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Structural and Systems Approach to Central Representation of
Motor Functions: Importance of State Dependent Reactions

INTRODUCTION

It was with considerable hesita-
tion that I finally accepted the kind
invitation of Vernon Brooks and the
Organizing Committee of this Sym-
posium to say a few words at the end
giving some of my impressions of the
presentations and discussion and re-
flections on the remarkable ad-
vances in our knowledge of motor
systems that has occurred during re-
cent years. | have been asked also if
I would try to place some of these
findings from experimental la-
boratories in the context of clinical
experience with diseases and disor-
ders of motor control. I would like to
draw particular attention to the im-
portance of state dependent reac-
tions in which patterns of behavior
are set up, even including spinal re-
flexes, by present programs depend-
ing on the general or directional
reactive state of the organism.

The importance of reactive state is
of course common knowledge to the
clinical neurologists in relation to all
forms of motor performance depen-
dent upon alertness, attention, levels
of consciousness, sleep, waking, and
upon instructions and effort given by
the patient. The mechanisms in-
volved in these more general state
dependent control systems however
have received new dimensions dur-
ing recent years through a number of
refined neurophysiological studies
describing changes in unitary re-
sponses and specific reflex activities
dependent upon present reactive
states. Microphysiological methods
have been extended to neurophar-
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macology and neurochemistry in
order to identify at the level of single
cells and synapses, transmitter and
modulator substances such as the
biogenic amines which may establish
particular reactive states as well as
general states of awareness.

Most important, it seems to me, in
research developments in recent
years is the application of precise
microelectrode techniques com-
bined with computers to the analysis
of the behavior of single cells and
synapses in the central nervous sys-
tem in normal unanesthetized ani-
mals during prescribed behavioral
tasks and to a limited extent in man.
The presentations in the present
symposium have given examples of
the importance and potentialities of
these methods. When coupled with
micropharmacology, making possi-
ble the analysis of chemical controls
of single neurons and synapses
throughout the central nervous sys-
tem, the wealth and precision of new
information regarding the participa-
tion of individual neurons in the
mechanisms of motor control has
advanced our knowledge at an ever
increasing pace. Recent reviews and
symposia have helped to make it
possible to follow at least some of
these studies.* With the technical
possibilities now at our disposal, it is
necessary to re-examine many of our
traditional neurological concepts of
mechanisms of motor control in the
light of these new data.

Functional Localization
at the Unicellular Level
Exploration of the CNS with mic-
roelectrodes in order to record the
firing pattern of single nerve cells in
experimental animals, and in man,
during the past twenty-five years has
continued to impress me with the
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functional specificity of single cells
in either the unanesthetized or
lightly anesthetized preparation. In
sensory systems, either at the
thalamic or especially at the cortical
level, each cell appears to have an
individual pattern of response in re-
lation to its peripheral receptive
field, whether it be punctate or pat-
terned, large or small, simple or
complex. At the cortical level single
cells may be further specialized to
respond only to other spacial or
temporal features of the stimulus
such as direction of movement,
separate cells specialized for phasic
changes in a stimulus (‘‘on’’ or
“‘off’”) and others specialized to de-
tect sustained levels of intensity, i.e.
dynamic or static features in the
temporal domain.

It would appear from the familiar
studies of Mountcastle and as-
sociates in the somatic sensory sys-
tem, and Hubel and Wiesel in the
visual system that classes of cells
with similar functions, or topog-
raphical relations (body or visual
field) were grouped together in ra-
dially oriented columns in the sen-
sory cortex. The size and specificity
of such columns depends, however,
upon the precision and experimental
definition of a specific function. For
example, in the visual system there
are very small columns, only 40-50
mp in diameter in which each cell
appears to be most sensitive to the
angular position of a line in a re-
stricted visual receptive field, the
individual miniature columns being
grouped into larger columns about 1

*Symposia and Reviews: Allen and Tsukahara
(1974), Asanuma (1975), Brooks and Stoney (1971),
Colloque C.N.R.S. (1974), Evarts et al. (1971),
Evarts and Thach (1969), Golgi Centennial Sym-
posium (1975), Granit (1966, 1970), Phillips, C. G.
(1969, 1973), Phillips, M. L (1973), Stein et al.
(1973).
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mm in diameter in order that all 360°
of angular specificity can be rep-
resented for a given receptive field.
If angle specificity is considered a
functional unit, the miniature col-
umns extend in sheets across the
cortex for this function to be repre-
sented in different parts of the vis-
ual field. Within each miniature col-
umn, however, each cell encoun-
tered at different depths or layers
from the surface has its own specific
functional properties with overlap-
ping but not identical receptive
fields. Feature detection is ‘‘more
complex’ in upper layers than in
deeper layers where most geniculo-
cortical afferents terminate.

In non-striate visual cortex (18
and 19) (Hubel and Wiesel, 1963),
and in infero-temporal visual cortex
(Gross et al., 1972), cellular
specificity appears to be just as
great, but selectivity depends upon
more and more complex ‘‘trigger”’
features of stimulus patterns, and
less upon local receptive fields. The
progression from relatively simple
cells, to those with more and more
complex feature selectivity depends
upon the system of interconnections
between simple and complex cell as-
semblies, single cells in the infero-
temporal visual cortex receiving
converging input from widely sepa-
rated retinal areas first processed in
the occipital cortex of both hemis-
pheres.

This digression into the principles
of hierarchical organization in the
specific functional properties of
single cells or unit cell assemblies in
multiple cortical projections of the
visual system may seem irrelevant to
this symposium, but I believe the
principles of hierarchical specificity
of single cells or cell assemblies in
motor systems may follow the same
model. *

The old, much disputed, question
of ‘‘muscle” or ‘“movement’’ rep-
resentation in motor cortex raised by
Charles Phillips in his introductory
lecture may become irrelevant in
this context. The refinement of
Asanuma’s intracortical microstimu-
lation technique (Asanuma, 1975)
has made possible the demonstration
of functional relations between a few
pyramidal tract neurons and one or a
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few agonistic muscles. This does not
imply, of course, that simple and
more highly complex relations do
not exist between these cell assemb-
lies and overlapping groups of
specific assemblies for many muscle
groups involved in the execution of
simple movements.

This is not an ‘‘either or’’ ques-
tion, but rather a hierarchical sys-
tem, in which many other cortical
areas and subcortical sensorimotor
systems are also involved, each with
its special contribution. Unicellular
specificity is acquired by its relation
within a local functional module of
closely interconnected neurons, the
module gaining its specificity in rela-
tion to adjacent and distant modules
in systems of ever increasing com-
plexity, and interacting in closed and
open loops with other sensorimotor
systems throughout the neuraxis.

I would like now to turn to an ex-
ample of complex functional locali-
zation at the single neuronal level
from recent experiments of Mount-
castle and associates on the parietal
cortex (5 and 7) of the monkey
(Mountcastle, 1975). Mounted in a
restraining chair, a monkey was
trained to point to a spot of light lo-
cated in a fixed part of the visual
field to be rewarded with a drink of
orange juice. Once well learned, ac-
curate movements were possible
without visual guidance.

Microelectrode recording was
then carried out in parietal areas 5
and 7 in search of cells responding in
relation to this specific space
oriented movement. In these areas
the cells did not respond to the usual
somatic sensory stimuli, nor to pas-

sive movements of the arm. Some, -

however, were activated only by a
self initiated movement of the arm
toward a fixed position in space.
They did not respond to other self
initiated movements of the same
musculature. The importance of
parietal cortex for body orientation
in space is thus confirmed at the cel-
lular level, and in relation to self in-
itiated precise movements in space,
independent of visual guidance.
Another interesting example was
provided by Emilio Bizzi in his
studies of single cells in frontal eye
fields of the monkey during saccadic

fixation and pursuit movements of
the eyes (Bizzi, 1968). Certain cells
responded only following saccads,
while others were involved in the
control of pursuit movements. Ob-
viously cellular localization here was
in relation to movements rather than
with specific muscles involved, the
saccadic movements being control-
led by subcortical systems. In prim-
ary motor cortex, the larger PT cells
are involved in the initiation of
phasic movements, smaller cells
more involved in tonic-postural sus-
tained contractions.

Unit Activity During the
Establishment of a Conditioned
Motor Response

When we first began the study of
the firing patterns of single cortical
cells in the monkey during learned
motor tasks at the Montreal
Neurological Institute with Ricci and
Doane (Jasper, Ricci and Doane,
1958, 1960), we were primarily in-
terested in conditioning rather than
in the details of movement control
itself (Fig. 1).

In these early experiments, car-
ried out before computers were a-
vailable, we recorded the activity of
single cortical cells in visual,
parietal, somatic sensory and motor,
and frontal cortical areas during the
establishment of a conditioning
withdrawal response to a specific
frequency of flashing light. The fre-
quency coding of the conditioning
stimuli enabled us to follow in the
firing pattern of single cells to what
extent the information containing
the instructions for a given response
was conveyed to the motor cortex
involved in its execution. A delay
period of 5-6 seconds was also intro-
duced in order to assess the degree
to which cells in the motor cortex
are involved in the anticipation or
presetting of the pattern of motor re-
sponse as well as in its final execu-
tion.

It was found that single cells in all
cortical areas explored were in-
volved in special ways in the estab-

*Stephen Kuffler (1973) has written an interesting
review of the single cell approach in the visual sys-
tem for the Proctor Award Lecture to the Associa-
tion for Research in Vision and Ophthalmology
which is well worth reading in this context.
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Figure 1—Monkey in restraining chair for microelectrode re-
cording of the firing pattern of single cortical cells during
conditioning of a shock avoidance reflex to the frequency of a
flashing light as used in the early experiment of Jasper, Ricci
and Doane (1958, 1960) described in the text. Not shown are
E.M.G. recording electrodes and stroboscopic flash used for
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Figure 2—Samples of unit responses in frontal, somatic sen-

sory, and parietal cortex after the establishment of a delayed
conditioned avoidance response (CR in line D of each tracing
with superimposed E.M.G. from biceps muscle). Line B in
each sample is the surface E.E.G. adjacent to the point of
insertion of the microelectrode, and C is the surface E.E.G.
from visual cortex, recording evoked responses to the condi-
tioning stimulus. Each area has its own pattern of response,
the sensory area apparently only responding to sensory feed-
back from the response itself. Grouping of unit discharges at
the flash frequency are shown in units of parietal cortex only
to positively conditioned flash frequencies, being inhibited by

the conditioned stimulus.

lishment of this conditioned re-

sponse. Evoked field potentials and’

unit discharges in the visual cortex
were altered in a regular and predic-
tive manner as the visual stimulus
became of significance for a with-
drawal response. Cells in the parietal
cortex were entrained at the fre-
quency of the conditioning stimulus
which had been reenforced by an
electric shock, and inhibited by un-
reenforced flash frequencies to
which there was no response (Fig.
2). Cells in the somatic sensory cor-
tex did not follow the flash fre-
quency after conditioning, nor did

Jasper

differential unconditioned flash frequencies.

they fire prior to the conditioned
motor response, only during the re-
sponse itself, and to passive move-
ments of the limb involved.

In the motor cortex also the sig-
nificant information in the frequency
of the flash was not reflected in unit
firing patterns. There were, of
course, those cells, presumably PT
neurons, which fired with mechani-
cal regularity a fraction of a second
before and during the E.M.G. record
of the motor response itself, or were
inhibited during the same period.
Other cells in the same area, how-
ever, did not seem to be involved in
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the execution of the motor with-
drawal response itself, but were in-
volved in the instruction to carry it
out, and in the holding or delay
period before its execution (Fig. 3).
However, the information upon
which these instructions were based,
namely the flash frequency, was not
conveyed to the motor cortex.

It was in the parietal cortex that
differential responses to the frequen-
cy of the conditioning stimulus would
suggest its involvement in ‘‘deci-
sive”> or directive motor control.
This would be in keeping with the
recent work of Mountcastle on
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Figure 3—Samples of unit firing in motor cortex responding at the onset or during the
delay period of the CR, though not apparently involved in the execution of the motor

response itself.

parietal units firing only during self
initiated spacially oriented move-
ments, mentioned above. In our ex-
periments, frontal cortical cells were
also involved in the ‘‘command”’
and ‘‘holding’’ aspect of the motor
response, though not in its execu-
tion, nor in the decision based upon
information contained in the condi-
tioning stimulus (see Fig. 2).

Motor Control by Prior
Instruction and Reactive State

More recent studies of responses
in both PT and non PT neurons of
the motor cortex in the monkey with
accurate latency measurements
under computer control (Evarts and
Tanji, 1974) has provided new in-
sight into mechanisms whereby pre-
set patterns of rapid or reflex motor
responses can be determined by
prior instruction. In animal experi-
ments ‘‘prior instruction’’ was estab-
lished by conditioning techniques.

In Evarts’ experiments, monkeys
were trained to make flexor or ex-
tensor movements of the wrist in
immediate response to a brief abrupt
imposed change or ‘‘perturbation’
in position of the hand, either flexion
or extension. The ‘‘instruction’ to
flex or extend the wrist was given by
red or green lights prior to the post-
ural perturbation of the wrist. The
direction of movement (‘‘push or
pull’’) to an identical stimulus was
reversed depending upon whether a
red or green light preceded it.

Both PT cells and non PT cells in
the hand area of the motor cortex

318 - AUGUST 1975

responded in opposite directions, in-
creased or decreased firing, depend-
ing upon the reactive state estab-
lished by conditioning to a red or
green light, even though the stimulus
for the reaction itself was an identi-
cal change in wrist position (Figs. 4
and 5). This might be expected, but
the rapidity of this reaction, 20-30
msec, precluded the intervention of
“‘voluntary’’ control. Since the orig-
inal work of Hammond, described
by Evarts (1975) in discussing his
work, there have been many studies
showing that relatively simple seg-
mental reflexes can also be modified
in a similar manner by preprogram-
ming their reactive state. The speed
of these preprogrammed reactions
implies plasticity in even the more
direct reflex circuits underlying
motor control, not only in their
‘‘gain’’ or sensitivity, but also in the
pattern of their motor response.

In the studies of Evarts and Tanji,
E.M.G. records were also taken in
order to measure simple stretch re-
flexes of the muscles involved in the
wrist movements. They found that
the shortest latency responses (12
msec) were also modified by prior
instruction, which had established a
different reactive state for the
monosynaptic stretch reflex, as well
as for cells of the motor cortex.
They also found that motor cortical
cells showed consistent changes in
their firing pattern within about 200
msec of the instructional stimulus
(red or green light) and sustained this
anticipatory response for 1-2 sec

until the ‘‘movement’’ stimulus oc-
curred. This is consistent with our
previous findings of cells in the
motor cortex involved in maintain-
ing a preset reactive state as well as
in the initiation of the motor re-
sponse itself. In our experiments
often different cells were involved in
sustaining the preset program than
those involved in executing the re-
sponse, a further specialization
within the motor cortex itself. This
does not mean, of course, that the
neural engram for the sequential pat-
tern- of the motor response is
confined to the motor cortex.

The work of Lundberg and as-
sociates in Sweden is of particular
interest in this connection. Using
extra and intracellular microelec-
trode recotding in  spinal
motoneurons and interneurons they
have shown that the pattern and in-
tensity of flexor reflexes could be al-
tered by suprasegmental descending
pathways, particularly involving in-
terneurons and through the control
of FRA input by presynaptic inhibi-
tion. They were able to demonstrate
also, that an important part of these
descending controls were mediated
by descending serotinergic and
noradrenergic pathways. originating
in the brain stem (Andén et al., 1966,
a,b; Engberg et al., 1968, a,b; Jank-
owska et al., 1967, a,b and Lund-
berg, 1965).

L-Dopa administration in the spi-
nal animal was found to depress
short latency flexor reflexes, but to
reveal (presumable by disinhibition)
a markedly increased longer latency
“‘tonic’’ multineuronal reflex which
was not apparent before. This was
probably due to increased release of
noradrenaline from terminals of
noradrenergic fibers which normally
modulate spinal reflexes. This raises
the question of the more general im-
portance of the biogenic amines and
other chemical substances in motor
control at all levels of the CNS,
especially in establishing state de-
pendent reactions.

Chemical Controls of Reactive
States and Patterns of Response
The importance of chemically
controlled reactive states and even
patterns of reaction, including disor-
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ders of motor control, dyskinesia, as
well as hypokinesia as related to
chemical control systems has been
receiving widespread demonstration
and support particularly with the ad-
vent of psychopharmacology. The
surprising and unexpected develop-
ment of Parkinsonian-like and other
movement disorders as a complica-
tion of psychotherapy with drugs,
such as reserpine and chlor-
promazine, affecting the metabolism
and liberation of the mono-amines
first drew attention of pharmacolo-
gists to the importance of the mono-
amines in the mechanisms of motor
control. This led systematically to the
discovery of the importance of
dopamine in Parkinson’s disease.
With the treatment of Parkinson pa-
tients with high doses of L-Dopa
however, we are experiencing
another problem in the development
of various other forms of dyskinesia
consequént to prolonged high level
L-Dopa administration itself, thus
bringing to light once again the criti-
cal importance of the chemical bal-
ance of transmitter or modulator
substances for the proper function-
ing of central motor control systems
(Calne et al., 19759).

The importance of state depen-
dent reactions needs no emphasis for
the neuroscientist or clinical
neurologist. Tremors which disap-
pear during sleep, or appear during
intentional movement are familiar
examples. Ataxia, dyskinesia,
bradykinesia, tremors, dystonia,
myoclonus, and stereotyped pat-
terns of behavior are all known to be
related in many instances to known
or suspected chemically controlled
reactive states, endogenous or drug
induced. Neuroendocrine induction
of complex behavior patterns are
known to depend upon specialized
neuronal systems, particularly in
limbic and diencephalic regions.

It is now known that axonal ter-
minals from specialized neuronal
systems liberating either serotonin
or noradrenalin are present through-
out the CNS, including cerebral cor-
tex, cerebellum, striatum and spinal
cord. Dopaminergic systems of
neurons may have important termi-
nals in cerebral cortex as well as in
the striatum and other subcortical
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Figure 4—An illustration from the work of Evarts and Tanji (1974) showing histograms
(20 msec bins above) and raster displays (below) of complete reversal in pattern of
response in a PTN to the same stimulus (slight flexor perturbarion of the hand)
depending upon prior instruction to ‘““push’ or ‘‘pull’’ signalled by red or green
lights 2-4 seconds before. Note the change in background activity 500 msec prior to
the stimulus and the rapidity of the unit responses.

structures. Physiologically active
amino acids, especially glutamic
acid, GABA, and glycine have also
been shown to have their specific
anatomical substrate and transmitter
or modulator functions throughout
the CNS. Acetylcholine has also
been shown to play a special role
either as a transmitter or modulator
of synaptic activity in relation to
reactive states of sleep and waking,
as well as in more specialized func-
tions in the striatum, thalamus and
spinal cord. All of these substances,
and others likely to be discovered,
are important candidates for chemi-
cal controls of reactive states in sen-
sorimotor systems at various levels
of the CNS. Their interaction and
wide distribution are posing many
difficult problems of interpretation,
some of which are similar to those
discussed above under the heading
of “‘structural and systems approach
to central representation of motor
functions.””

The demonstration that L-Dopa
administration can alter the pattern
of spinal reflexes even in the spinal
animal, as shown by Lundberg and
associates cited above would sug-
gest that the effects of L-Dopa
treatment of Parkinsonism are far
more widespread than replacement
of a dopamine deficiency in the
striatum as originally presumed.
Furthermore, it is now known that
important changes in noradrenaline
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and serotonin metabolism are also
produced by L-Dopa. Catechola-
mines appear also to regulate
the metabolism of amino acids, in-
cluding glutamic acid and GABA
which in their turn are among the
most important neurotransmitter or
modulator substances in the CNS
(Berl et al., 1975).

In recent unpublished work from
our laboratories, in collaboration
with Drs. J. de Champlain and T.
Reader, we have shown that synap-
tic excitability in cerebral cortex can
be modified depending upon the
concentration of extracellular
noradrenaline and dopamine, and
that the liberation of these
catecholamines are regulated in part
by a specialized catecholaminergic
projection system of subcortical
origin. In previous studies, it was
shown that acetylcholine was an im-
portant regulator of cortical excita-
bility, especially in relation to states
of sleep and waking and in relation
to certain forms of epileptic dis-
charge (Celesia and Jasper, 1966). It
now seems likely that there is an im-
portant interaction between the
cholinergic and catecholaminergic
systems at the cortical level. ACh
may be acting upon presynaptic NA
terminals affecting the balance of
these two substances in extracellular
fluid. Increased liberation of ACh by
sensory stimulation, for example,
may cause a decrease in NA libera-
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Figure 5—Response of a non PT neurone in motor cortex (histograms and rasters as in
F_‘ig 4) as modified by prior instruction preceding the same stimulus (S) at left and

_ right, from the work of Evarts and Tanji (1974) described in the text.

tion by its action upon presynaptic
NA terminals in the cerebral cortex.
Many other examples could be cited
to illustrate the necessity of an in-
teracting ‘‘systems’’ approach to
chemical regulation as has been
found necessary in neurophysiologi-
cal studies of the organization of
motor systems at different levels of
the nervous system. Microion-
tophoretic studies of the local action
of chemical substances on single
cells is of limited value without an
understanding of the part played by
these neurons in functional systems
of which they are a part.

A combination of both
neurochemical and neurophysiologi-
cal studies of control mechanisms
now being undertaken in many
laboratories in relation not only to
simple and complex patterns of be-
havior, but also in relation to
mechanisms of learning and the
higher mental processes in man, is
the exciting new frontier of research
in the neurosciences today (Iverson,
1975; Seeman and Lee, 1975). We
have much to learn, however, con-
cerning the precise mechanisms in-
volved in neurochemical controls of
reactive states. They may act as well
to ‘‘trigger’’ specific complex be-
havior patterns in the intact or-
ganism.

Fusion of Disciplines in the
Neurosciences and its Impact
on Clinical Neurology

Traditional disciplinary divisions
between the neurosciences

320 - AUGUST 1975

un””””l"

(T

S+

(neuroanatomy, neurophysiology,
neurochemistry, neuropharmacol-
ogy, and the behavioral sciences)
have all but disappeared during re-
cent years. This poses formidable
problems to the experimental
neuroscientist seeking to understand
basic mechanisms from the molecu-
lar to the behavioral levels. Added to
these multidisciplinary problems is
that posed by the organization of the
nervous system itself, how the ap-
parently highly specialized functions
of single cells are regulated by local
synaptic networks which interact
with adjacent and distant specialized
neuronal assemblies, each with its
special contribution to the integra-
tive action mediated by lower motor
neurons.

Computer models of these in-
teracting systems have provided us
with some new concepts and a new
vocabulary such as programs, closed
and open loops, positive and nega-
tive feedback, servo-control or
servo-assist, etc. Their usefulness
has been limited due largely to the
complexity of the biological systems
themselves and to inadequate know-
ledge of their exact structural and
functional properties.

The impact of this rapid explosion
of knowledge about the ultramicros-
copic form and dynamic functions of
the nervous system upon clinical
neurology is just beginning to be felt.
Increased collaboration between
clinical and basic scientists will cer-
tainly be necessary in the future.

Clinicians may not always be im-

pressed by the use of highly sophis-
ticated and expensive techniques to
demonstrate at the unicellular level
and with computer controlled meas-
urements that the motor cortex is in-
volved in the precise control of
“‘voluntary’’ movements, and that
these movements become dysmetric
and slowly reversible when deprived
of cerebellar control. However, the
demonstration that motor cortical
cells take part in rapid ‘“‘reflex’’ re-
sponses, and that the cerebellum,
thalamus, and parietal cortical cells
may all participate in the initiation
and programming of voluntary
movements does have important
consequences for clinical neurology.
The demonstration of the impor-
tance of inhibitory controls, both
pre- and postsynaptic, and the
neurotransmitter substances in-
volved in their mediation (amino
acids and monoamines) may have
immediate practical consequences
for the better understanding and
treatment of certain disorders of
motor control in man. Dr. Richard-
son provided an interesting example
in his contribution to this sym-
posium, i.e. the importance of
serotonin in the control of myoclonic
seizures.

It was apparent from the present
symposium that neuroscientists
have much to learn from classical
neurology as in the work of Gordon
Holmes on the cerebellum and from
the astute observations and theories
of Hughlings Jackson on levels of
representation and rerepresentation
in the nervous system; the motor
cortex being considered the mid
level, and not the highest level of in-
tegration.

A ‘“‘systems’’ approach to the un-
derstanding of motor control was al-
ready apparent in the work of Sher-
rington as well as in the theoretical
interpretations of Hughlings Jack-
son. We now have the tools for the
objective verification of many of
these classical concepts, some of
which have already been confirmed
in remarkable detail (Phillips, Hughl-
ings Jackson Lecture, 1973).

Many new concepts are also be-
ginning to emerge, some of which
have yet to be incorporated into clin-
ical neurology, such as rapid cortical
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“‘reflexes’’ and the participation of
cerebral cortex largely in ““involun-
tary’’ or automatic control of
movements, and the importance of
subcortical systems for the initiation
and patterning of so-called ‘‘volun-
tary’’ movements.

The histochemical identification
of neurochemically distinct systems
of neurons in the brain stem which
project throughout the neuroaxis,
including cerebellum, basal ganglia,
and cerebral cortex, is a new and
unexpected finding both to tradi-
tional neuroanatomy and to clinical
neurology. Disorders, such as Par-
kinsonism, Huntington’s Chorea,
and certain forms of epilepsy, are
now to be viewed not only in the
light of the classical neuropathologi-
cal findings, but in terms of defects
in neurochemical control systems
which may, in some instances be
amenable to corrective or replace-
ment therapy. The degree to which
the selection of preset patterns of
programs or behavior may depend

upon neurochemical as well as struc-

tural features of assemblies of
neurons has yet to be determined,
but seems most likely. In addition,
the establishment of temporary or
more permanent patterns of synaptic
organization in learning and memory
may well depend also upon specific
chemical substances capable of mod-
ifying not only synaptic functions
but in the regulation of the
metabolism of nerve cells.

Many of the most important old
problems in clinical and experimen-
tal neurosciences still remain, how-
ever, still unsolved in spite of the
remarkable advances in recent
years. Mechanisms which determine
conscious control or selection of pat-
terns of motor response are still as
mysterious as the nature of con-
sciousness itself. In spite of the dis-
covery of single cells which seem to
respond exclusively during ‘‘volun-
tary’’ self initiated movements in
thalamus, brain stem or cerebral cor-
tex, it would be naive to assume that
in such cells can be localized the
mechanisms of conscious or willed
movements. -

Unit studies of conditioning have
also failed to discover how the ‘‘en-
grams’’ of learned patterns of be-
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havior are formed, where they are
stored, and how they are retrieved in
finely coordinated temporal sequ-
ence either automatically or by the
selective process of conscious atten-
tion.

Even the most complicated sequ-
ences of motor control, such as play-
ing the pipe organ involving extraor-
dinary precise timing of finger and
feet movements in perfect bilateral
coordination can be performed in
what seems to be an automatic man-
ner, without visual cues, and while
the experienced organist may be car-
rying on a conversation with a bys-
tander. We may learn much more
about the control of single finger
movements, or even single muscles
or motor units, but an understanding
of more complex control
mechanisms is still far beyond our

grasp.

DISCUSSION

Phillips described two types of responses
which may occur with electrical stimulation
of the brain: an immediate effect such as ar-
rest of speech or movement and a second
type of response where prolonged trains of
stimuli evoké natural behaviour associated
_with goal-seeking drives. The latter type of
response suggests a diffuse effect, but might
conceivably be initiated if it were possible to
carry out a very precise local injection of
hormones or transmitter substances into an
appropriate area of the brain. A major prob-
lem for neurology will be to show how these
long-acting drives, which he referred to as
“limbic neurology’’, are related to the more
rapid responses of an animal to its constantly
changing environment.

Wiesendanger referred to work by Lundberg
and his associates who showed that the step-
ping responses produced by Schick and
Grillner with electrical stimulation in the
mesencephalic cuneiform nucleus could also
be elicited by local injection of drugs to acti-
vate dopaminergic systems. This suggested
that descending dopaminergic pathways are
able to switch on or switch off certain motor
programs.

York (Kingston) commented on long-term
modulating influences versus short latency
synaptic effects in diffuse monoaminergic
systems. He stated that even in systems
which have been studied extensively such as
the nigrostriatal system, current views are
almost certainly an over-simplification and
that some of the transmitters probably have
more than a single action.
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