 
Bloscience 40:249-258. 

Bass, A.H. and R. Baker (1990) Sexual dimiorphiems in the vocal control system 
of a teleost fish: morpholoqy of physiologically identified neurona .. 
Journal of Neuroblology 21:1155-1168. 

Base, A. and R. Baker (1991) Evolution of homoloqous vocal control traite. 
Braln, Behavior and Evolution 38:240-254, 
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NEURONAL NETWORK UNDERLYING LOCOMOTION IN A VERTEBRATE, 
CIRCUITRY, TRANSMI'PI'ERS, MEMBRANE PROPERTIES AND 

SIMULATION 

STEN GRILLNER 

Karolinska Instiutet 
The Nobel Institute for Neurophysiology 

Solnavavagen 1 - Box 60400 
S-104 01 Stockholm (Sweden) 

The lecture will relate to the basic features of the pattern 
generator network of locomotion. The example chosen in the talk 
is that of a lower vertebrate model, the lamprey, in which the 
cellular bases of the basic behaviour has been elucidated to a 
significant extent. The discussion should deal with general 
mechanisms of 

Spinal pattern generation in vertebrates. 

Network properties if importance for the pattern 
generation. 

Membrane properties, transmitters and post synaptic 
receptors in the locomotor network. 

Sensory regulation of a central pattern generator
cellular effects. 

Supra spinal initiation and control. 
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SPINAL CORD MECHANISMS OF MOTOR CONTROL: THE ROLE OF 

INTERNEURONS 

Robert E. Burke 

Laboratory of Neural Control, National Institute of Neurological Disorders and Stroke, 

National Institutes ofHealth, Bethesda, MD 20892, USA 

Central nervous system (CNS) control of the limbs and trunk necessarily involves neural 

mechanisrns in the spinal cord. The ability to functionally define individual primary 

afferents and motoneurons during experiments has produced a large body of detailed 

information about these essential elements. However, the vast majority of neurons in the 

CNS are interneurons that receive input and transmit output entirely within the CNS. A 

detailed understanding of motor control requires information about the connectivity 

(circuitry) of defined groups of interneurons and their role (functional identity) in particular 

motor acts. Knowledge of circuitry is necessary but not sufficient to define functional 

identity. The spinal cord is ideal for studying this problem because primary afferents and 

motoneurons are anatomically and functionally defined entities, thus serving as landmarks 

for interneuron identification as input sources and output targets. lnterneurons in 

disynaptic reflex pathways that receive input directly from afferents and project directly to 
motoneurons ("last-order" interneurons) can be precisely defined as to circuitry, leading to 

inferences about functional role(s). The next steps are: 1) to examine the organization of 

other synaptic input systems, particularly supraspinal systems, that converge onto last
order intemeurons; 2) to study the circuit organization of other categories of intemeurons, 

using last-order interneurons as either input or target; and 3) to design experiments to 

examine directly the function of circuit-defined intemeurons during movement 
performance. Pioneering work by Lundberg and colleagues in Sweden has shown that 

most segmenta! interneurons are nocla! points at which "reflex" and "voluntary" motor 

functions intersect. The available evidence suggests that particular groups of intemeurons 

can assume different functional roles, depending on the motor task at hand. 

References: 
Classic: Lundberg, A. (1979) Multisensory control of spinal reflex pathways. In: 

Reflex Control of Posture and Movement (ed: R. Granit and O. Pompeiano) Progress in 
Brain Research 50: 11 - 28. 

Recent: Hultborn, H. and lllert, M. (1991) How is motor behavior reflected in the 

organization of spinal systems? In: Motor Control: Coocepts aod Issues (ed: D. R. 

Humphrey and H.-J. Freund) Chichester: John Wiley & Sons. pp. 49 - 73. 
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FUNCTIONAL ORGANIZATION OF THE PREMOTOR SYSTEM FOR EYE MOVEMENTS 

J.M. Delgado-García, Laboratorio de Neurociencia, Departamento 
de Fisiología y Biología Animal, Facultad de Biología, 
Universidad de Sevilla. 

The activity of pontomedullary reticular, vestibular and 

prepositus hypoglossi neurons was recorded in the alert cat 

during spontaneous and vestibularly-induced eye movements. 

Neurons were identified by their antidromic activation from the 

abducens nucleus. Spikes of these neurons were used to trigger 

the recording of field potentials in the abducens nucleus. The 

analysis of post-spike averaging of field potentials showed the 

presence of a trifold system of reciprocal (excitatory and 

inhibitory) direct (monosynaptic) projections that originated in 

the above nuclei and terminated in the abducens nucleus with a 

distinctly graded effectiveness. This trifold afferent system is 

involved in the generation of fast eye movements, slow 

compensatory movements of vestibular origin, and eye fixation, 

respectively. 

During the presentation particular attention will be paid 

to the neural mechanisms underlying the generation of eye 

position signals. Experimental data will be presented supporting 

the hypothesis of a transformation of the eye velocity signal in 

an eye position signal by neural mechanisms located in the 

nucleus prepositus hypoglossi. It wi 11 be proposed that 

prepositus hypoglossi neurons are organized in a cascade fashion 

in order to generate an eye position signal from the velocity 

signal present in pontine reticular long-lead and short-lead 

excitatory burst neurons. 

References: 

1. Delgado-García, J.M., Vidal, P.P., Gómez, C. and Berthoz, 
A., A neurophysiological study of prepositus hypoglo~si neurons 

projecting to oculomotor and preoculomotor nuclei in the alert 

cat, Neuroscience, 29: 291-307, 1989. 

2. Escudero, M. and Delgado-García, J.M., Behavior of 

reticular, vestibular, and prepositus ~eurons terminating in the 

abducens nucleus of the alert cat, Experimental Brain Research, 

71: 218-222, 1988. 
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THE BRAINSTEM ORGANIZATION OF SACCADIC EYE MOVEMENTS 

Stephen M. Highstein M.D., Ph.D. 
Washington University School of Medicine 
St. Louis Missouri, U.S.A. 

Extraocular motoneurons generate rapid eye movements by 
firing a burst of action potentials temporally and 
metrically related to the ensuing saccade. These motoneurons 
are driven by the immediately prenuclear excitatory and 
inhibitory burst neurons. Horizontal burst neurons are 
located in the pons and medulla and vertical burst neurons 
in the midbrain. By studying the axonal arbors and terminals 
of the burst neurons it has been possible to explain the 
behavior of many other brainstem neurons also related to 
rapid eye movements. Firing patterns and synaptic inter 
relations of these brainstem cells provide a model for the 
generation and control of rapid eye movements. 

Article for review: Strassman, Highstein, McCrea, Anatomy 
and Physiology of saccadic burst neurons in the alert 
monkey. I. Exci tatory burst neurons. J. Comp. Neurol. 
249:337-357 (1986). 
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THE GAZE HOLDING SYSTEM 

G.CHERON 

Laboratory of Neurophysiology • University of Mons, Belgium 

Skavenski and Robinson, 1973 perfonning a saccade and the subsequent gaze
holding necessitates a pulse-step signal. The generator for making saccades, which is 
located in the pontine paramedial reticular formation (PPRF), provides only the pulse signal 
(Keller, 1974). The step signal is hypothesized to be made by processing the pulse signal 
in an integrator (the oculomotor neural integrator, NI). If the integration processing is 
missing, the resulting saccade will not be followed by a gaze-holding period but by an 
exponential post-saccadic drift with a time constant of about 0.16 s. 

During the vestibulo-ocular reflex (VOR) at 0.10 Hz the firing rate of the 
abducens motoneuron is in phase with eye position while the firing rate of the primary 
vestibular afferent is proportional to head velocity. Consequently, it would appear that a 
network of neurons in the brainstem must perform a integration of this velocity signal to 
provide the eye position signal. In the case of a total failure of the NI the VOR phase lead 
would be + 93 deg at 0.10 Hz with a gain value around O. l. 

After ali, it is the neural integrator that generates the slow phase of nystagmus 
and holds the eye eccentrically after a saccade. Ali these theoretical predictions were 
experimentaly produced for the first time in 1986 when we performed electrolytic lesions 
in the prepositus hypoglossi nuclei (PH) in the cat (Cheron et al, 1986). Unilateral kainic 
acid injection in the PH also produces a bilateral post-saccadic drift and a VOR integrator 
failure (Cheron and Godaux, 1987). This bilateral gaze holding failure could be interpreted 
on the basis of the commissural connections. 

The idea is that there must exist two horizontal integration processing : one 
is necessary to hold an eccentric position to the left, the other is necessary to hold an 
eccentric position to the right. The questions are : how do these two components cooperate 
with each other ? Are they two complete half-integrators each of which able to perform a 
complete integration ? Do the commissural fibers linking the two half-integrators transform 
them from very bad into very good ones ? Is the commissural link the basic mechanism 
of the integration ? 

Two possible commissural connections were proposeJ. The first one is a 
feedforward, push-pull type. The second one is a feedback closed-loop type. Galiana and 
Outerbridge (1984) suggested that this latter configuration could provide a positive 
feedback loop, the second order vestibular neurone would inhibit the contralateral second
order vestibular neurone producing a crossed desinhibition ·of itself. This process is clearly 
a positive feedback the favored mechanism with which to build an integrator. Effectively, 
when neuron excites themselves through a positive feedback loop their activity, once 
started, would be perseverated and would yield integration. 
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The experimental testing of this theoretical considerations was made on the 
cat by means of midsagittal and parasagittal sections in the pontomedullary part of the 
brainstem (Godaux and Cheron, 1991). On the basis of these experiments we can conclude 
that the commissural connections between the two PH are not crucial for the integrating 
process. The parasagittal incision of the vestibular commissure produced a clear syndrome 
of the vestibular integrator failure and an asymetrical behaviour of the holding system. The 
gaze-holding was good for saccades made toward the side opposite of the incision while 
saccades made toward the site of the incision were followed by a post-saccadic drift. 

This asymetrical behaviour · of the holding system argues against a sine qua 
non role of the vestibular commissural pathway in the saccadic integrator, but the very 
distorted VOR with non-linear slow phases argues in favour of an important role played 
by the positive feedback vestibular commissural pathway in the vestibular integrator. 

The neurotransmitters involved in the neural integrator network are unknown 
but it is interesting to note that there are drugs that alter the gaze holding system while 
they spare the generator of the saccades. Intramuscular injection of a low dose of ketamine 
(a specific blocker of NMDA-receptors) caused a failure of the gaze holding integrator 
while the main sequence of the saccade was normal (Godaux et al, 1990). Moreover, 
unilateral microinjection of ketamine in the rostral PH produced a vertical and a bilateral 
horizontal gaze holding failure (Cheron et al, 1992). 

In conclusion, this fact suggests that NMDA receprors play a role in the 
building of the position signal by the PH. 

REFERENCES 

l. Cheron G., Godaux E., Laune JM et al. J. Physiol. (London), 372: 75-94 (1986). 
2. Cheron G., Godaux E., J. Physiol. (London) 394: 267-290 (1987). 
3. Cheron G., Mettens P., Godaux E. NeuroReport (1992) in press. 
4. Galiana HL, Outerbridge JS. J. Neurophysiol. 51(2): 310-241 (1984). 
5. Godaux E., Cheron G., Mettens P. Neurosci. Let. 116: 162-167 (1990). 
6. Godaux E., Cheron G. Oculomotor control and cognitive processes. In: R. Schmid and 

D. Zambarbieri, eds. Elsevier Science Publishers B.V. (North-Holland) 39-62 (1991). 
7. Keller EL. J. Neurophysiol. 37: 316-332 (1974). 
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Speaker: Dr. Alain Berthoz 

Main topic: Orienting movements 

Title: Neural basjs of orienting movements and their adaptjve mechanisms 

Summary and issues for discussion: 

l. Neural organization of the tecto-reticulo-spinal system: 

What is the role of reticulo-spinal neurons in gaze control? 

Are they important for fina or adaptive adjustments of gaze? 

2. Parallel pathways for the control of saccades: the role of 

of pathways which do not transit through the superior colliculus 

for the generation of orienting reactions 

3. Which are the best methods to study the cortical control of 

orienting movements ? - Can pos:!,.trom emissiOJI tomography help? 

4. Coordinate transformation in visual capture:· how are target 

locations represented in visuo-spatial maps? 

5. Mechanisms of memory driven orienting movements: what is the 

role of the vestibular system in updating visual maps during 

navigation or locomotion? 

6. What is the respective role of networks and of intrinsic 

properties of neurons in the mechanisms of orienting 

movements? 

Reference: 

- A. Berthoz, Adaptive mechanisms in eye-head coordination 

Chapter 12, pág. 177-201, in "Adaptive mechanisms in gaze 

control. Facts and theories. A. Berthoz and Melvill-Jones 

(eds.), Elsevier, 1985 
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BRANCHING PATTERNS OF SINGLE AXONS OF LONG DESCENDING MOTOR TRACT 
NEURONS IN THE SPINAL CORD 

Yoshikazu Shinoda, 
Department ot Physiologoy, School of Medicine, Tokyo Medical and Dental 
Un1vers1ty, 1-5-45, Yushima, Bunkyo-ku, TokYo 113, Japan. 

Classical long deacendlng motor tracts have been class1f 1ed into 
two rroupe; lateral and ventral groups, baeed on anatomical and lesion 
studieB by KuYPera and his collea¡uea. The lateral group conaists of 
corticospinal (CS) and rubrospinal (RS) tracts, and the medial group 
ot reticulospinal, tectospinal, and veatibulospinal (VS) tracts. The 
lateral rroup runs in the lateral funiculus and ma!nly controla the 
musculatura of. the distal extremities, whereas the medical group runs 
in the ventral funiculus and mainly controls the musculature of the 
proximal extrem1t1es, the trunk and the neck. Distr1but1on of 
term1nals of these long descending motor tract axons in the spinal 
cord has been determined, using new anatomical techniquee. Axon 
terminals ot the lateral group are mainly d1stributed in the 
1ntermediate zone of the ep1nal cord, laminae V, VI and VII of Rexed, 
and lamina IX of the lateral motor nuclei innervating the musculature 
of the extremities, whereas those of the medial group are ma1nly 
distributed in laminae VIII and VII and lamina IX of the medial motor 
nuclei innervating the musculature of the trunk. The morphology of 
single axons in these descending tracts has been visual1zed by 
1ntracellular stainin¡ with horeeradish peroxidase. All of these 
deacending motor tract axons have multiple axon collaterals in the 
cervical cord. Descendinr tract axons in the lateral group have 
common features on their branchlng pattern and terminal d!stribution, 
but those axons in the medial group have very different features. 
Both es and RS axons have multiple axon collaterals with a w1de 
rostrocaudal extenston separated from each other at a long intervals 
in laminae V-VII of the cat spinal cord, whereas VS axons have 
multiple axon collaterala with a narrow rostralcaudal extension 
aeparated at short intervals in laminae VII-IX. lt has been tacitly 
assumed that each motor tract consista of private l!nes connecting the 
nucleus of ori¡in to a sin¡le muscle, as a motoneuron innervates a 
sin¡le muscle. But th1s notion is no longer tenable. Recent studies 
tnd1cate that single lonr descend!ng motor tract axons may innervate a 
funct1onal set of interneurons and motoneurons. 
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Speaker: D. Guitton 

Main Topic: Superior Colliculus and Gaze 

Title of your Presentation: Role of superior colliculus in tbe control of saccadic eye 
and/ or eye-bead gaze sbifts 

The topics suggested below represent more material than can be covered in 40 minutes. I 
assume the session moderator will choose whatever topics(s) suit the "mood" of the meeting. 

1. Respective roles of frontal eye field (FEF), supplementary eye field (SEF) and 
superior colliculus (SC) in saccadic eye movement control, (e.g., behavioral context, 
effect of lesions, etc.). 

2. Role of basal ganglia: caudate nucleus (eN) and substantia nigra (SN) and relation to 
se (e.g., SN inhibits Se; role of FEF-eN-SN-Se pathway etc.). 

3. eerebellar nuclei project to se. What might be the role of this pathway? 

4. Why are the visual and motor maps of the se superimposed (e.g., implications for 
eY.e or eye-head (gaze) motor control, express saccades, etc.) 

5. How are eye saccades (or gaze shifts) initiated or stopped? 

6. Does the SC provide the brainstem with a signal specifying only the vector (amplitude 
and direction) of the desired saccadic eye (or gaze) movement or rather does the se 
specify the instantaneous error vector (i.e., ongoing difference between desired and 
actual positions)? 

7. Can the concept of feedback control of saccadic eye or gaze shifts be extended to limb 
motor control? 
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Neural Control of Resplratory Movements. 

A. L. Bianchi and L. Grélot 

Département de Physiologie et Neurophyslologie, URA CNRS 205 

Faculté des Sciences et Techniques Saint JérOme 

Marseille, France 

lntroduction 

In vertebrate, the uptake of oxygen from air and the release of carbon dioxide are 

performed in the lung acting as a pump drlven by a neuromuscular machinery which 

produces rhythmlc movements of the diaphragm, thoracic muscles and other accessory 

muscles of the upper airway. 

A speclal characteristic of this machinery is to be under the control of both 

automatic brainstem neuronal network, and voluntary circuitry originating in the cerebral 

cortex. Thus, the production of respiratory movements, i.e. respiration, works as a 

sensory-motor act in a way quite similar comparad to that of the other motor systems. 

This presentation will be only devoted to the automatic circuitry. 

The motoneurones drivlng the respiratory muscles of the thoracic pump are 

located at varlous level of the spinal cord: 

-phrenic motoneurons for the diaphragm at the C4-C6 cervical level, 

-motoneurons for the intercostal muscles at the T1 -T12 thoracic level, 

-motoneurons for the abdominal muscles at T1 O-T12 thoracic level and L 1-L3 

lumbar level, 

The cranial motoneurones also receive a respiratory command. They are 

concerned with the control of the upper airway muscles which perform a valve 

regulation of the inflow/outflow of air into the thoracic pump: 

-motoneurons for the pharyngeal and laryngeal muscles, the axons of which are 

distributed in the vagus nerve and recurrent laryngeal nerve for muscles of the bronchi 

and the larynx, and In the glossopharyngeal nerve and pharyngeal branch of the vagus 

nerve for the pharyngeal muscles. 

-motoneurons in the facial nerve for the alae nasi, 

All these motoneurons are also involved in many other functions other than 

respiration. They are involved for instance in postura! control and phonation, in 
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protective reflexes of the upper airway (coughing, swallowing), in expulsiva functions 

(vomiting, defecation, parturition, micturition etc ... ). A postar presentation devoted to 

the behavior óf this motoneurons during respiration compared to their behavior during 

swallowing, vomiting and coughing has been presented during this workshop (Grélot et 

al., 1992). 

The first goal of the modern respiratory Neurobiologists was to locate in the 

brainstem the so-callad respiratory neurons which drive these different motoneurons in a 

well coordinated fashion to insure ventilation. 

The notlon of resplratory neurons 

A respiratory neurons is defined as a neuron exhibiting a rhythmic activity with a 

firing discharge pattern in relation to the movements of the thorax or EMG of the 

diaphragm. In paralyzed animals, the favorita preparation of Respiratory 

Neurophysiologists, the neural gross activity of the phrenic nerve usually serves as 

witness of the central respiration .. 

Extracellular or intracellular microelectrode soundings of the brainstem have been 

performed in severa! species of mammals, and mainly in the cat, under various 

experimental conditions (anesthetized or decerebrate, paralyzed or spontaneously 

breathing animals with intact vagi or bivagotomized). 

Thus, in the brainstem, it is possible to record neuronal activities relatad to either 

inspiration or explration, hence giving two categories of respiratory neurons: lnspiratory 

neurons spiking in phase with the bursts of phrenic nerve activity, and expiratory 

neurons spiking between the bursts of phrenic nerve activity (Fig. 1 ). 

But, characterization of the respiratory-related neurons by using only discharge 

pattern criterion was not sufficient to know what are the functional properties of the 

respiratory neurons and their role in the rhythm generation and modulation of the 

respiratory rhythmicity. 

Other criterions are needed to separate the real respiratory neurons from the 

neurons exhibitlng respiratory-related activity, but not associated with generation and 

modulation of the respiratory rhythmicity. 

One important criterion is to determine their axonal destination. Neuroanatomical 

tracing methods can be used, but it is much more useful to know the axonal projection 

of the neurons at the time of recordings. For this purpose, the antidromic invasion of the 

soma by electrical stimulation of the axons is an useful tool to characterize the 

functional category of the respiratory neuron under recording (Bianchi, 1971). 

Anatomo-functlonal propertles of the respíratory neurons. 
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lt turns out that based on the antidromic invasion following stimulation of their 

axons, 3 functional categories of respiratory neurons can be recognized: 

- the lnsplratory and expiratory bulbospinal premotor neurons whose axons go 

down to the spinal cord to drive the motoneurons of the diaphragm, and the 

motoneurons of the thoracic and abdominal muscles; these neurons constitute the 

output neuronal population of brainstem respiratory network; 

- the lnspiratory and expiratory motoneurons whose axons are distributed in either 

the vagus nerve and its branches, or in the glossopharyngeal nerve; these cranial 

motoneurons regulate the upper airway patency during the respiration. Their pattern of 

activities look-alike those of the respiratory neurons concern with the production of the 

thoracic respiratory movements, and they can be recognized solely by antidromic 

invasion at the time of recording. 

- finally, even if the above criteria are used, number of the respiratory neurons 

had their axonal projectlons undetected. However, antidromic mapping of their axons 

withln the bralnstem have revealed that these neurons can be defined as propriobulbar 

inspiratory and explratory interneurons, a name which assumed an intramedullary course 

for their axons. This definition gives these neurons an inferred position of higher arder 

interneurons involved either in the central pattern generator or, at least, In 

interconnective pathways between groups of output identified medullary respiratory 

neurons, i.e., bulbospinal premotor neurons and cranial motoneurons. Certain of their 

connections with output respiratory neurons have been shown by antidromic, cross

correlation and spike triggering-averaging methods. However, since these proprlobulbar 

neurons where detected by means of negative criterion, the absence of antidromic 

activation, it is better to give them the label of not antldromlcally actlvated (NAA) 

neurons. 

Localization of the respiratory neurons. 

These respiratory neurons are concentrated into two well-defined distinct regions 

of the medulla oblongata (Feldman, 1986). 

One termed the dorsal resplratory group (DRG) constltutes the ventrolateral 

division of the nucleus of the solitary tract. lt is composed of a population of multipolar 

cells morphologically and functionally homogeneous, but quite restricted in number 

(Berger et al.1984; Otake et al.1989). Studies involving extracellular recordings and 

antidromic stimulation of the cervical spinal cord have given an estimate of 50 to 80% 

of inspiratory bulbo-spinal neurons within the DRG (Bianchi, 1971; Euler et al.1973). 

The second aggregate of medullary respiratory neurons is commonly referred to 

as the ventral resplratory group (VRG). lt corresponds to a bilateral longitudinal column 

of neurons extending from the facial nucleus to the first cervical roots in a region of the 

lateral medulla associate with the nucleus ambiguus (Bianchi, 1971 ). The VRG is usually 
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subdivided into three divisions which support anatomical and functional peculiar 

characteristics. The caudal division or caudal VRG (cVRG) extending from the limit 

between spinal cord and medulla to the obex, has been also named the retroambigualis 

nucleus. This region is characterized by the presence of a high concentration of 

expiratory bulbospinal neurons. 

The intermediate division of the VRG (iVRG) includes the nucleus ambiguus and 

para-ambiguus whose distinction is more due to functional than anatomical 

consideration. The nucleus ambiguus includes the laryngeal motoneurons driving the 

intrinsic laryngeal muscles and part of the pharyngeal muscles which exhibit various kind 

of respiratory pattern of activities, either expiratory or inspiratory, but which cannot be 

considerad as element of the central respiratory rhythm generator. The nucleus para

ambiguus includes respiratory bulbospinal premotoneurons which can be considerad as 

the output neurons of the "respiratory center" involved in the control of spinal 

motoneurons driving the thoracic respiratory muscles. This nucleUs also includes 

respiratory propriobulbar interneurons. The relative location of the bulbospinal neurons 

with respect to the laryngeal motoneurons of the nucleus ambiguus have been studied 

by means of retrograde fluorescent double labeling or electrophysiological methods. 

Bulbospinal neurons were described to be arranged both within the nucleus ambiguus, 

and ventromedially and ventrolaterally to it. 

The rostral division of the VRG (r-VRG) includes the rostral poie of nucleus 

ambiguus which take the name of retrofacial nucleus due to its proximity with the facial 

motor nucleus. This division includes pharyngeal motoneurones exhibiting expiratory or 

inspiratory pattern of discharge (Grélot et al.1988; Bianchi et al.1988; Grélot et 

al. 1989). In addition to these pharyngeal motoneurons, the rostral VRG also include 

respiratory interneurons interconnected with the caudal medulla and spinal cord. Sorne 

of the latter are neurons exhibiting an expiratory augmenting pattern of activity, and are 

referred to as the "Botzinger Complex" which constitutes a functional rather than 

anatomical division. 

The pattern of dlscharge of the respiratory neurons 

Examination of the pattern of discharge of respiratory neurons shows the 

existence of several sub-categories largar than the simple characterization into only two 

types, i.e. inspiratory and expiratory neurons. The various sub-categories have been 

recognized by examination of the time course of the discharge, in addition to the period 

in inspiration or expiration, at which the neurons fired (augmenting or constant, and 

decreasing), and the time in the respiratory cycle, at which minimum or maximum 

frequency occurred (early or late) (Cohen, 1979). 

Hence, it was possible to distinguish at least 5 or 6 subtypes of respiratory 

neurons (Fig 1 ): 
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Figure 1: Sketch showlng firlng patterns of resplratory neurons 
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- inspiratory neurons with an augmenting pattern of discharge reaching a 

frequency peak in late inspiration (1 augmenting, 1 ramp, 1 late). or with a decrementing 

or early peak pattern of discharge frequency (1 early burst, 1 decrementing). 

- expiratory neurons with an augmenting (E augmenting, or E constant) or with a 

decreasing discharge pattern (E early or Post-inspiratory neurons). 

lntracellular recordings give indication on the time course and intensity of 

excitatory and inhibitory post-synaptic potentials of the sub-groups of medullary 

respiratory neurons previously described by extracellular recordings, 

Comparing the pattern of the membrana potential trajectorles during perlod of 

inhibition to the pattern of respiratory neurons firing at the same time, it has been 

possible to assume how the various subgroups of the respiratory neurons wlthin the 

network are interconnected (Richter, 1982; Richter et al.1987). 

An augmenting pattern of excitatory synaptic inputs was observad in inspiratory 

ramp (IR) and late inspiratory (1-1) neurons. Close examination of the membrana potential 

tra]ectories permitted to distinguish not only the period at which these neurons received 

waves of excitatory inputs, and fired, but also the period at which the same neurons 

received waves of inhibitory inputs, and are silent. 

The method to reveal that the period of repolarization of the membrane potentials is due 

to a wave of active inhibition, is to ralse intracellular chloride by passing negative 

current (ionophoretic injection) through the microelectrode filled with KCI. 

This maneuver induced the hyperpolarization to flatten and finally to reverse in a 

iarge depolarizing wave of inhibitory post-synaptic potentials by displacing the 

equilibrium potential of chloride to more positive values. Such reversa! of the membrane 

potentials in expiration (Fig. 2A2) implies the presence of an augmenting and summing 

pattern of IPSPs during second part of expiration the origin of which is assumed to be 

the expiratory augmenting neurons firing at thls time (Fig. 281 ). 
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Figure 2: Membrane potential trajectories of a medullary NAA inspiratory neuron of the 

VRG during microionophoretic injection in its extracellular environment of apamine and 

TEA. 

In each .. panel, MP, membrana potentials; Phr, integrated phrenic nerve activity. A: 

control condition 2 min after cell impalement, note the large and transient 

hyperpolarization in post-inspiration. B: extracellular injection of apamine during 2 min . 

(100 nA) cancelad the post-inspiratory period of hyperpolarization. C: intracellular 

injection of chloride by negativa current (3 nA, 2 mini induced a small depolarization by 

reversa! of inhibitory post synaptic potentials. D: extracellular injection of TEA during 30 

s. (70 nA) after the chloride injection enhanced the depolarization in the post-inspiratory 

period . (unpublished results obtained with F. lssa and J.E. Remmers) 
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lt had been proposed the existence of a three phases theory in the respiratory 

cycle (Richter, 1982), assuming the existence of a phase of passive expiration beginning 

at end inspiration (called stage 1 of expiration), followed by a phase of active expiration 

or stage 11 expiration. 

A second rhythmic patterns of inhibition were related to expiration, during the 

period which is referred to as post-inspiration, early expiration or stage 1 of expiration . 

This stage 1 expiratory inhibition appears in severai of the sub-categories of neurons, and 

especially in sorne inspiratory neurons where this inhibition has a very pronouncing 

decreasing profile. 

This post-inspiratory inhibition is the result of inhibitory inputs which are reversed by 

negative current. lt is assumed that this inhibition is coming from the post-inspiratory 

neurons firing during this period of the respiratory cycle. 

However, the inspiratory interruption is not solely the result of this wave of 

inhibitory input. lndeed it appears that at least in sorne neurons membrane current 

conductances are involved. One is TEA sensitive, and could correspond to a potassium 

voltage-dependent conductance . The other is apamine or EGTA sensitive, and couid 

correspond to a potassium calcium-dependant conductance (Fig 3). 

Thus, the interruption of the discharge of inspiratory neurons, the so-called off

switch mechanisms, could be the combination of both synaptic inputs and intrinsic 

membrane properties of the respiratory neurons. 

An augmenting pattern of excitatory synaptic inputs was also observad in 

expiratory ramp neurons . Clase examination of the membrana potential trajectories 

permitted to distinguish not only the period at which these neurons received waves of 

excitatory inputs, and fired, but also the period at which the same neurons received 

waves of inhibitory inputs, and are silent. 

Two rhythmic patterns of inhibition were related to inspiration, which developed 

in this expiratory neurons in early and late inspiratory phases. lndeed, it is possible to 

observe in the membrana potential trajectory two waves of inhibitory post-synatic 

potentials which could be reversed by intracellular chloride lnjection (Fig. 282). One in 

early inspiration, correspond to a rapid onset, decreasing pattern of inhibitory synaptic 

inputs : it is assumed that this inhibition come from the early inspiratory neurons . A 

second wave of inhibition appears in late inspiration and exhibits an augmenting pattern 

indicating that these neurons receive a wave of inhibition coming from the augmenting 
1 

inspiratory neurons. 
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Figure 3: Membrane potential trajectories of one inspiratory (AJ and one expiratory (8) 

medul/ary bulbospinal neurons. A 1, 81 control activities just after impalement. A2, 82 

changes in membrane potentials after intracellular chloride injection. 
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Examination of the time-intensity profiles of the state of depolarization of these 

neurons indicate the presence of a sort of accomodation the orlgin of which is not yet 

known. The exlstence of such a declining pattern of excitatory drive for sorne 

respiratory neurons (post-inspiratory and early burst inspiratory we shall see just after) is 

probably not simply due to synaptic interactions, but it is suggestive of a non-synaptic 

intrinsic membrana conductance. This behavior suggests the existence of a potassium 

outward current which is activated by the calcium lle current). These neurons are rapidly 

hyperpolarized in inspiration, and the membrane potential trajectory follows a declining 

profile. This inhibitory synaptic activity in the post-inspiratory neurons can be reversed 

by intracellular chloride injection. We can assume that they received waves of inhibitory 

post-synaptic potentials from the early inspiratory neurones. 

Regarding the early burst inspiratory neurons, these neurons exhibit a declining 

pattern of membrane trajectory in inspiration followed by a rapid repolarization at the 

end of inspiration. This hyperpolarization can be .reversed by intracellular chloride 

injection indicating the existence of waves of inhibitory post-synaptic potentlals. The 

neurons which are spiking at this time are the post-lnspiratory neurons candidata for this 

inhibition. 

The observations of the pattern of synaptic activity of varlous types of respiratory 

neurons within the brainstem indicate that they are likely reclprocally interconnected. 

This observation allows to tentatively explain that the resplratory rhythm Is generated 

and controlled by a neuronal network rather than cells havlng pacemaker actlvlty. 

Especlally, lt has been inferred by Richter and hls colleagues ( 1986) that 1 early burst 

and post-insplratory (post-ll neurons "constitute populations of common inhibitory 

interneurons with widely divergent outputs to all other neurons withln the [respiratory) 

network". 

Putative neurotransmitters have been demonstrated to be involved in this 

interconnective pathways. The role of excitatory amino acids (glutamate) has been 

demonstrated in the bulbosplnal transmission of the inspiratory drlve (McCrimmon et 

al.1989). Glycine and GABA (GABAA) acting on chloride channels mediata the lnhibitory 

post-synaptic actions (Ha ji et al.1990). However, a mechani.sm only basad on synaptic 

irteractions is not enough to explain the rhythmic character of respiration. lt is likely 

that addltional mechanisms basad on intrin~ic membrana propertles may be involved to 

organize on-switch and off-switch functlons in the neuronal network producing 

respiratory movement. 
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THE ROLE OF THE SAGITTAL ZONE IN CEREBELLAR OPERATIONS 

James R. Bloedel, Division of Neurobiology, 
Barrow Neurological I.nstitute, Phoenix, Arizona 85013, USA 

This presentation explores the premise that the function of the cerebellum is best 
approached by attempting to understand the operation perfonned across its structurally 
homogeneous subdivisions, the cerebellar sagittal zones. Each zone contains a subset of neuronal 
elements whose projections are topographically orgaoired within tltis structur~ unit. These 
include the projection of Purkinje cells to the cerebellar nuclei, the nucleocortical projection, and 
the projection of climbing fibers originating frorn discrete regions within the inferior olive. An 
hypothesis is developed attempting to reconcile the sagittal organization of these afferent and 
efferent systems with the widely distributed somatotopy·characterizing the mossy fiber projections 
carrying information from various regions of the body surface and specific descending pathways. 

Studies from our laboratory support a heterosynaptic action of climbing fibers on the 
responses to its other dendrite inputs. This action consists of a short-lasting modiñcation in the 
gain of Purkinje cell responses to modulated inputs mediated by the mossy fiber-granule cell
parallel flber system. Specifically, these experiments, which used a variety of passive paradi,gms 
in decerebrate cats, demonstrated that there is an enhanced simple spike responsiveness of 
Purkinje cells following the activation of its climbing fiber input and that this enhancement lasts 
at most only a few hundred msec. 

Multiple single unit recording experiments demonstrated that perturbation of the locomotor 
cycle results in the synchronous activation of clin1bing fiber inputs to sagittally-aligned Purkinje 
cells. Furthennore the modulation of the population's simple spike response to the perturbation 
was directly related to the fraction of these neurons responding with synchronous complex spikes. 
Based on these observations and our previous studies reviewed above, tite dynamic selection 
hypothesis was proposed. This view suggests that the activation of sagittally-distributed clin1bing 
fiber inputs may spatially select populations of Purkinje cells which will be most highly 
modulated by mossy fiber inputs dislributed across multiple sagittal zones. Because tite 
distribution of the activated climbing fibers would be task-specific, thís enhanced modulation 
would occur in the groups of Purkinje cells most critica! to the coordination of the specific 
movement being perfonned. · 

Based on tite findings reviewed above and additional data which are inconsislent with the 
cerebellum serving as a required .storage site for the plastic changes produced during motor 
learning, it is further argued that the cerebellum panicipates in regulating motor behavior through 
the real time, on-line integration of inputs characcerizing externa! target space information ahout 
the intended movcmcnt, the intemal representation of body scheme, and the inputs from the 
periphery and descending pathways. 
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IS THE CEREBELLUM A LEARNING DEVICE? 

F.J. Rubia Vila 

Departamento de Fisiología Humana, Facultad de Medicina 
Universidad Complutense, Ciudad Universitaria ' 

~8040 Madrid (Spain) 

It has been shown that different lesions in the cerebellum can abolish 
the conditioning of the nictitating membrane response of the rabbitt. 
So do the lesions of the middle cerebellar pcduncle, the dentate and 
interpositus nuclei, the superior cerebellar pcduncle and the inferior 
olivary complex without affecting the unconditioned response. Similar 
results have been obtained from studies investigating the vestibulo
ocular reflex, the withdrawal reflex and the conditionied autonomic 
reflexes. 

On the basis of these results it has been proposed that the cerebellum 
is an esential element in motor learning. 

However, in other experiments it has also been shown that these 
results are probably due to deficits in motor performance rather than 
motor learning, since also deficits in the unconditioned response were 
observed after lesions in the cerebellum. Moreover, naive decerebrate 
rabbits could acquire the conditioned nictitating membrane reflex 
with inyections of local anesthetics into the cerebellar nuclei during 
training. It was , therefore, concluded that the cerebellum has an 
important role in regulating sensorimotor processes which are 
necessary for the performance of both the unconditioned and 
conditioned responses. 

Finally, experiments performed on decerebrate-decerebellate rabbits 
have shown that the decerebrate animals that were previously 
conditioned could execute the conditioned reflex behavior following 
complete removal of the cerebellum. 

In our own experience, it is difficult to adscribe to the climbing fiber 
system the role of a teacher or instructor of the Purkinke cell, since 
we found that this system is able to transmit to the cerebellum very 
precise information about peripheral events, like the mossy fiber 
system. Working on the decerebrate cat or the awake monkey, we 
have been able to show that the climbing fiber system can convey to 
the cerebellum information about position, velocity and acceleration 
of a passive movement applied to lhe animal's forepaw as well as the 
direction of the movement. 

In awake monkeys, a similar passive movement could elicit also 
similar responses. By comparing passive with similar active 
movements we found ~hat during voluntary movements the sensory 
feedback information from the periphery via the climbing fiber 
system was cancelled or strongly reduced and that the same olivary 
cell responded to the command signal from the motor cortex. 
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From this type of experiments we concluded that the climbing fiber 
system seems to be another sensory afferent system like the mossy 
fiber system. Presumably, the information conveyed by the climbing 
fiber system is involved in transmitting information about the 
sensorimotor context from which a precise movement has to start. 
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THALAMIC OSCILLATIONS AND THEIR MODULATION 
BY BRAINSTEM CHOLINERGIC SYSTEMS 

Mircea Steriade 

Département de Physiologie, Faculté de Medicine 
Université Laval, Cité Universitaire 

Québec lQE, Canada GlK 7P4 

There are three types of thalamic oscillations occurring during behavioral states of 
alertness and quiet sleep. 

l. The beta (25-40 Hz) oscillation appears during waking immobility while animals are 
. watching a prey and humans perform a complex task. Thalamocortical cells display rhyth
mic fast prepotentials (FPPs) within the beta frequency range that are either intrinsic or 
arising in afferent projections. Brainstem cholinergic systems potentiate beta oscillation by 
acting ori muscarinic receptors of cortical-projecting thalamic neurons. 

2. The spindle (7-14 Hz) rhythm is the epitome of brain electrical synchronization at 
sleep cmset and is associated with loss of consciousness. It is a synaptically generated oscil
lation due to the pacemaking properties of GABAergic reticular (RE) thalamic neurons 
that impose rhythmic IPSPs onto thalamocortical cells, followcd by rebound spike bursts 
transferred to the cerebral cortex. Spindles are blocked upon arousal, mainly by the actions 
of brainstem cholinergic afferents that decouple the synaptic networks of the spindle 
pacemaker, the RE nucleus. 

3. 111e delta (0.5-4 Hz) rhythm prevails during late sleep stages. It is an intrinsic oscilla
tion due to the interplay between 2 currents (Ih and It) and is generated at more hyperpo
larized levels than spindles. Then, I will postufate that a progressive hyperpolarization of 
thalamic cells with the deepening of sleep accounts for spindling during early stages and 
delta waves during late stages. While the 0.5-4 Hz oscillation is intrinsically generated in 
individual thalamic cells, it is potentiated and unrelated thalamic cells become synchro
nized by corcicothalamic volleys engaging RE thalamic neurons. Brainstem cholinergic 
modulatory systems block this slow oscillation by depolarizing thalamócortical cells, thus 
bringing them out of the voltage range required for delta genesis. 
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SPEAKER C. Acufia 
Laboratorios de Neurociencia. Dept. Fisiología 
Universidad de Santiago de Compostela. Spain. 

MAIN TOPIC: pulvinar-latero posterior complex and goal 
directed movement. 

TITLE Role of Pulvinar-latero posterior complex of 
behaving primates in goal directed movements. 
Comparison with parietal area Sa. 

Goal directed movements are voluntary unconstrained arm 

movements directed to targets situated in the immediate 

extrapersonal space. Here we present evidence of the 

participation of the 

complex of behaving 

movements113 • 

pulvinar-latero posterior (pv-lp) 

monkeys in goal directed arm 

The extracellular unit activity in the pv-lp was recorded 

in monkeys during the execution of goal directed movements 

in a previous learned task. Because of area 5a has been 

related to reaching behavior3 , the same paradigm was used 

in area Sa in arder to compare the thalamic and cortical 

re¡sponses. A study of area 5a-pv-lp connections at the 

places of recording was made with HRP-WGA. 

The cell discharge of the majority of the pv-lp cells 

(95/123, 77%) is related to the movement itself, but not to 

the direction of the goal. Only 28/123 (23%) were goal 

direction sensitive. On the contrary, the majority (62/109, 

76%) of area 5a cells are goal direction sensitive, and 

only 20/109 (24%) are related to the movement itself. The 

HRP-WGA study revealed that the area 5a and pv-lp places 

were the activity of these cells were recorded, are 

connected together. 

The pv-lp complex would integrate cortical and subcortical 

information for the execution of visual guided movements. 

Cortical areas would be more directly related to 

directional movement information, whereas the pv-lp would 

belong to a distributed system subserving attentional 

functions. 

1 Acufia c et al (1983) Exp Brain Res, 52: 411-422. 
2 Kalaska JF et al {1983) Exp Brain Res, 51: 247-260. 
3 · Acufia c et al (1990) Exp Brain Res, 82: 158-166. 
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INTERACTIONS OF NEUROTRANSMITTERS IN THE BASAL GANGLIA AND AGING: 
Studies of amino acids and dopamine. 

F.Mora 
University 

Department of Physiology. Faculty of Medicine. 
Complutense of Madrid. 28040 MADRID. Spain 

The basal ganglia has been the focus of research in relation to the 
interaction of severa! types of neurotransmitters ( 1). In 
particular, the possible interaction between dopamine and acidic 
amino acids has been a matter of controversy in recent years( 2). 
In fact, the hypothesis accepted up to very recently was that 
dopamine, released in the neostriatum through the terminals of the 
nigrostriatal pathway was inhibitory of the release of glutamate 
through the corticostriatal pathway (3 ). This hypothesis has 
recently been questioned ( 2). 

Based on recent findings it has been hypothetized the possibility 
that dopamine releases glutamate and/or aspartate through a 
corticostriato-thalamocortical negative feedback loop (2 ), In fact 
our experiments (see in this same issue Exposito et al. 1991) show 
that dopamine perfused directly into the neostriatum produces a 
concentration-related release of glutamic acid and also aspartic 
acid (at the higher concentration) and that this release is blocked 
by the Dl-D2 dopamine receptor blocker haloperidol. 

These last experiments coupled with those published by Freeman and 
Gibson ( 4) in which a release of dopamine and glutamic acid along 
with a decrease of acetylcholine is produced in the basal ganglia 
as a result of aging suggest the possible participation of the 
c o rtico-striato-thalamo-cortical circuit in the neurochemical 
mechanisms underlying aging of the basal ganglia. 

1) A.M. Graybiel, TINS 13, 272-276 (1990) 2) Carlsson, M., 
Carlsson, A., TINS 13, 272-276 (1990) 3) Kim et. Al. Nerurosc. 
Lett. 20, 379-382 (1980) 4) Freeman,G.B., Gibson, G.E. Ann. N.Y. 
Ac. Sci . 191-202 (1988) 

This research has been supported in part by the DGICYT grant 
PB90-0252 
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NEURAL CONSTRUCT OF SPACE IN THE PRIMATE FRONTAL LOBE 

ROBERTO CAMINITI 
Istituto di Fisiologia Umana, Universita degli Studi 

"La Sapienza", P. le Aldo Moro 5, 
00185 ROMA, Italy 

In both premotor and motor cortices, individual arm
related neurons are broadly tuned around a preferred 
directi,on of movement. This implies thaé coding of arm 
movement direction occurs at the population level. 
Experimental data suggest, in fact, that neuronal movement 
population vectors (NMPV) describe well the direction of an 
incoming arm movement. 

When arm movements of similar directions are made 
within different parts of space, in both motor and prernotor 
cortices the cell preferred directions shift their 
orientation to follow the orientation of the arm in space. 
This suggests that coding of direction of movement occurs 
wil:hin a coordinate system centered on the shoulder joint 
and rotating with it. In these conditions, where patterns of 
muscle activity and joint angles change notably, NMPV do not 
change their spatial orientation, suggesting that they 
reflect movement kinematics more than movement dynamics. 

These results support the hypothesis that cortical 
circuits compute the appropriate motor command by combining 
the visual information about movement traj ectory with the 
proprioceptive one concerning the orientation of the arm in 
space. This combination can be learned by a neural network 
during spontaneous movements of the arm. The network, 
composed of units mimicking cortical columns, learns a 
computation similar to a bilinear combination of inputs 
which can predict the invariant properties of neuronal 
activities in an arm-centered coordinate system. 
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Synaptic lnteractions between Motor Cortex Neurons 

Eberhard E. Fetz 
Department of Physiology and Biophysics 

and Regional Primate Research Center 
University of Washington 

Seattle, W A 98195 

Previous studies have elucidated the response properties and. post-synaptic 
effects of premotoneuronal cells on motoneurons in oehavin~ monkeysl. Similar 
techniques have now been used to study synaptic interactions betWeen motor 
cortical neurons, as measured by cross-correlating the spike activity of neighboring 
cells and by spike-triggered averages of membrane potentials2. lntracellular studies 
in neocortical slices have elucidated the relationship between these two measures by 
showing that excitatory post-synaptic potentials aifect firing probability of cortical 
neurons in two ways: by direct thresnold crossing and by turning on an in ward 
current that also shortens the interspike interval3. 

In vivo. extracellular recordings in behaving monkeys have documented the 
response patterns of motor cortex neurons whose synaptic linkages to each other 
were revealed by cross-correlation2. The correlogram feature encountered most 
often is a central peak, dueto common synaptic input to both recorded neurons from 
the same presynar.tic cells or from synchronized inputs. In vivo intracellular 
recordings with sp1ke-triggered averages have provideá more sensitive measures of 
the synaptic potentials mediated by connections between motor cortex neurons4. 
Cells in different cortical layers have excitatory and inhibitory serial connections, but 
again the most frequent observation is common synaptic input to both cells, 
particularly in awake monkeys. 

A new mode of synchronous activation of large populations of neurons has 
recently been investigated. In behaving monkeys sensorimotor cortex neurons and 
local field potentials can exhibit osci!Iatory activity at 25 - 35 Hz during finel5 
controlled hand movements that require attention and sensorimotor integration . 
These transient oscillations occur in phase over large cortical regions, suggesting 
effective recruitment of many neurons into coherent discharge. Intracellular 
recordings revea! depolarizing potentials during these oscillatory episodes and 
interspike interval trajectories of sorne cells suggest an intrinsic tendency to 
repolarize at 30 - 40 ms. . 

1. Fetz, E.E., Cheney, P.O., Mewes, K. and Palmer, S. Control of forelimb muscle 
activity by populations of corticomotoneuronal and rubromotoneuronal cells, 
Pro~ess m Brain Research 80: 437-449, 1989. 

2. Fetz, E~ . Toyama. K. and Smith, W. Synaptic interactions between cortical 
neurons, m Cerebral Cortex, Vol IX Altered Cortical States, A. Peters and E. G. 
Jones, eds. Plenum Press, New York, 1-47, 1991. 

3. Reyes, A.D. and Fetz, E.E. Effects of depolarizing pulse potentials on the firing 
rate of cat neocortical neurons. Soc for Neuroscience Abst., 15: 1309, 1989. 

4. Matsumura, M., Chen, D.-F., and Fetz, E.E. Relative intracortical location of 
synaptically interacting neurons in the primate precentral motor areas. Soc for 
Neuroscience Abst, 16: 242, 1990. 

5. Murthy, V.N. and Fetz, E.E. Synchronized 25 - 35 Hz oscillations in sensorimotor 
cortex of awake monkeys. Soc for Neuroscience Abst. 17: 310, 1991. 

6. Chen, D.-F., and Fetz, E.E. Intracellular correlates of oscillatory activity of cortical 
neurons in awake behaving monkeys. Soc. for Neuroscience Abst. 17: 310, 1991. 
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THE CORTICOSPINAL SYSTEM: PARALLEL PATHWAYS FOR THE 
CENTRAL CONTROL OF MOVEMENT 

Dr. Peter L. Strick 

Department of Veterans Af f airs Medica! Center 
800 Irving Avenue 

SYRACUSE, New York 13210 (USA) 

The results of recent studies indicate that premotor cortex 
is composed of multiple, spatially separate 'premotor areas'. 
Each premotor area receives a unique pattern of inputs from the 
parietal lobe and from subcortical motor nuclei like the 
cerebellum and basal ganglia. Furthermore, each promotor area 
projects not only to the primary motor cortex, but alsb to the 
spinal cord. This arrangement provides each premotor area with 
a 'motor' output which is independent of the primary motor 
cortex. These findings suggest that the anatomical organization 
of the premotor areas and the primary motor cortex should be 
viewed from a new perspective. We propose that these cortical 
motor areas represent the nodal points for parallel pathways to 
the spinal cord. Thus, each motor area should be considered as 
part of a functionally distinct efferent system which may 
differentially generate and/or control a specif ic aspect of motor 
behavior. 
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THE DEVELOPMENTAL ORIGIN OF MOTOR SYSTEMS IN THE VERTEBRATE 
CNS. Dr. Robert Baker, Dept. of Physiology and Biophysics, New York University 
Medical Center, 550 First Avenue, New York, NY 10016 

One of the most challenging problema in biology is to identify the 
developmental mechanisms responsible for the arrangement and 
interconnections of cella in the vertebrate sensory-motor system. Recent evidence 
suggests that the hindbrain region consiste of a series of nearly identical 
compartments each acting as a species-typical developmental template 
underlying the generation of unique neurogenic patterns. According to this 
scenario each hindbrain compartment (neuromere) is critical for producing a 
segmentally unique pattern of neurogenesis and subsequently imparting that 
positional identity upon adjacent paraxial mesoderm through the migration of 
neural crest derivatives as illustrated in the accompanying figure. 

Neural Crest 

pyramlda.lls 
~-..c--- ,quadratus 

Homeobox genes give rise to a group of sequence-specific DNA-binding 
proteins that have been implicated as the molecular pre-pattern underlying 
compartmentalization. At issue, is how the segment-restricted code of Hox gene 
e~ression becomes established in the neuronal epithelium and the adjacent 
~grating neural crest to then impart a Uox-code in cranial ganglia and paraxial 
'mesoderm. The concept of causal instructive interaction between the above 
autonomous tissue types can be utilized to test the hypothesis that the 
developmental basis for establishing fundamental vertebrate networks is founded 
upon early embryonic spatial programming of motoneurons in brain neuromeres 
coupled with instructive spatial cues available in the muscle-specific template. 
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NOVEL HYPERPOLARIZATION-ACTIVATED K' CURRENT MEDIATES INWARD 
RECTIFICATION IN CRAYFISH MUSCLE. 
Alfonso Arague & Washington Buño. 
Neurofisiologia, Instituto Cajal, CSIC, Madrid, Spain. 

l. The ionic current underlying inward rectification in opener 
muscle fibres of crayfish was studied under two-electrode 
voltage-clamp. 

2. Hyperpolarizing voltage cornmand pulses from a holding 
potential of -60 mV evoked an instantaneous voltage-independent 
linear current (IL) followed by a time- and voltage-dependent inward 
current (I,.) which reached a steady-state within 500 ms. 

3. The mean reversa! potential of I,. (E,.) at an extracellular 
K• concentration ( [K.] 0 ) of 5. 4 mM was -61. 78 mV. E,. shifted towards 
positive potentials by 50.78 mV for a tenfold increase in [K'] •• 

4. The conductance underlying I,. ( G,.) increased sigmoidally 
with hyperpolarization, starting close to the RP, saturating at a 
G,.max of about -140 mV, and showing a mean half-activation at 
-94. 4 3 mV. The acti vation curve of G,. shifted 53. 56 mV towards 
positive potentials with a tenfold increase in [K'J •• G,.max did not 
increase in ra·lsed [K.] 0 • 

5. The activation and deactivation kinetics of I,. were 
accurately described by single exponentials with similar time 
constants ( <100 ms). Time constants changed as an exponential 
function of the membrane potential. 

6. I,., its time course, G,. and E,. were not modified in the 
following conditions: (1) N~- and ca,.-free solutions, (2) 
intracellular EGTA, (3) extracellular (100 mM) or intracellular 
TEA, (4) extracellular es• (up to 50 mM), Rb• (up to 10 mM), Ba" 
(13.5 mM) or Mn" (13.5 mM). 

7. Low extracellular concentrations of Cd2
• or Zn2

• ( <5 mM) 

strongly and reversibly reduced both IL and I,.. . 
8. We conclude that inward rectification in crayfish muscle 

is generated by a voltage- and time-dependent K• current Ira• This 
current displayed many electrophysiological and pharmacological 
characteristics which distinguish i t from all others mediating 
inward rectification described previously. 

This work was supported by DGICYT and CEC grants to W.B. A.A. 
is a CajaMadrid fellow. 
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DISCHARGE PATTERNS IN DENTATE NUCLEUS DURING VISUALLY GUIDED 

STEPPING. 

J.M. CRIADO AND D.E MARPLE·HORVAT. DEP. PHYSIOLOGY, UNIVERSITY OF BRISTOL, U.K. 

The dentate nucleus is the output nucleus for the cerebellar hemlsphere and there is abundant 

evidence in man and monkeys that lesion (both permanent and reversible) greatly impairs the 

accuracy of visually guided movements of the upper limb (Brooks et al, 1973; Miall et al, 1987), 

which implies an important role for the lateral cerebellum in the control of such movements. 

Furthermore, sorne neurones in dentate nucleus and the hemispheral cortex projecting to it 

exhibit early responses to visual stimuli, and sometimes complex properties in which the 

behavioural significance of visual inputs appears important (Marple-Horvat & Stein, 1990). 

Connections to and from dentate nucleus in the cat establish that it is essentially a functional 

homologue to primate dentate nucleus; there are massive visual cortical projections to the 

lateral cerebellum via the pontine nuclei (Baker et al. 1976). There is, however, a lack of data 

regardi.rlg unit discharge patterns in dentate nucleus during visually guided forelimb 

moveménts in the cat. We therefore record discharges of these neurones in cats trained to walk 

on the rungs of a horizontal ladder, which requires a high degree of visuo-motor coordination. 

In addition, two rungs around the ladder can be made to move up or down 3 or 6 cm from the 

level of the walkway. Rung movement can be made to occur at different times during the cat's 

approach. Using this mechanism we are able to look at the neural discharges for components 

related to stepping (limb movement), eye movement (spontaneous, step-related or evoked by 

the moving rung) and visual stimuli whose signiticance to the animal can be varied. 

We ha ve recorded 33 neurones, 7 of which were ldentified as cerebellar projection neurones by 

antidromic stimulation in brachium conjunctivum. Histological verification showed ali 

electrode penetrations passed through dentate nucleus (none through nucleus interpositus). 

Eight cells discharged rhythmically during normal ladder locomotion. 

Twenty-one neurones were tested against the pre-displaceable rung. Several of these showed 

short latency responses to the visual stimulus of rung movement. This altered discharge can be 

seen in isolation by subtracting the normal step-cycle related modulation in cells which 

discharged rhythmically during ladder walking. 
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BEílAVIOR OF PREPOSITUS HYPOGLOSSI ANO VESTIBULAR NEU
RONS PROJECTING TO THE ABDUCENS NUCLEUS IN THE ALERT 
CAT 
M. Escudero, R.R. de la Cruz and J.M. Delgado-García 
Lab. de Neurociencia, Univ. de Sevilla, Avda. Reina Mercedes 6 
41012-Sevilla, Spain 

Extraocular motoneurons present a burst of activity duri'ng 
rapid eye movements in the pulling direction of the active muscle 
and a resting frequency proportional to eye position in the orbi~. 
Both, velocity and position signals are thought to be generated 
in the premotor ocular system. It has been proposed that eye posi
tion signal is achieved by the integration of eye velocity signal. 

·Electrophysiological and.behavioral studies have pointed out that 
the integrator is located in the prepositus/vestibular nuclear 
complex. The goal of this work was to study oculomotor signals 
carried by both structures to the abducens · (ABD) nucleus during 
spontaneous, vestibular- and visual-induced eye movements. Animals 
were chronically implanted with stimulating electrodes on the VIth 
nerve, and with recording and stimulating electrodes in the ABO 
nucleus. Eye movements were recorded with the scleral search-coil 
technique. Neural activity and field potentials were also recorded 
with glass microelectrodes. Neurons in both nuclei were identified 
by tl1eir antidromic activation from the ABO nucleus, the averaged · 
field potentials induced in the ABO nucleus by the recorded spike 
and their activity during vestibular sinusoidal stimulation. 

Vestibular neurons shown an irregular frequency, with a very 
low position coefficient, during spontaneous and optokinetic eye 
movements and a phase lag of 902 respect to eye position, during 
vestibular stimulation. Prepositus hypoglossi neurons were more 
regular and their activi ty was highly correlatep with eye position 
in the orbit during all types of eye movements. We propose the 
prepositus hypoglossi as the nucleus giving the eye position sig
nal to the ABD nucleus. 

Supported by grants from the CICYT, Junta de Andalucia and 
SCIENCE programmes. 
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INTERACTION OF ACIDIC AMINO ACIDS AND DOPAMJNE IN THE BASAL 
GANGLIA OF THE "IN VlVO" CONClOUS MT. 

Exp6sito, I.1 Porras, A.; Sanz, B. and Mora, F. Department 
of Physiology. Faculty of Medicine. Univcrsity Complutense 
of Madrid. 28040. Madrid. Spuin. 

Previous studies (Carlsson and Carlsson, 1990) have shown 
that glutamatergic terminals arising fro!1'l the cerebral 
cortex terminate in the caudate putamen in the rat, Also 
dopaminergic terminals exist in the basal ganglia arising 
from the substantia nigra pars compacta in the mescncephalon. 
The basal ganglia also contains ' intrinsic aminoacidergic 
neurones (Ottersen and Storm-Mathisen, 1984) together with 
neurones containing acethylcholine, GABA and several types 
of peptides neurotrans~itters among them neurotensin. 

Several hypothesis have postulated a possible type of 
interaction between glutamatergic terminals, and/or neurones 
and dopaminergic terminals. However, the controversy still 
rema1ns as to the exact type of this interaction. 

In this comunication we present a series of experiments in 
which the effects of apomorphine, an agonist of dopaminergic 
receptors, have been perfused directly into the basal ganglia 
and analyzed its effects on the release of acidic amino acids 

iin the concious rat by means of an "in vivo" "push-pull" 
perfusion system. In these experiments apomorphine at the 
doses of 3, 1.5 and 0.75 ug/ml produced a dose-response curve 
in the release of glutamic acid. Higher doses of 6 and 12 
ug/ml produced an inhibitory effect on the release of this 
same amino acid. Only the dose of 3 ug/ml increased 
significantly the release of aspartic acid. Paradoxically, 
the extracellular levels of the main precursor of thesc acidic 
amino acids, mainly released from astrocytes, also was incre~sed 
under the effects of apomorphine. The effects of apomorphinc 
were blocked by the D1-D2 dopamine receptor antagonist, 
spiroperidol. These results suggest that dopamine directly or 
1ndirectly through GABAergic neurones could interact with 
aminoacidergic neurones and/or terminals in the basal ganglia. 

Carlsson, M. and Carlsson, A. TINS, 13: 272-276. (1990). 

Ottersen, O.P. and Storm-Kathisen, J, J. of Comparative 
~eurology, 229: 374-392. (1984). 

This research has been supported in part by the DGICYT grant 
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Postural adjustments in cats during conditioned 

movements in form of a single step 

Wolfgang H. Fischer, Florian P. Kolb 

lnstitute of Physiology, Pettenkoferstr. 12, W-8000 München 2, Germany 

The aim of our current research is to study restitutional processes in the sensory motor 

system of the cat following different types of lesions. 

We used the conditioned movement paradigm In arder to correlate behavior with 

neuronal activity in the cerebellar cortex. This was done befare and after experimentally 

applied lesions. The aim of the present study was to obtain evidence for expected 

changes in the neuronal activity within the cerebellum. 

In the behavioral approach, we trained co-operative cats to stand still on four platforms 

within a pre-defined resting period. The platforms were equipped with strain gauges to 

monitor the forces produced by each limb. Following a tone signa!, the animal had to 

perform a single step with the forelimb to a fifth platform positioned directly In front of 

the others. The position of the moving limb was also measured. From the force signals 

the trajectory of the center of gravity was calculated. Evaluation of measurements from 

four cats revealed that each cat used its own strategy to perform the step. This could 

be derived from the individual forms of trajectories which were typical for each animal 

as well as from the related times and velocities of these signals. 

In the electrophysiological approach, we implanted chronically a multi channel 

recording electrode In the cerebellar cortex. The electrode was inserted lnto lobule V, 

which represents the sensory forelimb area of the animal. During the implantation 

procedure the lpsilateral superficial radial nerve was electrically stlmulated and evoked 

potentials were recorded. 
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UNITARY ACTIV1TY lN THE CAT FRONTAL CORTBX DURINO 

CONDlTIONED LOCOMOTION 

A.J. de la Puente, A.S. R.iolobos, J. Yajeya. 

Departmonto de Fisiología y Farmacología. 

Facultad de Medicina 

Universidad de Salamanca 

Thc acllvily of a high proportion of frontal cells in cats changes during 

locomotlon on a moving rubber band. Howevcr, this type of motor aclivity did not 

requlre that thls portion of the C-Ortcx should be intact. Questions thus arise concerning 

the functlon of lhis area. In primates, the frequcncy changea observcd in motor cortex 
are relatcd with fine finger movcments, the modulatlon of active force and/or the 

airtplitude and direcll.on of vlsually guided movemcnts. In cats, unitary recordlngs of 

flt>ntal neurons show that many of them discharge rhythmically durlng locomotion¡ thls 

pattem may be essenlial for control of the step cycle. Other cclls show changcs thal 

mlght nol be related with any of lhe controlled parametors¡ in such a case, these 

neurons could bB related to more complex locomotor control. Our aim was to 

dcmonstrate the partlclpallon of frontal cclls during prcparatlon for locomotlon. For thls 

purposc, frontal unltary acllvity wa8 recordcd in two cals previously tralned to walk on 

an exerclse belt running at a speed of 0.S rn/sec and to follow an experimental protocol 

in whlch the wa1kln¡ and rest periods were condltioning by pcrception of an audltory 

stimulus. 
The results show that in 38 frontal cells recorde<I (group A), the frequency of 

discharge under control conditions was 28 Hz. This value lncreased during the period 

following the pcrception of an auditory stimulus, eventhough nelther an evokod 

potentlal nor movement were presenl. Thirtoen ncurons dccreased thcir aclivily (group 

B) and 5 did not show any change -(¡roup C). Sorne of thc neurona (31) lncluded in 

group A increascd thcir dlscharge frequcncy even more durln& the first lSOO ms of 

locomotion, thereafter returning to lowcr values. 

These observatlons show that aome frontal cortical neurona change thelr 

diacharge frequency prior to the slárt of locomotlon. Thls suggcsts ~ possible role of 

· 1 1h~ cortlces ln prcparatlon for movcment. Thc, obscrvod ef'fect of an lncrease in 

dlsel\ar¡e durlng the beginning of locomotlon cobld be a prolonged preparatory effect 

or could be related to the start of the locomollon program. 
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TWO EXAt'IPLES OF INTEGRATIVE PROCESSES1 <I> DIPOLE 
LOCALIZATIDN DURJNB HUMAN VISUAL SELECTIVE ATTENTlDN AND 
(ll) A MODEL OF POSSJBLE MECHANISMS OF RESPONSE SELtCTlON IN 
RATB 
Carlos a ómez. Opto. de Fisiología y Biología Animal, 
Sevilla, Spain. 

Individuals must finally integrate the neural 
activities and produce an unified behavior. Attention and 
goal directed behavior are two processes clearly related 
with th@ unifying of action. 

In the attentional paradigm the neural g~erat~s 
underlying the visual event related potemtials have b'een 

ínferred using voltage maps, current sourc:e density maps /,'and 
dipale locali2ation during a task that involved selective 
attention to specific location of the visual field. The 
dipole localization technique modelled the N70 component as 
a tang•ntial dipole situat~d contralateral to the $timuli in 
a lacation that could be ~oherent with the calcarine 
fissure. The subsequent compcnents were localized in ar~as 
that could be considered as e~traestriate (Jn collAboration 
with Steve Hillyard, Oepartment of N~uroscience, San Diego). 

In the r~sponse selection prócess a mathematical 
model of competition between neural nets is propos@d. The 
model propases that the neural network controlling the lever 
pres5ing response during variabte-intervat schedule9 of 

reinforcement should compete with all the other behavior
tontrolling networks. The network with the highest activity 
would be expressed as a behaviour by a winner-take all 
mechani9m. This theoretital mDdel fjt$ the interrespon9e 
time dtstrtbution9. 
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BEHAVIOR OF NEURAL ELEMENTS OF THE FIESPIRAIORY NETWORK 

DURING REFLEXES INVOLVING RESPIRATORY MUSCLES. 

lsurent Gr~lot, SMphane Milano, Fédérlco Portillo and Armsnd Louls Bianchi. 

Département de Physiologle et Neurophyaiologie, URA CNRS 205, Laboratolre de Neurobiologle de la 

Resplration, Faculté des Sclences et TechniQues de Saint JérOme, 13397 Marsellle cedex 13. 

The rhythmlc elterneting contractions of the diaphragm end abdominal 

muscles, the main respiretory muscles. induces eirflow within the lungs. However, these 

muscles elso appear es essentiel in the realization of common expulsiva behaviors such as 

coughing end vomiting . 

·; During vomiting, the alternating activetions of the insplratory phrenic (cervical rootlets, 

C4·C:p) and explratory abdominal (lumbar rootlets. L 1-L3) nerves, which innervate the 

diaphragm end the abdominal muscular wall respectively, ere converted into e serias of large 

co-activations elso observod on sorne of the upper airwey motor nerves. During these 

synchronous larga bursts, the inspiretory bulbospinal neuronas (IBSNs). which normally 

transmit the central respiratory drive '. .:> the phrenic motoneuronos, are strongly hyperpolarized 

by weves of chloride·dependent inhi:Jitory post-synepti~ potentials. These results might 

suggest that during vomltlng the respiratory central pattern generator (CPG) is inhibltad. 

However, the inspiretory interneurones. possibly involvod in the generation of the respiratory 

rhythm, exhibit a differont behavior which evolves in two stagos. First, throughout the eerly 

part of vomiting (e .g. the retching phasel. tholr membrt1ne potentials stay nearly constant 

indicating likely that these interneurones are disfacilitated, then. they exhibit a large 

depolarization during the expulslve phase. The latter observation suggest that sorne neurel 

elements of the respiratory CPG might be lnvolvw1 ;n the realization of a motor activity which 

cannot be developed simultaneously with braething . 

During coughing, the activity of the phrenic nerve Is also changad. The duration, tha 

rete of risa and the amplitude of the phrenic discharge, compared wlth that observad during 

breathing, are drastically lncreased. lntracellular recordings of IBSNs during coughing revealed 

that these premotoneurones are &trongly activeted snd exhibit a high frequency of discharge. 

Such en ectivation of IBSNs was also observad during the single e· rhythmic buccopharyngeal 

stages of swallowing induced by actlvation of the laf'yngeal afferents. The mechanical 

slgnificance of the latter behevior is still unknown. 

The question which arises from our results Is to determine if the neural elements of the 

re5plr~tory CPG whích are activated during a refl~~ ere reelly essential for its accomplishment 

or lf they follow passively the activation of anotl~ar CPG. This point is fundamental sínce the 

formar hypothesis implies that a single neurona of the mammalian CNS could belong to 

dlfferent networks and thus, serve to the realization of sevcral motor activities. 
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BEHAVIOR OF BRAIN STEM AND CEREBELLAR NUCLEI NEURONS DURING EYE 
RETRACTION IN THE ALERT CAT 
AGNES GRUART I MASSO 

The actlvity of identlfled accessory abducens motoneurons (Acc 
Abd Mns) and brain stem and cerebellar nuclei neurons were recordnd 
in the alert cat paradigm. Animals were implanted with scleral and 
palpebral stainless-steel coils. Eyelid and rotational and retrac
tional eye movements were recorded with the search-coil tecl1nique. 
Animals were aleo implanted with stimulating electrodeR on thB l.eft 
abducens nerve and in the levator palpebrae (LP) subdivision ot· the 
oculomotor complex. Recordings were carried out with glass micro
pipettea using a transcerebel.lar approach. Quantifiable stimuli of 
vestibul~r, visual, acoustic and trigeminal origin were applied and 
correla'ted to firing rate of recorded neurona. 

Main results were as follows: i) Acc Abd Mns fired a hjgh fre
quency burst during eye retraction, but show~d no noticiable activ
ity at the intervals; they were not activated from the LP el.ectro
de; ii) following cytotoxic destruction of lateral rectus muscle 
fibers and of the Abd Mns innervating them, putative Acc Abd Mns 
showed an increased firing rate during eye retraction and also the 
appearance of sorne tonic activity in absence of eye r·el;rocl;lon;iii) 
reticular neurons located around the Acc Abd area and below tl1e 
main Abd nucleus responded to air-puff stimulati ón and to one or 
more of the following stirnuli: vestibular rotation, optokinetic 
stirnulus and s ounds of severa! frequencies. Acoustic, trigeml11al or 
visual stimuli strongly blocked the neural response to any other 
stirnulus for 150-200 msec. Most of these neurons were antidromica
lly and/or synaptically acti vated frorn t he L~ electrode; ami iv) 
ne.urons located in the fastigial and in the medial part of U1e J 11-

terpositus nucleus also fi r ed in response to air-puff stimulation 
a~d/or to acoustic stirnuli. These cells were antidromically acti
vated frorn the LP electrode. Neurona descrlbed Jn ill) ~nd jv) 
could be related to U1e conditioning of L11c nictllut;Jng 11ie111li1 ·111w 

response. 
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NEURONES IN LAMINA 7 ANO 8 Of THE TURTLE SPINAL CORO: 
Ca ++ .. MEDIA YED PLA TEALI POTENTIALS. 

O. KJiERULFF ANO J, HOUNSGAARD, 
fnst. of Neurophysiol., Copenhagen, Denmark. 

liere we. identify a plateau generating subgroup of neuroncs in 

lamina 7 and 8 of the spinal cord. Jntracellular recordings in this 

region were carried out in an in vitro preparation of the lumbar 

enlargement of turtle spinal cord from a total ot i); neurones. 

1:3ased on the response pattern evol<ed by depolarizing current pulses 

these neurones were divided into two groups. 

In one group conslsting of ?') neurones, adoptation or steady firing 

was seen, together with a hyperpulariL.ation foÜowing the pulse. Pla

teau pute11liah wl!rn not seen in these cells. Among the 80 plateau 

generating neurones forming thc other group, sorne cclls fired with 

increasing frequency during the pulse, while a pl¡;i.tec.u potentíal was 

recruited in others before the onset oí steady firing. In more than 

half oí the plateau ge11t!rating cells the pulse was followed by a 

voltage sensitive a!terdepolarization. This afterdepolarization 

sometimes exceeóed spike threshold to sustain firing beyond the 

duration of the pulse. The plateau potential was insensitive to TTX · 

but blockcd by nifedipine and by Co ++. 

It is concluded that complex active membrane p_roperdeS-:Jls

represented by plateau potentials are found in many 'of thé · c~Jjs -

that, base~ on their location in the grey matter close to the . motor 
' . . 

nuclei, presurneably constitute an important pan of the . turtle 

spinaJ motor systern. 
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SYNAPTIC IlfFLUERCBS OP PYllAICID.AL MI> OORTICOSPlKAL ODLLAt"DAL8 
OVBR RKTICULOSPINAL ~s :Ill TBB Cll.T*. 

Joeé A. x.»mS and Antonio CAllBDO. - Department of Physiology, 
~aculty of Medicine, Santiago de Compostela, Spain. 

Data were obtained from 25 cat11 anaesthetized with a
chloraloee (60 mg/Kg, i.p), &rtificially respired, and paralyzed 
(Pavulon lrn9/Kg/h, i.v). Pyramidal (PTNs) and corticospinal 
(CSNs) neurona were extracellularly recordad within the 
intermedia te precruciate motor cortex and identified by 
stirnulation of the ipsilateral pyram).ds . (PT) , ventrally 
approached at mid-bulbar level, and the contralateral 
dorsolateral funicuJ.us (::>LF) at e,, level. The entire cerebellurn 
was suctioned to expose the !loor of the fourth ventriele, and 
rnicropipettes for intracellular recording of reticulospinal cells 
(ReSNs) were introduced into the nucleus reticular is 
9i9antocellularie ( nRG) contralaterally to the recording in the 
motor cortex. ReSNs were antidromioally identified by stimulating 
the ipsilateral ventromedial !uniculus at e~. In order to d•teot 
pyramidal and cortiooapinal collatarale to the nRC, a fine 
tunqsten microelectrode was introduced togather with the 
recording micropipette (tipa eeparation abo1.1t 300 µm). Whan a 

pyramidal or corticospinal call, spontaneously active, was 
isolated from the recordin9 in the cortex, atimulation of the 
contralateral nRG wae achieved to search for collateral branchee, 
A total of 56 pyramidal non-corticoepinal cella sent their axone 
to or ~hrough the nRG, which representad 21\ (56/268) of t&sted. 
A e.i.milar percentaqe of corticoepinal axone (29/136 or 21.3\ of 
teeted) sent branches to nRG. ln order to study the poatsynaptie 
effecta of both PTNe and CSNe on ReSNe, two procedures were 
followed and compared: a) electrical stimulation of both PT and 

DLF, and b) the r isin9 phaees of the spontaneous pyrarnidal and 
corticoepinal spikee were ueed to trigger an avera9er whose input 
was the intracellular: signal recorded in the nRG. COmparieon of 
resul.ts obtained using both methods demonstrated that while the 
total of corticoapinal collaterals detected (n•lO) produoed 
monoeynaptic excitatory potentials (EPSPe) upon retiouloapinal 
neurons, the pyramidal non-corticospinal cella elioited 
disynaptic (n~s) and monosynaptic (n=4) EPSPe. In no case did we 
find monoeynaptic inhibitory potentiale. 

* work supported by a grant from the DGIC~T (PBB9-0552). 
J.A.~arnas is a fellow of the FPI progrem (Spain). 
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l?LAS'l'IClTY OF THE GOLl..>FISH VES'l'!BULO-OCULJ\R REFLEX. furn~Lli.. 

~.t.Ql:. Lab. de N~urociencia. Dept. de Fisiologia y Biologia 
Animal. Universidad de Sevilla. '1012 Sevilla. Spain. 

The Vestibulo-Ocular reflex !VORl is subjectod to lonB
term plé.\st.i.c changes that can be induced by al tered vi suo
vestibular interactiona. Examination of the eye velocity 
profile in re5ponse to a step of head velocity reveals the 
presence of an early "dynamic" component followed by a 
"sustained" response. Modifications of the VOR gain (the eye 
to head velocity ratio) using velocity steps as the training 
paradigm produces robust changes in both phases of the step 
response that have differential sensitivities to 
cerebellect.omy. Thus, acute cerebellectomy after VOR 
modifications reveals that part of the dynamic responsei is 
retained whereas the sustained response returns close to the 
pretrained levels. Training aft.er long-term cerebellectorny 
shows that the dynamic response can no longer be modificd; but 
rnoderate changee can be observed in the suetained componont. 
'l'he shortest latency changes of the eye veloci ty prof ile in 
response to the step argues fbr a site of plasticity locatod 
in the vestibular nucleus that requires an intact cerebellar 
machinery to attain VOR modifications. 

In arder to .determine how activity in the vestibulo
cerebellum contributea to the adaptive prooess Pu:t·kinje cells 
were recorded during periods of VOR modification. The simple 
spike data revealed that Purkinje cells altered their response 
in parallel to the eye velocity changes. However, the simple 
spike sensitivity meaaured separately in relation to both head 
and eye movements did not changed for periods of. training up 

to 2"- hrs thc.it involved eye velocity changas of up to 6~ 0
/s. 

It is concluded that the cerebellum functions as a pnrallel 
pathway of the VOR that supports the eye velocity change, but 
the variable gain element is not the Purkinje cell 
postsynaptic membrana. 
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'SOMAESTHETlC PRo.mcnoN TO THE MOTOR CORTEX MEDIATED BY THE 

SPINOTHAIAMIC SYSTEM. J.L. RELOV A Departamen10 de Fisiología, Fa.cultad de 

Medicina, Universidad de Santi11go. 15705 Santfago de Compostcl11. Spaín. 

Tha motor cortex raceive short latency somaesthetic responses. As this projection 

constitute the afferent link of a perlpheral feedback onto the cells at the origin of the motor 

cortical efferent pathways which control the limb musculature, it might play an important 

functional role in continuosly updating the motor command, partlcularly during the 

performance of precise manipulatory movements. However. the ascending pathway involved 

in transmitting thP. sensory messages to the motor cortax has been a matter Of debate due to 

controversia! experiments, and it has still not been unanblgously identified. 

In a previous series of experiments using intracellular recording techniques using 

intracellular recording techniques it was shown that, after excluding al! the c/sssíc inputs to 

the motor cortox, tha cells at the origin of the corticospinal pathway coutd still be excited 

and/or inhibited by electrical or natural stimulation applied to the limbs. The motor cortical 

area was isolated from its cortico-cortical connections, the cerebellum was isolated also and, 

in additlon, a transverse section of the dorsal half of the spinai cord excluded the dorsal 

columns and the spinocervical tract. The only surviving pathway whlch could transmlt the 

sensory responses to the motor cortex was identilied as a component of the spinothalamlc 

system. 

The thalamic region of this pathway was delineated subsequently using 

electrophysiological methods involving field potenctial mappings of the antidromic 

responses alter motor cortex stimulation and postsynaptic responses atter stimulating the 

spinothalamic system ascending in the spinal cord. 

This particular somaesthetic pathway may be an essential part of the sensory-motor 

integration system . allowing a fast correction of the motor command durlng ongoing 

movements so as to precisely fil the physlcal and temporal characteristics of tlle 

environment. 
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MORPHOLOGICAL AND PHYSIOLOGICAL EFFECTS OF TARGET REMOVAL 
ON ADULT CAT ABDUCENS INTERNUCLEAR NEURONS 
Rosa M• Rodríguez de la Cruz, Laboratorio de Neurociencia, 
Facultad de Biología, Avda. Reina Mercedes, 6 , 410J2-
SevUla, Spaj n . 

The degree of dependence of adult central nervous 
system neurons on trophic retrograde influences was 
evaluated following specifl.c target removal. Abducens (ABD) 
nucleus internuclear neurons (Ints) represent a good model 
for such a purpose, as they innervate almost exclusively the 
medjal rectus (MR) motoneurons (Mns) · subdivision of the 
ooulomotor nucleus. MR Mns death was induced by means of a 
sjngle injection of Rjcinus communis agglutinin II into the 
MR muscle. This toxjc rkin produced a complete and specific 
Mn death wjthin 2 days, leaving ABD Int presynaptic axon 
terminals uninjured. Adult cats were prepared for chronic 
recording of extracellular single unit activity and eye 
movements. ABO Ints were identified following their 
antidromic activatjon from the contra.lateral medial 
longitudinal fasciculus. The electrical activity of ABD Ints 
following target removal showed several abnormalities and a 
significant reduction in their firing-related parameters, 
i .e., their sensitivities to eye position and eye velocity. 
However, after a critical period of abnormal behavior (15-
20 days), ABD Ints recovered their typical discharge pattern 
which continued normal up to 1 y~ar later. Morphological 
analysis of the ABO nucleus at different times following MR 
Mns lesjon showed no evjdence of either ABD Int loss or cell 
degeneration. The anterograde tracj.ng of biocytin has 
demonstrated that the axonal terminatjons of the ABD Ints 
remain in location up to l year followjng target remova~, 
with absence of sproutjng toward other subdivisions within 
the oculomotor nucleus. The labelling of the terminals 
at different survival times revealed a progressive reduction 
in the den si ty of boutons, which was espec:l.al ly low 1 year- . after 
target removal. It can be concluded that ABD Ints continue 
al:l ve and functionally aoti ve j n the absence of their target 
MR Mns. 
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PHYSIOLOGY ANO PHARMACOLOGY OF VESTIBULAR INPUTS TO IDENTIFIED 
ABOUCENS MOTONEURONS ANO INTERNUCLEAR NEURONS IN FROGS 

H. Straka and N. D1er1nger 
~bya1o1og1achae Inat1tut der Un1versitAt Manchen, 
Pettankoteretr. 12, eooo MUnchen 2 

Anatomy: The pr1nc1pal abdueena nucleus of froga eona;ta of about 
75 motoneurons (ABMOT) that projeet v1a N.VI to tha lateral 
reetua muaele. Follow;~g 1njact1on of HRP into the ooulomotor 
nuc1eua a aubpopulation of about 30-40 interneurons w1th1n tha 
pool of contralateral ABMOT was labelad retrogradely. Injection 
ot H1•1euc1ne 1nto the abducens nuc1eue resu1ted in anterograde 
1abe11n; of axon term1na1s w1th1n the contra1ateral oculomotor 
nucleua. Thua, theaa 1ntarneurone raprea~nt moet likely abducena 
1nternuc1ear neurons (ABINT) that project to tha contralatera1 
ocu1omotor nucleua. 

Phy1iglgqv ond Pharmocology: Synaptic v~stibulor 1nputs of ABMOT 
ahd ABINT were etud1ed 1n tha 1aolated brain following ant1drom1c 
1dentif1cat1on by electr1ca1 atimulat1on of the 1ps1lateral N.VI 
and of th• contralataral Ncl. III, reepect1ve1y. Conduction 
valoe1t1es of ABMOT ranged betwean 0.45 and 2.55 m/a (N = 48} and 
of ABINT batwean 1.45 and 2.2 m/s (N = 10). St1mulat1on of the 
eontra1ateral N. VIII evoKed d1aynapt1e EPSPa 1n ABMOT (N • 41) 
and ABINT (N = 10). The times to peak wara very s1m11ar 1n both 
groupa of neurons (ABMOT: 5 .48 ma ± 3.10; ABINT: 5.99 ms ± 2.98). 

St1mulat1on of the ipsilateral N. VIII evoked disynaptic IPSPs 1n 
moat Of the ABMOT (N = 36 out of 41) and 1n a11 ABINT (N = 10). 
Riee times of IPSPs were very similar again (ABMOT: 6.83 ms ± 
3.20; ABINT: 6.26 ms ± 1.59). Theee IPSPs were blocked by the 
add1t1on of 50 µM strychnine to the bath (N = 8). Th1s effect was 
ravere1b1e as ev1denced by a partial recovery of IPSPa subaequent 
to the washout of etrychn1ne. Bath app11cat1on of the GABA 
antagon1st p1crotoxin (100 µM) had no significant effect on tnesa 
IPSPs (N = 5), euggeating that they were madiated by a g1ye1ner
gic compound. Ongoing experiments ind1cote that the EPSPs are 
med1ated by a glutamaterg1c compound. 

In few ABMOT (N : 5) stimulation of the 1ps11atera1 N. VIII 
evoked diaynapt1c EPSPs instead of IPSPs with times to peak (S.44 
ms: 0.57) s1m11ar to those evoked by st1mulat1on of the contra-
1atera1 N, VIII. These 1ps1lateral EPSPe ara unlikely to repre
sent reversed IPSPs, s1nce their reversal potential is at about O 
mv (N =2) and their amplitude ia atrychnine 1nsens1t1ve (N = 1), 

In yiyQ, abducena motoneurons can be activated by horizontal 
•ngular aa we11 as by horizontal linear acceler•tion. Thie 
~xc~tat1on or1g1natea in botb cas~a ' in the controlateral laby
rinth, 1.e. in hair ce11s of the ~orizontal canal and of the 
macula utriculi 1 as evidenced by record1ngs 1n hem11abyrinthecto
m1zed froga. The uncrossed excitat1on might originata 1n the 
1~e1lateral macula utricu11. Ita funct1onal role for th• linear 
veetibulo-ocular reflex is unclear at present. 
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MEMBRANE AND FIRING PROPERTIES OF NEONATAL AND ADULT RAT BRAINSfEM 
MOTONEURONS. Félix Vlana, Douglas E. Bay!iss and A.J. Berger. Department of Physiology & 

Biophysics, Unlverslty of Washington School of Medicine, Scattle, WA 98195. 

The firing behavior ofmammallan motoneurons results from the interplay between synaplic 
inputs and intrinsic electrical properties detined by various ionic conductances. Slnce geoeration of 
tension by muscle fibers is determlned by the pauern and frequency of dischargc of innervating 
motoneurons, a detailed knowled¡e of the ionic basis of repetitlve flring is a necessary step in 
understanding the neural basis of movement (i.e. bchavlor). We chose to approach this problem from a 
developmental perspectlve, by characterlzlng the changes that occur in the firing behavior of 
motoneurons during maturation ofthe neuromuscular system . 

.We used a brainstem slice prepardtion to record intracellularly from rat hypoglossal 
motoneurons (HMs) during different stages ofpostnatal development (PO to P12 and adult). These 
motoneurons innervate the muscles of the ton¡ue. HMs were ldentified by their location and/or by 
antidromic stlmulation. Sorne motoneurons werc also labclcd lntracellularly with biocytln. Compared 
to adull, neonatal HMs were characterized by lower rheobase curren!, lower input conductance and a 
more linear current-voltage relatlonship. Thc incrcasc in the time and voltage-dependent sa~ 
(anomalous rcctification) in adult HMs was associatcd with thc dcvelopment of an inward current that 
resembled the h curren! in other neurons (i.e. slow activation with hyperpolarization, absence of 
inactivation, block by extracellular es+ and unaffected by Ba2+). 

At the earliest age studied (-12 hours postnatal) HMs were already capable of firing repetitively 
in response to current lnjection. Firing was blockcd by appllcation of thc sodium channel blocker TTX. 
The leve! of holding potential greatly influenced the firing behavior of neonatal HMs. From a 
depolarized potential the response to a positive curren! pulse was characterized by steady tonic firiog. A 
negative prepulse modified the pattcrn to an early burst of action potentials ridin¡ on a slow 
depolarization, followed by steady repetitive firing. The amplitude of the slow depolarizing envelope 
was dependen! on the duration and amplitude of the negative prepulse, insensitive to TTX and blocked 
by zero Ca2+, suggesting that a low-thrcshold Ca2+ conductance contributed to burst behavior in 
neonatal HMs. Such bursting was not observed in adult HMs. 

The action potential of HMs was followed by an afterdepolarization (ADP) and a two phase 
afterhyperpolarization (AHP). After repctltlve firing a third, slower time course AHP was sometí mes 
observed. The ADP was specially prominent in young motoneurons. This ADP was voltage-dependent, 
incrcasing from negative holding potentials. lt was reduced in zero eaz+ and enhanced by high Ca2+ 
and by Ba2+. Bath application ofTEA (1to10 mM) caused a dose-dependent prolongation ofthe 
action potential anda blockade of thc fas! AHP. The medium AHP was calcium dependen!; it was 
reduced In zero eaz+ and blocked by apamin, w-conotoxin and Ba2+. The duration of the mAHP 
decreased from more than 100 ms in the neonate to about 75 ms in adult HMs. The contribution of the 
mAHP to slow repetltive flrlng was also lnvestigated. Blockers of the mAHP caused a strong lncrease 
In peak firing frequency and In the slope of the f-1 relationshlp at steady state. 

Calclum currents in neonatal HMs were characterized uslng whole-cell patch-clamp recordings 
in thin medullary slices. Calcium currents were isolated using a combination ofpotassium and sodium 
channel blockers. Depolarizing steps from about -100 m V evoked a transient, low-voltage activated 
(LVA) calcium curren!. The LVA calcium curren! inactivated fully at holding potentials positive to -60 
mV. This curren! was selectively attenuated by lmM .amiloride. S•ronger depolarizations evoked a 
Jarger calcium curren! (HV A). The HVA calcium current had both inactivating and non-inactivating 
components. A fraction of this HV A current was sensitive to 1 µM w-conotoxin. 

In conclusion, we repon alterations in the subthreshold and firing behavlor of rat HMs during 
postnatal development. These changes are likely dueto modifications in the exprcssion and/or 
characteristlcs of severa) ionic conductances in HMs wlth age, and serve to match the firing frequency 
of the motoneurons with the mechanical properties of the developing muscle . 
(Supported by NS 14857) 
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ORGANIZATION AND SYNAPTIC CONNECTIONS OF PREMOTOR NEURONES 
REIA 1ED TO VERTICAL SACCADIC EYE MOVEMENTS IN THE CAT. Shwu-Fen Wangand 
Robert F. Spencer, Department of Anatomy, Medica! College of Virginia, Richmond VA 23220, 
U.S.A. 

Premotor neurones that control different types of eye movements ( saccadic, vestibulo-ocular, 
optokinetic, smooth pursuit, and vergence) differ on the basis of brainstem location and involvement 
in horizontal versus vertical movements. Morphological, physiological, and clinicopathologic studies 
have established that the rostral interstitial nucleus of the medial longitudinal fasciculus (riMLF) 
is the Iocation of premotor neurones that control vertical upward and downward saocadic eye 
movements. Toward the goal of delineating an intrinsic organization of neurones in the riMLF, 
microinjections of biocytin have been made in different regions of this nucleus and the soma
dendritic distribution oflabelled synaptic endlngs In relatíon to verticalupwanl [superior rectus (SR) 
and inferior oblique (10)] and dównward [inferior rectus (IR) and superior oblique (SO)] 
motoneurones in the oculomotor and trochlear nuclei has been examined by light and electron 
microscopy. Injections confined to rostral regions of the riMLF label synaptic endings that target 
predominantly IR and SO motoneurones. By contrast, injections confined to caudal regions of the 
riMLF label synaptic endings that target predominantly SR a11d IO motoneurones. Projections to 
SO motoneurones are predominantly ipsilateral, while those to IR and SR moton.eurones are 
bilateral. In all cases, two populations of synaptic endings are labelled: presumed inhibitory synaptic 
endings that contain pleiomorphic synaptic vesicles and establish symmetrical synaptic contacts, and 
presumed excltatory synaptic endings that contaln spheroidal synaptic vesicles and establish 
asymmetric synaptic contacts. Both populations of synaptic endings overlap in the same 
motoneurones subgroups. The mode, pattern, and soma-dendritic distribution of riMLF synaptic 
inputs to vertical motoneurones differ from those previously established for the inhibitory and 
excitatory second-order vestibular inputs. Furthermore, the organization of riMLF projections to 
vertical motoneurones differs from the characteristic redprocal inhibitory and excitatory synaptic 
connections in the vertical vestibular or horizontal eye movement system. 
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A RELATIONSHIP BETWEEH OLIVO-CEREBELLAR ACTIVITY AND SKILLED KOVEMENT AS 
REVEALED BY HULTI-BLECTRODE RBCORDIHG O~ PURJtIHJB CBLLS IH THE AWAltB RAT. 
John P. Welsh, Izumi Sugihara, Eric J. Lang, & Rodolfo R. LlinAs 
Oept. of Phyaiology & Biophyaica, New York Univ. Medical Cantar, New York, NY USA. 

It is generally agreed that the interior olive play• a fundamental role in •ome a•pect 
of motor function, even though the precise natura of that role ia unraaolvad. Although 
"motor control" can be generally conceived to be a continuoua function, aaaential at 
all times for all movamenta, many hypothesea anviaion the function of tha inferior 
oliva to be diacontinuoua, arising only aftar particular aenaory avants or during motor 
learning. Another hypotheaia i• that the inferior olive ha• a continuou• role in the 
control of movament that deriva• from ita perBiatently rhythmic activity and direct 
accesa to motor ayatams through the carebellwn (Llinla, 1970). Spacifically, it has 
been hypotheaized that the inferior olive servas as a clocking alament that 
continuously modulatea motoneurons so that muacla groupa can be recruitad quickly and 
synchronously any time that bahavior i• requirad. In ordar to test thia hypotheaia, 
new paradigma and modificationa of the multiple alectroda racording tachniqua (Sasaki 
et al, 1989) were davaloped to permit tha racording of complax apikea in arraye of 
Purkinje cella in rata while they parformed highly skilled movements of tha tengue. 

Rata were trainad to protrude their tonguea 7 nvn in response to a 750-ms, 2-kHz tone 
in order to recaive 40 µl ot water. Training was accompliahed with a procedura that 

.employad 6 daya of autoshaping and up to 70 daya of oparant conditioning. Increasing 
lengths of tongua protruaion wera ahaped by auccesaive approximation during the operant 
phase. Mouth opening and tongua protrusion occurred in a highly coordinated, 
stereotypic, and repetitiva fashion following tona onaat, with both movements 
demonstrating robust 6-7 Hz rhythm• that peraisted for up to 1500 me after the first 
mouth opening. eomplex spikas (CSs) within careballar folium Crua IIa were recordad 
extracellularly wit h glase microalectrodes from rata preparad for the aimultaneoua 
recording of up to 45 Purkinje calle ovar a 2 mmZ surfaca of tha cortex. 

In 2 rata trained to protruda their tonguea in response to the tone there was a 
dramatic increaae in tha probability of esa occurring after the tone and before the 
movement. Tha average probability of any Purkinja cell firing a es 30-80 ms after tone 
onset was 13\ for tha trained rata and 4\ for a naive control rat. Sumrning acrosa all 
of the triala, 3 different frequenciea of es activity (range 6-11 Hz) occurred in 
diatinct populationa of Purkinje cella following the i nitial occurre nce of esa after 
the tone. Tha reaonant fraquenciaa of thaae 3 populations of cella were partially 
coherent, the superpoaition of which indicated a rhythmic 6.5 Hz activity in the 
ensemble. Thia ensemble rhythrn waa highly correlated to (r=0 . 67) and maintained a 
conetant phase relationship with repetitiva tengue protrusione auch that es probability 
increased 10-30 ms after the tongue reachad the target. The activity was not 
necessarily the consequence of contacting the target becauae oacillatory activity of 
the ensemble continuad to occur for up to 700 me after the final contact. 

Theae resulta support the hypotheaia that the inferior olive operates continuously 
and in real-time in order to ensure the proper coordination of movement . We propose 
that olivary rhythmicity ia reaet by descending premotor ayetema prior to skilled 
movemant and that, followln9 roaottln9, mubpopulationa of olivacy noucona wlth 
different resonant frequenciea oscillate in a partially coherent manner so as to confer 
upon ensemble& of Purkinje calle a rhythmic output that complemente the demande of the 
motor taak. 

Llinle, R. (1970). Neuronal operatione in cerebellar transactione. In1 The 
Neurosciences, Second Study Program, pp. 409-426. 
Sasaki, K., Bower, J.M. & Llinla, R. (1969). Multiple purkinje ce _l recording in rodent 
cerebellar cortex. Eur J Neurosci, 1, 572-566. 
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The Juan March Foundation meeting on the neural control 
of movement in vertebra tes lived up to expectation ! Hardly a 
channel, voltage or ligand, was mentioned throughout the three 
days and nearly all the discussion centered around thc neuronal 
processing of sensory-motor information. A different central 
theme was addressed on each day of the meeting and the speakers 
blended their particular experimental insights into a colligative 
tutorial agenda. 

Clearly oscillatory pacemaker activity and stimulus 
coding characterized the firts day. In the very firts 
invertebrate presentation, Bufio reviewed the central 
afferent /efferent control of a beautiful, segmentally organized 
motoneuronal pool in which inhibitory fiber frequency enhances 
position detection by regulating stretch receptor set-point. In 
essence, long before the appearance of real vertebrates, all the 
necessary ionic conductances were present and they were nicely 
packaged within the appropriate synaptic circuitry. Bass 
distinguished between the phylogenetic and ontogenetic traits 
that underlie vertebrate rhythmic behavior. At issue was how the 
CNS might be put together from the genetic vs epigenetic 
construct . The viewpoint that small changes in the timing of 
constant genetic events could produce even larger changes in 
behavior was put forward and defended well. 

The above evolutionary points were placed into context 
by Grillner who schematized the circuitry underlying lamprey 
locomotion. Adding in the intrinsic membrane properties led to 
an unavoidable contemplation of central pattern generation. 
Subsequent discussion generated the opinion that 'it (the CPG) 
exists beca use i t muse· and conc luded wi th "should i t be of 
concern at the moment". According to Burke, both the analys is and 
circuitry in the mammalian spinal cord is the same after 40 
years; however, neuronal processing is being viewed quite 
differently these days. More credence is now given to the 
ubiquitous role of the 'interneuron' as the significant player. 
The central pattern generator still appeared ephemeral in the 
ensuing discussion. 

When the disciplinary topic moved to the vestibulo
oculomotor system it became apparent that all of the neurons 
necessary for eye movements have been recorded, anályzed and 
shelved (Delgado-García and Highstein). By use of classical 
techniques, Cheron placed particular oculomotro behaviors into 
di"fferent brain areas. For all three advocates, the assumption 
was explicit that some intrinsic order exists to perform precise 
eye movement. In the discussion, each attempted to generate the 
most efficient construct of circuitry and intrinsic properties 
to explain eye movement; however, nature, quite resolutely, has 
not yet chosen to reveal any sifnificant principle of design. Did 
the difficulty experimenta obtain too simple answers? Or the 
reverse? The portent of this uncertainty anticipated the second 
day. 
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The neural basis for orienting movements and adaptivo 

mechanisms was thoroughly reviewed by Berthoz, Shinoda and 
Guitton. Clearly at issue from the outset was the concept of 
'multiple' neuronal compartments and axon collaterals at 
different hindbrain and spinal levels. Actually each of these 
speakers, in their own context, elaborated on the precise 
organization of networks without much concern as to either 
genetic or epigenetic organization. For example, to demonstrate 
how the superior colliculus might provide the brainstem with a 
signa! specifying only the vector of a gaze movement, Guitton 
delineated a replicating pattern of tectal and hindbrain neuronal 
elements. Berthoz corroborated this plan and illustrated a 
computation loop within the colliculus to produce gaze shifts. 
Shinoda elaborated on the topic of neuronal targeting wi thin 
multiple compartments, but also did not pursue any causal 
rationale. Although most of these interpretations were found 
tobe, in general, pausible, at issue was how to further 
understand the structural/functional organization of gaze-related 
neurons, given the limit of current experimental tools? This 
point was particulary salient after Bianchi's description of the 
rhythmical 'gaze/burst-like' discharge properties for respiratory 
neurons. The generation and control of respiratory movement was 
portrayed to be largely the result of distributed properties that 
convert tonic drives into oscillation. Comparisons between 
brainstem motor systems (respiration, eye, head, vibrissae and 
locomotion) were extensively debated and few discussants agreed 
on which system exhibited the most robust compartmental 
organization in the vertebrate hindbrain. 

Late in the afternoon, Bloedel and Rubia addressed the 
timely, and controversia!, question of how the cerebellum 
opera tes and whether it might participa te in learning. The 
demonstration of the point-to-point climbing fiber projections 
onto Purkinje cells overlain by the fractured mossy fiber 
somatotopy was, as usual, memorable. The necess i ty for such 
somatotopy to co-ordinate transformations from the sensory to the 
motor motric was argued well, but closure has not yet been 
reached. The discussion centered on the apparent (in fact, real) 
multiple zonal organization underlying the structural 
heterogeneity of the cerebellum. This overcomplete desing was 
proposed to reflect either new or branching zonal compartments 
that are manifestations of phylogeny. Al though i t was argued that 
cerebellar circuitry shows little evolutionary change, the point 
had little bearing on whether the cerebellum could learn. Both 
speakers stressed the real time characterization of sensory 
inputs and agreed to the absence of cerebellar memory traces (no 
LTP, LTD, ITO, etc.). Climbing fiber afferents to the cerebellum 
were envisioned to represent a geometry predicting the context 
of movement as opposed to the detection of features. If such CF 
signals accompany all events, the what might be then interaction 
with the Purkinje cells, and for what purpose? The subsequent 
discussion closely paralleled, and occasionally, challenged the 
presenters biases. In the end, the means by which the cerebellum 
actually regulates sensory/motor metrics again proved elusive. 
Certainly the third day would be decisíve . 

From the outset, the three types of thalamic 
oscillations observed during the behavioral states of alertness 
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and quiet sleep were at the forefront of the discussion. 
Steriade • s evidence for spindling to originate from reticular 
thalamic neurons was presented as overwhelming, but at issue was 
the autonomy of the trait and its suffciency to deactivate the 
cortex. Later, Acufta expounded on the role of the pulvinar in 
execution tasks and the clear pan-directionali ty of neuronal 
responses begged the question of "who drives who"; nevertheless, 
Steriade's scheme remained clear. Subsequent focus was on the 
delta waves, conceived of as the putative interplay between, 
largely, only two currents. Cortical-thalamic pathways were 
proposed to synchronize the thalamic slow waves and brachial 
meso-pontine multisensory inputs to block the slow oscillation. 
The overiding message was - 'inhibition is essential' for all 
thalamic behaviors. Discussion arose as to the nature of sleep 
and extended from roles in consolidating memories to include 
whether the behavior itself might have been an inopportune 
selection (not just a waste of time!) . The identification of 
neuronal response types vis a vis afferent/ef ferent projections 
to delineate putative non-specific activity was debated, and of 
course, so also, was the specious attributes of interpretations 
from single species. Many noted that all the preceding excellent 
caveats are extensively and frequently used in the study of gaze. 
Any lingering physiological impressions where diluted by Mora's 
enumeration of transmitter candidates in the basal ganglia . 
Characterization of biochemical machinery is rendered best in 
cartoon fashion, and this reductionist approach was favored by 
everyone. Neurochemists are acutely aware that many more neuronal 
phenotypes exist in the brain than any physiologist would admit 
to (at this meeting). Excitatory amino acid release patterns were 
thought to be intriguing, albeit unexplainable, within the 
context of behavior. No one, at least at the moment, quest i oned 
this contention. 

The concluding set of speakers reminded everyone that 
the cerebral cortex may be coincident with the final motor 
command site (?). Strick pointed out that the pre- motpr cortex 
is composed of multiple, spatially separate, pre-motpr areas that 
may, or may not, exhibit similar behavior. Fetz's videotape, 
showing synchronous activation of large populations of neuorns 
exhibiting oscillatory activity at 25-35 Hz, suggested, but did 
not prove, that such multiple areas may be coherent in their 
read-out. At least, the rhythmical activity (a resonance?) may 
be combinatorial in the sense that each area alone may be 
necessary, but not sufficient for a particular sensory-motor 
behavior. How migth space be represented, abstractly ·or 
absolutely? Caminiti argued for a body-centered co-ordinate 
hypothesis (ie. shoulder for arm/hand motion) in which cortical 
cells predict movement directions. Collectively, these neurons 
are Carlesian in reference frame, but not easily correlated to 
either body or space. The nature of extrinsic/intrinsic reference 
frames generated a lengthy, vociferous discussion that even 
included the world of art, but at least in the latter case, 
opinions were unanimous - the 'eye of the artist' prevails! 

In sumary, all 20 pre.sentations at this 
focussed in common on the structure/function specifity 
neuronal types based on ttiéir intrinsic pt'operties and 
profile in defined synaptic circuits. Quite possibly, 
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exception of the thalamus, the meeting's conclusions were 
dominated by the idea of hierarchic, multiple representations -
especially in respect to axonal targets, neuronal phenotypes and 
the compartmental organization of circuits. The final speaker 
alluded to such 'iterative components' as phylogentic endpoints 
that clearly were of natures desing, but certainly arrived at in 
clear disregard to any efficiency of neuronal construct (ie. the 
result of ratcheting neurons into behavior). Dissimilarities 
between compartments represent developmentally-sculpted remnants 
of that species mutational history. This outcome is exactly that 
expected frorn the separate embryological origin of tissues 
wherein neuronal phenotypes, museles and their unique geometrical 
representations are all independently derived. What does all of 
this mean? Don't ever think about replaying the master tape 
leading to the generation of vertebrate diversity! 
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- Karolinska Institutet, The Nobel 
Institute for Neurophysiology, 
Solnavavagen 1 Box 60400, 
S-104 01 Stockholm (Sweden) 
Tel.: 46 8 728 69 00 
Fax: 46 8 34 ' 95 44 

- Neurophyisiology Department, 
Room 769, Montreal Neurological 
Institute,3801 Chliversity street, 
Montreal, Québec H3A 2B4 (Canada J. 
Tel.: 514 398 1954 
Fax : 514 398 8540 or 

514 398 8106 
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S.M. Highstein 

F. Mora 

F. J. Rubia Vil a 

Y. Shinoda 

M. Steriade 

P.L. Strick 
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- Department of Otolaryngology-Head 
and Neck SUrgery, Washington Uni -
versity School of Medicine, 
517 South Euclid Avenue, Box 8115 
St. Louis, MO. 63110 (USA). 
Tel.: 314 362 1012 
Fax : 314 362 5872 

- Departamento de Fisiología Humana 
Facultad de Medicina, Universidad 
C001plutense, Ciudad Universitaria 
28040 Madrid (Spain). 
Tel . : 34 1 394 14 37 

- Departamento de Fisiología Humana 
Facultad de Medicina, Universidad 
Canplutense, Ciudad Universitaria 
28040 Madrid (Spain). 
Tel.: 34 l 582 14 22 

- Department of Physiology, School 
of Medicine, Tokio Medical and 
Dental University, 1-5-45 Yushima 
1-Chome, Bunkyo-Ku, Tokio 
(Japan). 
Tel . : 81 3 3813 - 6111 
Fax : 81 3 5689 - 0639 

- Département de Physiologie, 
Faculté de Medecine, Université 
Laval, Cité Universitaire, 
Québec lQE, Ganada GlK 7P4. 
Fax : 418 656 - 7898 

- Department of Veterans Affairs 
Medical Center, 800 Irving Avenue 
Syracuse, New York 13210 (USA) . 
Tel.: 315 423 5125 
Fax : 315 423 5729 
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Workshop on 
NEURAL CONTROL OF MOVEMENT IN VERTEBRATES 

A. Araque 

M.V. Bartolomé 

J. Bustamante 

J.M . Criado 

M. Escudero 

I . Expósito 

W.H. Fischer 

A. J. de la Fuente 

List of Participants 

- Instituto Cajal, C.S.I.C. 
Avda. Dr. Arce, 37, 28002 Madrid 
(SpainJ 
Tel.: 34 1 585 41 50 
Fax : 34 1 585 41 54 

- C/ Tembleque, 84 - 69 - C 
28024 Madrid (SpainJ 
Tel.: 34 1 718 29 39 

- Departamento de Fisiología, Fa
cultad de Medicina, Universidad 
Complutense, Ciudad Universita
ria, 28040 Madrid (Spain). 
Tel.: 34 1 394 14 27 
Fax : 34 1 549 56 82 

- Department of Physiology, School 
Medical Sciences, University of 
Bristol, University Walk, 
Bristol BS8 lTD (U.K.) 
Tel.: 272 30 34 65 
Fax : 272 30 34 97 

- Departamento de Fisiología y Bio
logía Animal, Lab. de Neurocien
cia, Universidad de Sevilla, 
Avda. Reina Mercedes, 6, 
41012 Sevilla (Spain). 
Tel.: 34 54 61 21 01 
Fax : 34 54 23 34 80 

- Departamento de Fisiología, Fa
cultad de Medicina, Universidad 
Complutense, Ciudad Universita
ria, 28040 Madrid (SpainJ. 
Tel.: 34 1 394 14 27 
Fax : 34 1 549 56 82 

- Institute of Physiology of the 
University ofMunich, Pettenkofer 
Str .12, W-8000 München2, (Germany J 
Tel.: 49 89 59 96 209 
Fax : 49 89 59 96 216 

- Departamento de Fisiología y Far
macología, Facultad de Medicina 
Universidad de Salamanca, Avda. 
Campo Charro, s/n9. 37007 Sala
manca (Spain). 
Tel.: 34 23 29 45 44 
Fax : 34 23 29 45 10 
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C. Gómez 

L. Grélot 

A. Gruart i Massó 

o. Kjaerulff 

J . A. Lamas 

E. Lang 

A.M. Pastor 
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- Departamento de Fisiología y 
Biología Animal, Laboratorio de 
Psicobiología, Facultad de 
Fisiología y Biología Animal, 
Avda. Francisco Javier, b/nR 
41005 Sevilla {Spain). 
Fax : 34 54 55 76 66 

- Département de Physiologie et 
Neurophysiologie, URA CNRS 
205, Laboratoire de Neurobiologie 
de la Respiration, Faculté des 
Sciences et Techniques Saint 
Jérome, Case 351-352, Av. 
Escadrille Normandie-Niemen 
13397 Marseille Cedex 13 
{France). 
Tel.: 91 28 84 52 
Fax : 91 28 80 30 

- Departamento de Fisiología y Bio
logía Animal, Laboratorio de Neu
rociencia, Facultad de Biología 
Avda. Reina Mercedes, 6, 
41012 Sevilla {Spain). 
Tel.: 34 54 61 70 11 
Fax : 34 54 23 34 80 

- Kobenhavns Universitet, Panum 
Instituttet, Neurofysiologisk 
Institut, Blegdamsvej 3 C, 
DK-2200 Kobenhavn N. {Danmark). 
Tel.: 31 35 79 00 
Fax : 31 35 55 26 

- Departamento de Fisiología, 
Facultad de Medicina, Univer
sidad de Santiago, 15705 San
tiago de Compostela {Spain). 
Tel.: 34 81 58 26 58 
Fax : 34 81 57 41 45 

- Department of Physiology and 
Biophysics, New York University 
Medical Center, 550 First Avenue 
New York, N.Y. 10016 {USA). 
Tel.: 212 340 54 10 
Fax : 212 689 90 60 

- Departamento de Fisiología y Bio
logía Animal, Laboratorio de Ne u
rociencia, Facultad de Biología 
Universidad de Sevilla, Avda . 
Reina Mercedes, 6, 41012 Sevi
lla {Spain). 
Tel.: 34 54 61 70 11 
Fax : 34 54 23 34 80 
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J.L. Relova 

R . M. Rodríguez de la Cruz 

;H. Straka 

F. Viana 

S.F. Wang 

J.P.Welsh 

93 

- Departamento de Fisiología. -
Facultad de Medicina, Universidad 
de Santiago, 15705 Santiago de 
Compostela, La Coruña (Spain). 
Tel.: 34 81 58 26 58 
Fax : 34 81 57 41 45 

- Departamento de Fisiología y Bio
logía Animal, Laboratorio de Neu
rociencia, Facultad de Biología 
Universidad de Sevilla, Avda. 
Reina Mercedes, 6, 41012 Sevi
lla (Spain). 
Tel. : 34 54 61 . 70 ll 
Fax : 34 54 23 34 80 

- Institute of Physiology, Uni
versity of Munich, 
Pettenkoferstrasse 12, 
D-8000 München 2 (Germany) 
Tel.: 089 59 96 209 
Fax : 089 59 96 216 

- Department of Physiology & 
Biophysics SJ-4·0, 
University of Washington, 
School of Medicine, 
Seattle, WA. 98195 (USA) 
Tel.: 206 543 09 50 
Fax : 206 685 06 19 

- Department of Anatomy, Medical 
College of Virginia, Virginia 
Commonwealth University, 
1101 East Marshall Street, 
P. O. Box 709, 
Richmond, VA. 23298-0709 
(USA). 
Tel.: 804 786 95 04 
Fax : 804 371 62 93 

- Department of Physiology & 
Biophysics. New York University 
Medical Center. School of Medici
ne. 550 Firts Avenue. New York, 
N.Y. 10016 (USA). 
Tel.: 212 263 - 5410 
Fax: 212 689 · - 9060 
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Fundación Juan March 
SERIE UNIVERSITARIA 

PUBLISHED TEXTS Green Series 

(Mathematics, Physics, Chemistry, Biology, Medicine) 

2 Mulet, A: 
Estudio del control y regulación, me
diante un calculador numérico, de una 
operación de rectificación discontinua. 

4 Santiuste, J. M. : 
Combustión de compuestos oxigena
dos. 

5 Vicent López, J . L.: 
Películas ferromagnéticas a baja .tem
peratura. 

7 Salvá Lacombe, J . A. : 
Mantenimiento del hígado dador in vi
tro en cirugía experimental. 

8 Plá Carrera, J .: 
Estructuras algebraicas de los siste
mas lógicos deductivos. 

11 Drake Moyana, J. M.: 
Simulación electrónica del aparato 
vestibular. 

19 Purroy Unanua, A.: 
Estudios sobre la hormona Natriuréti
ca. 

20 Serrano Malina, J. S.: 
Análisis de acciones miocárdicas de 
bloqueantes Beta-adrenérgicos. 

22 Pascual Acosta, A. : 
Algunos tópicos sobre teoría de la in
formación. 

25 1 Semana de Biologia: 
Neurobiología. 

26 1 Semana de Biología: 
Genética. 

27 1 Semana de Biolog ia: 
Genética. 

28 Zugastí Arbizu, V. : 
Analizador diferencial digital para con
trol en tiempo real. 

29 Alar J . A. : 
Transt&rencias de carga en aleaciones 
binarias. 

30 Sebastián Franco, J . L. : 
Estabilidad de osciladores no sinusoi
dales en el rango de microondas. 

39 Blasco Oleína, J . L. : 
Compacidad numerable y pseudocom
pacidad del producto de dos espacios 
topológicos. 

44 Sánchez Rodríguez, L.: 
Estudio de mutantes de saccharomy
ces cerevisiae. 

45 Acha Catalina, J. l.: 
Sistema automático para la explora
ción del campo visual. 

47 García-Sancho Martín, F. J.: 
Uso del ácido salicílico para la medida 
del pH intracelular. 

48 García García, A.: 
Relación entre iones calcio, fármacos 
ionóforos y liberación de noradrena
lina. 

49 Trillas, E. y Alsina, C.: 
Introducción a los espacios métricos 
generalizados. 

50 Pando Ramos, E.: 
Síntesis de antibióticos aminoglicosí
dicos modificados. 

51 Orozco, F. y López-Fanjul, C. : 
Utilización óptima de las diferencias 
genéticas entre razas en la mejora. 
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52 Gallego Fernández, A.: 
Adaptación visual. 

55 Castellet Solanas, M.: 
Una contribución al estudio de las teo
rías de cohomología generalizadas. 

56 Sánchez Lazo, P. : 
Fructosa 1,6 bisfosfatasa de hígado de 
conejo: modificación por proteasas li
sosomales. 

57 Carrasco Llamas, L.: 
Estudio sobre la expresión genética de 
virus animales. 

59 Alfonso Rodríguez, C. N.: 
Efectos magneto-ópticos de simetría 
par en metales ferromagnéticos. 

63 Vidal Costa, F.: 
A la escucha de los sonidos cerca de 
T). en el 4He líquido. 

65 Andréu Morales, J. M. : 
Una proteína asociada a membrana y 
sus subunidades. 

66 Blázquez Fernández, E.: 
Desarrollo ontogénico de los recepto
res de membrana para insulina y glu
cagón. 

69 Vallejo Vicente, M.: 
Razas vacunas autóctonas en vías de 
ex1inción. 

76 Martín Pérez, R. C. : 
Estudio de la susceptibilidad magne
toeléctrica en el Cr20

3 
policristalino. 

80 Guerra Suárez, M.ª D. : 
Reacción de amidas con compuestos 
organoalumínicos. 

82 Lamas de León, L. : 
Mecanismo de las reacciones de ioda
ción y acoplamiento en el tiroides. 

84 Repollés Moliner, J.: 
Nitrosación de aminas secundarias 
como factor de carcinogénesis am
biental. 

86 11 Semana de Biología: 
Flora y fauna acuáticas. 

87 11 Semana de Biología: 
Botánica. 

88 11 Semana de Biología: 
Zoología. 

89 11 Semana de Biologia: 
Zoología. 

91 Viétez Martín, J. M.: 
Ecología comparada de dos playas de 
las Rías de Pontevedra y Vigo. 

92 Cortijo Mérida, M. y Garcia Blanco, F.: 
Estudios estructurales de la glucógeno 
fosforilasa b. 

93 Aguilar Benítez de Lugo, E.: 
Regulación de la secreción de LH y 
prolactina en cuadros anovulatorios 
experimentales. 

95 Bueno de las Heras, J. L. : 
Empleo de polielectrolitos para la flo
culación de suspensiones de partícu
las de carbón. 

96 Núñez Alvarez, C. y Ballester Pérez, A.: 
Lixiviacióh del cinabrio mediante el 
empleo de agentes complejantes. 

101 Fernández de Heredia, C.: 
Regulación de la expresión genética a 
nivel de transcripción durante la dife
renciación de artemia salina. 

103 Guix Pericas, M.: 
Estudio morfométrico, óptico y ul
traestructural de los inmunocitos en la 
enfermedad celíaca. 

105 Llobera i Sande, M.: 
Gluconeogénesis «in vivo» en ratas so
metidas a distintos estados tiroideos. 

106 Usón Finkenzeller, J. M.: 
Estudio clásico de las correcciones ra
diactivas en el átomo de hidrógeno. 

107 Galián Jiménez, R. : 
Teoría de la dimensión. 

111 Obregón Perea, J. M.ª: 
Detección precoz del hiporitoidismo 
congénito. 

115 Cacicedo Egües, L. : 
Mecanismos moleculares de acción de 
hormonas tiroideas sobre la regula
ción de la hormona tirótropa. 

121 Rodriguez García, R. : 
Caracterización de lisozimas de dife
rentes especies. 

122 Carravedo Fantova, M. : 
Introducción a las orquídeas espa
ñolas. 
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125 Martinez-Almoyna Rullán, C.: 
Contribución al estudio de la Manome
tría ano-rectal en niños normales y con 
aletraciones de la continencia anal. 

127 Marro, J .: . 
Dinámica de transiciones de fase: Teo
ría y simulación numérica de la evolu
ción temporal de aleaciones metálicas 
enfriadas rápidamente. 

129 Gracia García, M.: 
Estudio de cerámicas de interés ar
queológico por espectroscopia Moss
bauer. 

131 García Sevilla, J . A. : 
Receptores opiáceos, endorfinas y re
gulación de la síntesis de monoaminas 
en el sistema nervioso central. 

132 Rodríguez de Bodas, A. : 
Aplicación de la espectroscopia de 
RPE al estudio conformacional del ri
bosoma y el tRNA. 

136 Aragón Reyes , J. L.: 
Interacción del ciclo de los purín nu
cleóticos con el ciclo del ácido cítrico 
en músculo esquelético de rata duran
te el ejercicio. 

139 Genís Gálvez, J . M.: 
Estudio citológico de la retina del ca
maleón. 

140 Segura Cámara, P. M.: 
Las sales de tiazolio ancladas a sopor
te polimérico insoluble como cataliza
dores en química orgánica. 

141 Vicent López, J . L.: 
Efectos anómalos de transporte eléc
trico en conductores a baja tempera
tura. 

143 Nieto Vesperinas, M.: 
Técnicas de prolongación analítica en 
el problema de reconstrucción del ob
jeto en óptica. 

145 Arias Pérez, J .: 
Encefalopatía portosistémica experi
mental. 

147 Palanca Soler, A.: 
Aspectos faunísticos y ecológicos de 
carábidos altoaragoneses. 

150 Vioque Cubero, B.: 
Estudio de procesos bioquímicos im
plicados en la abscisión de la aceituna. 

151 González López, J .: 
La verdadera morfología y fisiología de 
Azoyobacter: células germinales. 

152 Calle García, C.: 
Papel modulador de los glucocorticoi
des en la población de receptores para 
insulina y glucagón. 

154 Alberdi Alonso, M.ª T.: 
Paleoecología· del yacimiento del Neó
geno continental de Los Valles de 
Fuentidueña (Segovia). 

156 Gella Tomás, F. J .: 
Estudio de la fosforillasa kinasa de hí
gado y leucocitos: purificación, carac
terísticas y regulación de su actividad. 

157 Margalef Mir, R. : 
Distribución de los macrofitos de las 
aguas dulces y salobres del E. y NE. 
de España y dependencia de la com
posición química del medio. 

158 Alvarez Fernández-Represa, J .: 
Reimplantación experimental de la ex
tremidad posterior en perros. 

161 Tomás Ferré, J . M.3: 
Secreción y reutilización de trifosfato 
de adenosina (ATP) por sinaptosomas 
colinérgicos. 

163 Ferrándiz Leal , J . M.: 
Estudio analítico del movimiento de 
rotación lunar. 

164 Rubió Lois, M.; Uriz Lespe, M.3 J . y Bibi
loni Rotger, M.3 A.: 
Contribución a la fauna de esponjas 
del litoral catalán. Esponjas córneas. 

165 Velasco Rodríguez, V. R. : 
Propiedades dinámicas y termodiná
micas de superficies de sólidos. 

166 Moreno Castillo, l. : 
Ciclo anual de zooplancton costero de 
Gijón. 

168 Durán García, S.: 
Receptores insulínicos en hipotálamo 
de rata: localización subcelular y me
canismo(s) de regulación. 

169 Martínez Pardo, R.: 
Estudio del mecanismo secretor de 
hormona juvenil en oncopeltus fascia
tus. 
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171 García Jiménez, J. : 
Fusariosis del gladiolo: un estudio pre
liminar. 

173 Fernández Aláez, C.: 
Análisis estructural en sabinares de la 
provincia de León. 

174 Furia Egea, J.: 
Citokinas en agrios. Actividades endó
genas, efectos fisiológicos y aplicacio
nes. 

180 Moreno Rodríguez, J. M.: 
Estudios ecológicos en jarales (cistion 
laurofilii): Variación anual de algunos 
factores del entorno y manifestaciones 
fenológicas. 

182 Pons Vallés, M.: 
Estudios espectroscópicos de fosfolí
pidos polimerizables. 

183 Herrero Ruiz de Loizaga, V. J .: 
Estudio de reacciones químicas por 
haces moleculares. Aplicación a la 
reacción C2H5Br + K Brk + C2H5• 

193 Martín García, V. S.: 
Utilización sintética en química orgáni
ca de metales pesados como cataliza
dores. Oxidación asimétrica. 

195 Badía Sancho, A. : 
Receptores presinápticos en el con
ducto deferente de rata. 

196 Estévez Toranzo, A. : 
Supervivencia de patógenos bacteria
nos y virales de peces en sistemas de 
cultivo. 

197 Lizarbe lracheta, M.ª A. : 
Caracterización molecular de las es
tructuras de colágeno. 

203 López Calderón, l. : 
Clonación de genes de uSaccharomy
ces cerevisiae» implicados en la repa
ración y la recombinación. 

211 Ayala Serrano, J. A. : 
Mecanismo de expresión de la PBP-3 
de uE. coli»: Obtención de una cepa hi
perproductora de la proteína. 

240 Genetic Strategies in Development. 
Symposium in honour of Antonio García 
Bellido. Lectures by S. Ochoa, S. Bren
ner, G. S. Stent, E. B. Lewis, D. S. Hog
ness, E. H. Davidson, J. B. Gurdon and 
F. Jacob. 

244 Course on Genome Evolution. 
Organized by E. Viñuelas. Lectures by R. 
F. Doolittle, A. M. Weiner/N. Maizels, G. 
A. Dover, J. A. Lake, J. E. Walker, J. J. 
Beintema, A. J. Gibbs, W. M. Fitch, P. Pa
lese, G. Bernardi and J. M. Lowenstein. 

246 Workshop on Tolerance: Mechanisms 
and implications. 
Organized by P. Marrack and C. Martí
nez-A. Lectures by H. van Boehmer, J. 
W. Kappler, C. Martínez-A., H. Wald
mann, N. Le Douarin, J. Sprent, P. Mat
zinger, R. H. Schwartz, M. Weigert, A. 
Coutihho, C. C. Goodnow, A. L. DeFran
co and P. Marrack. 

247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organized by V. Conejero and L. C. Van 
Loan. Lectures by L. C. Van Loan, R. Fra
ser, J. F. Antoniw, M. Legrand, Y. Ohashi, 
F. Meins, T. Boller, V. Conejero, C. A. 
Ryan, D. F. Klessig, J. F. Bol, A. Leyva 
and F. García-Olmedo. 

248 Beato, M.: 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. Garcia 
Barreno. Lectures by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg, E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Alt, R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid. 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. 
Poethig , M. Delseny, M. Freeling, S. C. de 
Vries, J. H. Rothman, J. Modolell, F. Sala
mini, M. A. Estelle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi
narios por Julio E. Celis, James l. Garrels, 
Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant RNA Viruses. 
Organized by F. García-Arenal and P. Pa
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol , G. Bruening, 
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J. Burgyan, J. R. Díaz Ruiz, W. G. Dou
gherty, F. García-Arenal, W. L. Gerlach, 
A. L. Haenni, E. M. J. Jaspars, D. L. Nuss, 
P. Palukaitis, Y. Watanabe and M. Zaitlin. 

254 Advanced Course on Biochemistry and 
Genetics of Yeast. 
Organized by C. Gancedo, J. M. Gance
do, M. A. Delgado and l. L Calderón. 

255 Workshop on The Reference Points in 
Evolution. 
Organized by P. Alberch and G. A. Dover. 
Lectures by P. Alberch, P. Bateson, R. J. 
Britten, B. C. Clarke, S. Conway Morris, 
G. A. Dover, G. M. Edelman, R. Flavell, 
A. Fontdevila, A. García-Bellido, G. L. G. 
Miklos, C. Milstein, A. Moya, G. B. Müller, 
G. Oster, M. De Renzi, A. Seilacher, 
S. Stearns, E. S. Vrba, G. P Wagner, 
D. B. Wake and A. Wilson . 

256 Workshop on Chromatin Structure and 
Gene Expression. 
Organized by F. Azorin, M. Beato and 
A. A. Travers. Lectures by F. Azorín, M. 
Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill , D. Clark, C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin, M. Grunstein, 
G. L. Hager, W. Horz, T. Koller, U. K. 
Laemmli, E. Di Mauro, D. Rhodes, T. J. 
Richmond, A. Ruiz-Carrillo, R. T. Simpson, 
A. E. Sippel, J. M. Sogo, F. Thoma, A. A. 
Travers, J. Workman, O. Wrange and 
C. Wu. 

257 Lecture Course on Polyamines as mo-
. dulators of Plant Development. 
Organized by A. W. Galston and A. F. Ti
burcio. Lectures by N. Bagni, J. A. Creus, 
E. B. Dumbroff, H. E. Flores, A. W. Galston, 
J. Martin-Tanguy, D. Serafini-Fracassini, 
R. D. Slocum, T. A. Smith and A. F. Tibur
cio. 

258 Workshop on Flower Development. 
Organized by H. Saedler, J. P. Beltrán and 
J. Paz Ares. Lectures by P. Albersheim, 
J. P. Beltrán, E. Coen, G. W. Haughn, J. 
Leemans, E. Lifschitz, C. Martín, J. M. 
Martínez-Zapater, E. M. Meyerowitz, J. 
Paz-Ares, H. Saedler, C. P. Scutt, H. 
Sommer, R. D. Thompson and K. Tran 
Thahn Van. 

259 Workshop on Transcription and Repli
cation of Negative Strand RNA Viruses. 
Organized by D. Kolakofsky and J. Ortín. 
Lectures by A. K. Banerjee, M. A. Billeter, 
P. Collins, M. T. Franze-Fernández, A. J. 
Hay, A. lshihama, D. Kolakofsky, R. M. 
Krug, J. A. Melero, S. A. Moyer, J. Ortín, 
P. Palese, R. G. Paterson, A. Portela, M. 
Schubert, D. F. Summers, N. Tordo and 
G. W. Wertz. 

260 Lecture Course Molecular Biology of 
the Rhizobium-Legume Symbiosis. 
Organized by T. Ruiz-Argüeso. Lectures 
by T. Bisseling, P. Boistard, J. A. Downie, 
D. W. Emerich, J. Kijne, J. Olivares, 
T. Ruiz-Argüeso, F. Sánchez and H. P. 
Spaink. 

261 Workshop The Regulation of Transla
tion in Animal Virus-lnfected Cells. 
Organized by N. Sonenberg and L. Ca
rrasco. Lectures by V. Agol, R. Bablanian, 
L. Carrasco , M. J. Clemens, E. Ehrenfeld, 
D. Etchison, R. F. Garry, J. W. B. Hershey, 
A. G. Hovanessian, R. J. Jackson, M. G. 
Katze, M. B. Mathews, W. C. Merrick, D. 
J. Rowlands, P. Sarnow, R. J. Schneider, 
A. J. Shatkin, N. Sonenberg, H. O. Voor
ma and E. Wimmer. 

263 Lecture Course on the Polymerase 
Chain Reaction. 
Organized by M. Perucho and E. Martinez
Salas. Lectures by D. Gelfand, K. Hayashi, 
H. H. Kazazian, E. Martínez-Salas, M. Me 
Clelland, K. B. Mullis, C. Oste, M. Perucho 
and J. Sninsky . 

264 Workshop on Yeast Transport and 
Energetics. 
Organized by A. Rodríguez-Navarro and 
R. Lagunas. Lectures by M. R. Chevallier, 
A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A. 
Goffeau, M. HOfer, A. Kotyk, D. Kuschmitz, 
R. Lagunas, C. Leao, L. A. Okorokov, A. 
Peña, J. Ramos, A. Rodríguez-Navarro , 
W. A. Scheffers and J. M. Thevelein 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organized by T. A. Springer and F. Sán
chez-Madrid. Lectures by S. J. Burakoff, 
A. L. Corbi-López, C. Figdor, B. Furie, J. 
C. Gutiérrez-Ramos, A. Hamann, N. Hogg, 
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L. Lasky, R. R. Lobb, J. A. López de Cas
tro, B. Malissen, P. Moingeon, K. Okumu
ra, J. C. Paulson, F. Sánchez-Madrid, S. 
Shaw, T. A. Springer, T. F. Tedder and A. 
F. Williams. 

266 Workshop on lnnovations on Protea
ses and their lnhibitors: Fundamental 
and Applied Aspects. 

Organized by F. X. Avilés. Lectures by T. 
L. Blundell, W. Bode, P. Carbonero, R. 
W.Carrell, C. S. Craik, T. E. Creighton, E. 
W. Davie, L. D. Fricker, H. Fritz, R. Huber, 
J. Kenny, H. Neurath, A. Puigserver, C. 
A. Ryan, J. J. Sánchez-Serrano, S. Shal
tiel , R. L. Stevens, K. Suzuki, V. Turk, J. 
Vendrell and K. Wüthrich. 

267 Workshop on Role of Glycosyl-Phos

phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Lamer. 
Lectures by M. V. Chao, R. V. Farese, J. 
E. Felíu, G. N. Gaulton, H. U. Haring, C. 
Jacquemin, J. Lamer, M. G. Low, M. Mar
tín Lomas, J. M. Mato, E. Rodríguez
Boulan, G. Romero, G. Rougon, A. R. 
Saltiel , P. Strií.lfors and l. Varela-Nieto. 

268 Workshop on Salt Tolerance in Mi
croorganisms and Plants: Physiological 

and Molecular Aspects. 
Organized by R. Serrano and J. A. Pintor
Toro. Lectures by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein, R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Lauchli, U. Lüttge, E. Padan, M. Pagés, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold, A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural , 
scientific and charitable objectives. 

It is one of the most important in Europe, 
considering its endowment and activities. 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and schorlarships 
for scientific training, 

supporting research studies 
and publishing research results. 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes, 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programme of 

International Meetings on Biology, 
designed to actively promote the relationship 

between Spanish biologists and their internationai coiieagues. 
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