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by single shock stimulation of the motoneuronal pool can be recorded
from the tibial or the deep peroneal nerve in the deafferented hindleg of the
unanaesthetized, free-moving animal (Morrison & Pompeiano, 1965d). The
orthodromic response of the « motor fibres to direct stimulation of the moto-
neuronal pool elicited in either an extensor (tibial) or a flexor (deep peroneal)
nerve is not modified during transition from relaxed wakefulness to synchronized
sleep, nor is there any significant difference observed during synchronized sleep
between spindle periods and interspindle lulls. However the response of the o«
motoneurones is clearly depressed during desynchronized sleep (Fig. 5). The
decrease of the action potential is of the order of 20-309% and lasts through-
out the episode of desynchronized sleep. Here again no phasic depression of
motoneuronal excitability can be detected during the large bursts of REM
(Fig. 5). These observations are in general agreement with the findings reported
above on the RD of « motoneurones.

The changes in responsiveness of the spinal motoneurones to antidromic or
direct stimulation may account only for the tonic depression of the spinal
reflexes. The phasic enhancement of the inhibitory influences during a burst of
REM, which appears so clearly when the spinal reflexes are recorded, has no
physiological counterpart in the depression of the motoneuronal response to
antidromic and direct stimulation.

There is little doubt that the tonic depression of both these responses during
desynchronized sleep is due to a decreased excitability of the « motoneurones
which is likely to be related to an increase in membrane potential.

The depression of the RD alone does not necessarily imply a hyperpolariza-
tion of the motoneurones. Depolarization of the membrane, which facilitates
the invasion of the soma by the antidromic spike, may also depress the RD.
This effect has been attributed to shortening of the axon-soma delay which
prevents reexcitation of the axon-hillock segment (cf. Eccles, 1955). However
the experiments with direct stimulation of the ventral horns show that the moto-
neurones are subnormally excitable throughout the desynchronized phase of
sleep (Morrison & Pompeiano, 19654). Hence only a hyperpolarization of the
motoneurones may account for the decreased response obtained with both tests.

Membrane hyperpolarization does not necessarily imply postsynaptic inhibi-
tion. The alternative hypothesis of “functional spinal shock” must be carefully
considered. Withdrawal of supraspinal facilitation, in so far as it abolishes the
random synaptic bombardment which normally keeps the cell in a slightly
depolarized state, can also increase the membrane potential. However the
hyperpolarization of the o motoneurones which generally follows a complete
transection of the spinal cord (Barnes, Joynt & Schottelius, 1962) does not
significantly reduce the response of the motoneuronal population to antidromic
stimulation (Gassel et al., 19654, b). It must be concluded, therefore, that the
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Fig. 5. Depression of the responses of « motoneurones to direct electrical stimulation of the
motoneuronal nucleus during sleep. Unrestrained, unanaesthetized cat. Experiment made 2
days after chronic implantation of the electrode and complete deafferentation of the left
hindleg. A stainless still microelectrode having a resistance of 100,000 Q was chronically
inserted into the motoneuronal nucleus supplying the deep peroneal nerve, while the orthodro-
mic volley due to direct stimulation of the « motoneurones was recorded from the peroneal
nerve with a bipolar electrode. 1: stimulus artifact by stimulating the left ventral horn at the
upper level of S, with rectangular pulses at one every 1.9 sec, 0.05 msec duration and 1.55
times the threshold for the orthodromic « volley; 2: eye movements; 3: left parieto-occipital;
4: right parieto-occipital; 5: posterior cervical muscles. The amplitude of the volley due to
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hyperpolarization responsible for the tonic depression of these responses during
desynchronized sleep is due to descending inhibitory volleys.

The postsynaptic inhibition of the « motoneurones during desynchronized
sleep is likely to be due to reticulospinal inhibitory volleys. This hypothesis is
supported, though not crucially proved, by the fact that stimulation of the
medial reticular formation, which inhibits extensor rigidity and monosynaptic
reflexes in the decerebrate cat, also reduces the response of the same population
of motoneurones to antidromic (Gassel ef al.,, 19654, b) or direct stimula-
tion (Morrison & Pompeiano, 1965d). It is known that stimulation of this
brain stem structure produces a hyperpolarization of the membrane of the
motoneurones. This increase in membrane potential is not due to a lack of
supraspinal excitation (Llinas, Terzuolo & Thomas, 1962; Llinis & Thomas,
1962), but to true inhibitory postsynaptic potentials (Jankowska, Lund, Lund-
berg & Pompeiano, 19644, b; Llinas & Terzuolo, 1964). These inhibitory po-
tentials decrease the reflex excitation of the a motoneurones as well as their
responses to antidromic and direct stimulation (Jankowska et al., 1964a, b;
Llinas & Terzuolo, 1964).

It has been pointed out that in the intact, unanaesthetized cat as well as in
the decerebrate animal the inhibitory response of the spinal neurones to sti-
mulation of the medial reticular formation is not generalized as originally sug-
gested by Magoun (1944) and Magoun & Rhines (1947), but is reciprocal in
character, i.e., inhibition of the extensor and excitation of the flexor motor
units (cf. Rossi & Zanchetti, 1957). As a matter of fact the inhibitory post-
synaptic potentials induced by stimulating the medial reticular formation affect
not only the extensor motoneurones but also the flexor motoneurones (Jan-
kowska, et al., 1964a, b; Llinas & Terzuolo, 1965). In our experimental condi-
tions the depression of the spinal reflexes occurring during desynchronized
sleep is a generalized phenomenon. It affects both extensor and flexor moto-
neurones and their response during both monosynaptic and polysynaptic
reflexes (Gassel et al., 19645, c).

‘We come to the conclusion that the & motoneurones are tonically inhibited
postsynaptically throughout the desynchronized phase of sleep. The experi-
ments, in which the tendon jerks were shown to be depressed more intensively
by far than the electrically induced homonymous monosynaptic reflex, suggest
that during desynchronized sleep the ¢ motoneurones are more strongly in-
hibited than the o units (Gassel & Pompeiano, 19654, b).

direct stimulation of the motoneuronal pool is represented by the position of the dots. A:
gradual depression of the responses of « motoneurones during transition from synchronized
to desynchronized sleep. B: soon after A, showing an episode of desynchronized sleep. C:
recovery of the responses at the end of the episodes of desynchronized sleep as monitored by
the reappearance of the neck muscular activity. (From Morrison & Pompeiano 19654.)
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Presynaptic inhibition during desynchronized sleep—The results presented in the
previous section of this report have led to the conclusion that the tonic depres-
sion of monosynaptic reflexes occurring throughout the desynchronized phase
of sleep may be explained with postsynaptic inhibition of the « motoneurones,
which would be in turn produced by descending supraspinal volleys probably
arising from the lower reticular formation (Gassel ef al., 1964¢, 19654; Mor-
rison & Pompeiano, 1965d). The phasic inhibition of monosynaptic reflexes
that occurs during REM cannot be explained, however, with this mechanism
because no phasic enhancement in the depression of the response of the «
motoneurones to their antidromic or direct stimulation can be detected. The
working hypothesis that these phasic phenomena are due to presynaptic inhibi-
tion of the Group la afferent fibres comes now under discussion.

Experiments in which the excitability of the spinal endings of Group la
muscle afferents was tested following Wall’s method (1958) support the pre-
synaptic hypothesis (Morrison & Pompeiano, 19654, b, c).

The experiments were performed on unrestrained, unanaesthetized cats
following complete deefferentation of the hindleg of one side. The excitability
of Group la primary afferent fibres was tested by recording the antidromic
responses to single shock applied unipolarly to the ventral horns through a
chronically implanted microelectrode. The tibial and the deep peroneal nerves
were dissected and mounted on chronically implanted bipolar electrodes so
that the antidromic response to ventral horn stimulation could be recorded in
either the extensor (tibial) or flexor (deep peroneal) muscle afferents. The size
of the spike potential was taken as a measure of the number of Group la
fibres excited by the stimulus.

The Group Ia antidromic response recorded during relaxed wakefulness is
rather regular in amplitude. It shows a short lasting increase at the beginning
of an induced arousal. There is, however, no significant change in the mean
amplitude and standard deviation of the la antidromic volley during transition
from quiet waking to drowsiness or to synchronized sleep, nor is there any
significant change in these values found during the EEG spindle and the inter-
spindle lulls. The main change in excitability of the central terminals of Group
Ia afferent fibres occurs during desynchronized sleep. While episodes of
desynchronized sleep associated with single ocular movements are not ac-
companied by any change in the mean amplitude of the antidromic la volley,
a clear-cut phasic increase appears during the bursts of REM, particularly
when these bursts are rather intense (Fig. 6). The antidromic response of the
la afferent fibres then increases up to 110-1409% of the mean value observed
during synchronized sleep, both in tibial and deep peroneal nerves. Not every
burst of REM is associated with an increase in the antidromic Ia volley, and
there are also changes in the size of the antidromic Ia volley which appear to
be unrelated to the REM.
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Fig. 6. Modulation of the antidromic Group I a volley recorded from the deep peroneal nerve
during desynchronized sleep. Unrestrained, unanaesthetized cat, Experiment made 1 day after
chronic implantation of the electrodes and section of the ventral roots L; — S on the left side,
1: stimulus artifact by stimulating the left ventral horn at the upper level of .S, with rectangular
pulses at 1 every 1.9 sec, 0.05 msec duration, and 1.45 times the threshold for the antidromic
Group Ia volley recorded from the left deep peroneal nerve; 2: left parieto-occipital; 3: right
parieto-occipital; 4: posterior cervical muscles; 5: eye movements; 6: integrated discharge
recorded from the left geniculate nucleus. The amplitude of the Group I a antidromic volley is
represented by the position of the dots. A: synchronized sleep; B: transition from synchronized
to desynchronized sleep; C: desynchronized sleep with large bursts of ocular movements.
The arrows indicate the phasic enhancements of the antidromic Group I a volley during the
outbursts of REM. A phasic increase in the lateral geniculate activity appears during the
REM periods of desynchronized sleep. (From Morrison & Pompeiano, 1965¢.)
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Summing up, the supraspinal influences exerting synaptic depolarizing action
on terminals of Group Ia primary afferents are phasic in nature and appear
mainly to be related with the large bursts of REM. This phasic presynaptic
inhibition may account for the striking depression of the homonymous mono-
synaptic reflex that occurs during the bursts of REM (Gassel ef al., 19645, c).

Direct evidence that presynaptic inhibition may affect also the flexion reflex
afferents, an effect that might explain the phasic depression of the polysynaptic
reflexes during REM, has not yet been provided. It has been found, however,
that a pyramidal discharge occurring synchronously with the bursts of REM
can still be observed after ablation of the precruciate (motor) cortex (Morrison
& Pompeiano, 1965¢). Furthermore, stimulation of the pyramidal tract, up to
two months after ablation of the precruciate area, 7.e., when the corticofugal
fibres originating from the motor cortex can no longer be excited, produces a
ventral root discharge which is strikingly reduced with respect to controls
taken in the intact animal. However this pyramidal stimulation elicits dorsal
root potentials which are about the same in both size and shape with respect
to the control experiment.

Since stimulation of the sensory cortex SI and SII depolarizes the Group
Ib, II and 1II muscular afferents, as well as the Group Il and III cutaneous
afferents, but not the Ia primary afferents (Andersen, Eccles & Sears, 1962,
1964; Carpenter, Lundberg & Norrsell, 1962, 1963), this corticofugal discharge
may be responsible for presynaptic inhibition on the flexion reflex afferents
during desynchronized sleep. Other structures, however, are likely to contri-
bute to depolarization of the flexion reflex afferents during the periods of
REM. Recent experiments have shown that both in the medulla and in the
caudal pons there are regions which depolarize presynaptically Group la
afferents, as well as I'b, cutaneous and high threshold muscle afferents, thus
leading to a depression on the central transmission of the proprioceptive af-
ferent volleys (Carpenter, Engberg & Lundberg, 1962).

Dissociation of the tonic and phasic sapraspinal influences on spinal cord during
desynchronized sleep.—Experiments have been made in an attempt to localize
the brain stem structures which are responsible for the phasic events that occur
during desynchronized sleep. The structures have been identified with the
vestibular nuclei (Pompeiano & Morrison, 1965a).

Electrolytic lesions localized to the medial and descending vestibular nuclei
on both sides abolish the bursts of REM. This impressive finding is illustrated
in Fig. 7. Only rarely do sporadic and isolated ocular movements make their
appearance. Even the phasic depression of the monosynaptic and polysynaptic
reflexes, which occurs synchronously with the ocular phenomena, is abolished
by this vestibular lesion (Pompeiano & Morrison, 196556). Microelectrode
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Fig. 7. Abolition of the bursts of rapid eye movements during desynchronized sleep following
vestibular lesions, Unrestrained, unanaesthetized cat. 1: left parieto-occipital; 2: right parieto-
occipital; 3: posterior cervical muscles; 4: ocular movements, A—D: episode of desynchronized
sleep recorded in the intact animal 4 days following chronic implantation of the electrode.
Note the occurrence of large bursts of rapid eye movements. E~H episode of desynchronized
sleep recorded in the same animal 2 days following a chronic bilateral lesion of the medial and
descending vestibular nuclei. Calibration of 500 2V applies only to channel 4, calibration of
200 £V applies to channels 1-3. (From Pompeiano & Morrison, 19654.)

recording from single vestibular neurones performed in unrestrained, unan-
aesthetized animal has shown, on the other hand, that the activity of the units
localized in the medial and descending vestibular nuclei is greatly increased
during the bursts of REM (Bizzi et al., 19644, b, c).
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The conclusion can be drawn, therefore, that the supraspinal descending
inhibitory influences, which are responsible for the presynaptic depolarization
of the primary afferents during the bursts of REM, are causally related with the
activity of the medial and descending vestibular nuclei. It is likely that the
presynaptic depolarization of the Group Ia afferents as well as Ib, cutaneous
and high threshold muscle afferents elicited by stimulation of the caudal brain
stem (Carpenter ef al., 1962} is due to stimulation of the descending efferent
fibres originating from the medial and descending vestibular nuclei, which
course along the medial longitudinal bundles (see Brodal, Pompeiano & Wal-
berg, 1962). The supraspinal structures responsible for the postsynaptic inhi-
bition of the motoneurones during desynchronized sleep seem to be unrelated
to the supraspinal structures responsible for presynaptic inhibition.

In the intact animal the short lasting volleys acting presynaptically on spinal
reflex arcs during the REM are clearly related in time to the phasic enhancement
in the pyramidal discharge (Marchiafava & Pompeiano, 19644, b, ¢) and the
myoclonic twitches (Gassel ez al., 19644). Both effects are abolished by the ves-
tibular nuclear lesion (Morrison & Pompeiano, 1965f). This observation
suggests that any increase in the activity of the vestibular nuclei, induced
either by central or peripheral (labyrinthine) mechanisms, is capable of trig-
gering cortical and subcortical structures which exert descending excitatory
influences on the o motoneurones (cf. also Megirian & Troth, 1964). This
effect would occur when the proprioceptive afferent volleys coursing along the
Group la pathway as well as the FRA pathway are presynaptically blocked by
descending influences arising from or triggered by the vestibular nuclei.

The personal investigations quoted in the present report were supported by P. H. S.
research Grant NB 02990 from the National Institute of Neurological Diseases and
Blindness, N.I.H., Public Health Service, U.S.A,
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Efferent muscle control in rigidity

By G. Steg

Department of Physiology, University of Goteborg, Sweden

The differentiation of y- and «-rigidity, of fast and slow a-motoneurones and
of dynamic and static fusimotor fibres provides a new theoretical basis for the
analysis of parkinsonian rigidity (Granit, 1955, 1964; Jansen, 1962). However,
studies with the indirect techniques now available for work in humans have
given contradictory results; some indicating fusimotor hyperactivity (Rush-
worth, 1960), others fusimotor hypoactivity in Parkinson rigidity (Hassler,
1956; Struppler & Fleischhauer, 1955). ‘

This work has utilized a new approach to the pathophysiology of rigidity,
taking as a starting point the electrophysiological analysis of the Parkinson-
like side effects of neuroleptic drugs in animals. In the following I will first
review some neuropharmacological data and a theory on brain monoamines
and their relation to neuroleptic drug action and to the Parkinson syndrome.
Then an electrophysiological analysis of reserpine rigidity will be presented and
discussed.

The distribution of the brain monoamines seems to be the same in all mam-
mals. The highest concentrations of dopamine in normal brains are found in the
caudate nucleus, putamen and substantia nigra. Experimental evidence shows
that reserpine, the neuroleptic drug mainly used in this study, blocks the uptake
of monoamines in the granules of the nerve terminals, lowers the monoamine
content in the brain and induces akinesia, rigidity and tremor. L-DOPA
reverses the tranquilizing action and the muscular tremor and rigidity induced
by reserpine and raises the concentration of dopamine in the brain (Carlsson,
1964, 1965).

The distribution of monoaminergic neurones in the central nervous system
can now be mapped out by a histochemical technique, developed by Hillarp
and collaborators, of converting the monoamines into fluorescent substances.
All monoaminergic neurones have their cell bodies in the lower brain stem and
their axons diverge through ascending and descending pathways to terminals
in widespread regions of the central nervous system (Fuxe, 1965). The largest
monoaminergic neurone system consists of dopaminergic neurones with the
cell bodies in the substantia nigra and the axon terminals in the caudate nucleus
and putamen (Andén, Carlsson, Dahlstrom, Fuxe, Hillarp & Larsson, 1964).
A unilateral lesion placed rostrally to the substantia nigra interrupting this



438 G. Steg

pathway lowers the dopamine content of the neostriatum (=the caudate
nucleus and putamen). No marked motor effects are produced by the lesion.
When, however, rats operated on the left side are injected with reserpine, chlor-
promazine, haloperidol or other drugs interfering with monoaminergic trans-
mission, an asymmetric akinetic syndrome develops with stronger tremor and
flexor rigidity on the right side and a dystonic posture with head, body and
tail curved to the rigid right side. Pharmacological treatment producing mono-
amine excess, by L-DOPA or nialamide -+ reserpine, produces an asymmetric
motor disturbance with flexion of the head, body and tail towards the left
side and a motor hyperactivity causing the animals to run in circles to the left
(Andén, N.-E., Dahlstrém, A., Fuxe, K. & Larsson, K., 19654, »; Andén,
N.-E., Larsson, K. & Steg, G., 1965, unpublished).

Recent findings suggest the existence of ascending cholinergic axons ter-
minating in the neostriatum, which run close to the dopamine fibre bundles
and are likely to be interrupted by the lesion (Shute & Lewis, 1963). An as-
sumed functional antagonism between the intermingled dopamine and ace-
tylcholine neurones might explain why lesions alone fail to induce akinesia,
rigidity and tremor and gives an interpretation of the antagonistic effects of
neuroleptics and atropine.

In summary, the current neuropharmacological theory based upon animal
research postulates that the syndrome of akinesia, rigidity and tremor develop-
ing after administration of neuroleptic drugs is due to an impaired transmission
of impulses from an extensive nigro-neostriatal dopaminergic neurone system.

The motor phenomena induced by neuroleptics in animals closely resemble
the disturbances of tone and movement appearing as side effects of intense
neuroleptic therapy in psychiatry, all of which have been described in post-
encephalitic Parkinsonism (Delay & Deniker, 1961; Steg, 1964). The dopamine
content in the caudate nucleus, putamen and substantia nigra is greatly re-
duced in Parkinson patients (Ehringer & Hornykiewicz, 1960; Birkmayer &
Hornykiewicz, 1964). In hemi-Parkinsonism the dopamine content of the
corpus striatum is significantly lower on the side contralateral to the rigid half
of the body, (Barolin, Bernheimer & Hornykiewicz, 1964). L-DOPA has been
reported effectively to counteract parkinsonian motor disability, particularly
in postencephalitic cases, and acts mainly by reducing akinesia (Birkmayer &
Hornykiewicz, 1961, 1964).

Thus several results support the hypothesis that the common factor in Par-
kinson and neuroleptic syndromes is an impairment of the transmission from
the nigro-neostriatal dopaminergic neurones.

A method of studying efferent muscle control in the rat without interfering
with the model syndrome was presented by Steg (1964). The activity of single
«- and y-axons was recorded from intact thin muscle nerves and ventral roots
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Fig. 1. Reserpine increased the «- and decreased the y-component of the reflex response to
dorsal root stimulation (spinal reffex), abolished the spontaneous y-activity (eff), and reduced
rigidity (emg). L-DOPA reversed all these changes for a period of approx. half an hour after
which the animal returned to its previous reserpinized state, Two pairs of recording electrodes
9 mm apart were attached to an intact ventral coccygeal root. Upper beam connected to prox.
electrode pair, lower to distal one. (Roos & Steg, 1964.)

innervating the tail muscles and from filaments of the S1 ventral root. The
mechanograms of single rapidly and slowly contracting motor units were easily
recorded in the small tail muscles.

The appearance of rigidity and tremor after reserpine administration (5
mg/kg i.v.) was always acccompanied by a disappearance of y-fibre activity and
an increase of a-fibre activity or monosynaptic «-motoneurone excitability Fig. 1.
All motor units of the segmental tail muscles brought into hyperactivity by
reserpine were of the slowly contracting type (Steg, 1964).

Injection of L-DOPA into reserpinized rats increased the y-activity and
reduced a-motoneurone activation to pre-reserpine levels, and abolished
rigidity, akinesia and tremor. Injection of dopamine—which does not pene-
trate the blood brain barrier and thus has only peripheral actions—did not
affect «- and y-motoneurone activity, and did not reverse reserpine rigidity,
but the rigidity was eliminated by spinalization Fig. 2 (Roos & Steg, 1964
unpublished).

The same effect of reserpine treatment was recently confirmed in rats sub-
jected to unilateral lesions of the nigro-neostriatal dopamine neurones. The
rigidity and tremor of the hind leg opposite to the lesion was accompanied
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Fig. 2. Dopamine does not influence the changes of «- and y-efferent activity and the rigidity
induced by reserpine, but the rigidity is abolished after spinalization. (Roos & Steg, 1964.)

by y-fibre inactivity in filaments of the S1 ventral root. The o-fibre hyperac-
tivity and the rigidity of the calf muscles persisted after section of the 1.7 and
S1 dorsal root; Fig. 3 (Andén, Larsson & Steg, 1965, unpublished).

Atropine injection into normal rats increased y-efferent activity and reduced
the monosynaptic excitability of z-motoneurones (Arvidsson, Roos & Steg,
1966).

The rigidity appearing after reserpine administration to intact or unilaterally
operated rats is always present during y-inactivity, persists after deafferenta-
tion and can thus be classified as an o-rigidity. The rigidity is due to tonic
hyperactivity of e-motoneurones innervating slowly contracting muscle fibres.
All y-fibres of the ventral roots to the tail and hindlimbs of the rats are silenced
in reserpine rigidity, which suggests that the effect includes both dynamic and
static fibres. The fact that intravenously-injected dopamine does not affect
reserpine rigidity indicates a central site of reserpine action. The elimination of
rigidity after spinalization indicates that it is induced from supraspinal struc-
tures.

The asymmetric distribution of «-rigidity in the reserpinized rats with a
unilateral lesion of the nigroneostriatal dopamine neurones points to a dys-
function of this pathway as responsible for the rigidity.

The atropine effect of activating y- and suppressing x-motoneurones might
indicate its neurophysiological action mechanism as an old antiparkinson
remedy.
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Fig. 3. The effect of reserpine and de-afferentation in a rat with a lesion of the left nigro-striatal
dopamine pathway. Recording from a filament of the otherwise intact S1 ventral root of the
right side. The «-fibre hyperactivity persists after de-afferentation.

On the basis of present neuropharmacological theory, the following inter-
pretations of the electrophysiological data may be advanced: functional im-
pairment of the nigroneostriatal dopaminergic neurone system produces a
decrease of y-efferent activity and an increase of a-motoneurone excitability.
Functional restoration of the nigroneostriatal dopaminergic system, or at-
ropine blocking of cholinergic neurones projecting to the neostriatum, in-
creases y-motoneurone activation and reduces c-motoneurone facilitation.

A striking and consistent phenomenon is the inverse drug effects on «- and
y-motoneurone activity in the intact alert nervous system. A decrease in y-
motoneurone activity is accompanied by an increase in excitability of the o-
motoneurones and vice versa. This might be described as a shift of balance
between the y- and a-routes of motor control (Granit, 1955). The results suggest
that the dopamine and acetylcholine neurone systems to the neostriatum exert
a strong influence on this balance.

It is concluded that an experimental rigidity closely related to that of human
Parkinsonism is due to tonic hyperactivity of slow a-motoneurones during -
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fibre inactivity. It is suggested that e-rigidity is due to impairment of trans-
mission from a system of dopaminergic neurones with cell bodies in substantia
nigra and terminals in nucleus caudatus and putamen. Since the drugs inducing
the experimental rigidity are potent psycho-active compounds, their neuro-
physiological actions might have interest not limited only to parkinsonian
pathophysiology.
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