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Corticospinal Influences on Primary Afferents
During Sleep and Wakefulness!

The increase in pyramidal discharge which occurs dur-
ing desynchronized sleep? is related in time with the
bursts of rapid eye movements (REM)3. This effect is
due in part to corticofugal volleys arising from the motor
cortex because it can still be observed after bilateral
ablation of the sensory cortical areas Sy and 5yy.

The corticospinal fibres, however, are not exclusively
concerned with the transmission to w-motoneurones of
volleys arising from the motor cortex. Stimulation of the
sensory-motor cortex of the cat is also followed by de-
polarization of the central terminals of the flexion reflex
afferents®%. As a result, the afferents involved in the
polysynaptic flexion reflex can be inhibited presynap-
tically®. The precruciate gyrus depolarizes these primary
afferents only through synaptic activation of neurones in
the postcruciate cortexS5.

The present experiments were made to determine (i)
whether the phasic enhancement in the pyramidal ac-
tivity occurring during the bursts of REM could still be
observed after unilateral ablation of the motor cortex;
and (ii) whether, in the same animal, primary afferent
depolarization could still be produced by pyramidal
stimulation following degeneration of the corticospinal
motor fibres.
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Fig. 1. Pyramidal discharge originating from the sensory cortical
areas Sy-Si1 during sleep. Unrestrained unanaesthetized cat, with
chronic (48 days) ablation of left precruciate and rostral postcruciate
{motor) cortex. 1, left parieto-occipital; 2, right parieto-occipital; 3,
posterior cervical muscles; 4, ocular movements; 3, integrated record
from the left pyramid above the decussatio pyramidum. A, during
synchronized sleep the pyramidal activity increases synchronously
with the EEG spindles and decreases during the interspindle lulls.
B, C, phasic enhancements of the pyramidal activity during the
REM periods of desynchronized sleep. D, control taken 18 sec after
the end of the episode of desynchronized sleep.
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Methods. The experiments were performed on 8 unre-
strained, unanaesthetized cats, previously submitted to
unilateral ablation of the precruciate and rostral post-
cruciate (motor) cortex. Electrodes for recording the
EEG, the EMG of the posterior cervical muscles, the
ocular movements and the pyramidal activity were im-
planted chronically, The integrated pyramidal discharge
was recorded with a technique described elsewhere?. Fol-
lowing chronic degeneration of the corticospinal fibres
stemming from the motor cortex, the animals were de-
cerebrated, paralysed with flaxedil and artificially respi-
rated. In these animals the ventral root discharge and the
dorsal root potentials elicited by short-lasting repetitive
stimulation of the pyramidal tracts, were recorded respec-
tively from the ventral roots L7-S1 and a dorsal root
filament of lower 16 or upper L7 and were compared with
similar responses elicited in cats with motor cortex intact.

Results. After ablation of the motor cortex, the pyra-
midal discharge increased phasically when movements
were induced by arousing stimuli, but gradually decreased
at the transition from quiet waking to drowsiness. In
synchronized sleep the pyramidal activity showed irregu-
lar oscillations. In particular the pyramidal activity fell
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Fig. 2. Dorsal root potentials and ventral root discharges evoked by
pyramidal stimulation. The upper traces were recorded from a dorsal
root filament in upper L7 on the right side. The filament was cut
15 mm from the dorsal root entry zone and placed on two electrodes,
one close to the entry zone and the other on the cut end. Upward
deflection denotes negativity of the central electrode. The lower
traces were recorded from ventral roots L7-81 on the right side.
A, records taken from cat with sensory-motor cortex intact. B,
records taken from another cat with chronic (49 days) ablation of
the left precruciate and rostral postcruciate (motor) cortex. Same
cat as in Figure 1. The first two records were obtained by repetitive
stimulation of the left pyramid at medullary level above the decus-
satio, with a train of 10 shocks at 440/sec, 1.0 msec pulse duration
and 3 times the threshold for the dorsal root potentials. The last
record was taken during single shock stimulation of the right com-
mon peroneal nerve, with single shock of (.5 msec, 4 times the
threshold for the monosynaptic reflex, to prove that segmental
stimulation was equally effective in both animals. The cais were
anaesthetized with Nembutal, paralised with flaxedil, and arti-

ficially respirated.



15, XI. 1965

to a minimum in the interspindle lulls and reached a
maximum during the spindles. When synchronized sleep
was replaced by the desynchronized phase, the peaks in
the pyramidal record disappeared; and the corticospinal
activity became stabilized to a level similar to that
reached during the interspindle lulls, provided the REM
were absent. As soon as these ocular phenomena occurred,
the pyramidal activity increased phasically and reached a
level much higher than that seen during the spindle
trains (Figure 1). These experiments, together with the
demonstration that the ablation of both the motor and
sensory areas of the cortex prevented the appearance of
changes in pyramidal activity related with the different
states of sleep and wakefulness, indicate that during de-
synchronized sleep there is a phasic increase in the cortico-
fugal discharge which also originates from the somato-
sensory areas of the cortex (Sy and Syy).

In the decerebrate cats stimulation of the pyramidal
tract as long as 49 days after ablation of the motor cortex,
i.e. when the corticofugal fibres originating from the
motor cortex had degenerated and could no longer be
excited, produced a ventral root discharge which was
strikingly reduced with respect to controls taken in the
intact animal. The dorsal root potentials elicited by pyra-
midal stimulation, on the other hand, resembled those
obtained in the control experiment in both size and shape
(Figure 2). The fact that outbursts of pyramidal activity
still occur synchronously with the REM after degenera-

On the Possibility that Thymus-Mediated
Alloantigenic Stimulation Results in Tolerance
Response

It now seems firmly established that thymus occupies a
privileged position among other lymphoid organs (MiLLER
et al.’). The various hypotheses as to whether thymus is
an essential source of cells for other lymphoid organs or
provides a humoral factor or a local environment required
for functional maturation of cells originating elsewhere -7
may be complementary rather than contradictory.

One of the features distinguishing thymus from other
lymphoid organs is the absence of antibody formation and
of morphological symptoms of activation #-1* which char-
acterizes the response to antigenic stimulation in spleen
and lymph nodes. This might simply be due to some sort
of afferent blood-thymus bar which prevents extrinsic
antigens from entry into the intact organ %1%, Especially,
this characteristic of thymus led BUurRNET? to place in it
a hypothetical mechanism which would ensure immuno-
logical tolerance to ‘self-antigens’. It was assumed that
immunological tolerance results from a collision of an im-
mature lymphoid cell with the appropriate antigeni®14;
if the ‘vulnerable” phase of development of lymphoid cells
coincided with their sojourn in thymus, where only anto-
antigens seem to be available, the potentially self-reactive
clones might there be automatically filtered off and pre-
vented from further development to reactivity. Patho-
logical changes of an autoimmune nature following
thymectomy15-2¢, and some data on the role of thymus in
autoimmune conditions "8, may be interpreted in favour
of this concept even though a different explanation of
some of the findings may be preferred?®.
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tion of the corticospinal fibres arising in the motor cortex,
suggests that presynaptic inhibitory volleys originate from
the sensory areas Sy and Sy during the REM periods of
desynchronized sleep. They may at least contribute to the
phasic depression of the polysynaptic reflex that occurs at
the time of the bursts of REM”.

Riassunto. Nel sonno desincronizzato si osserva un
aumento della scarica piramidale originante dalle aree
somato-sensoriali della corteccia in corrispondenza dei
REM. Queste scariche piramidali depolarizzano le fibre
afferenti primarie della via riflessa flessoria e verosimil-
mente contribuiscono alla depressione fasica dei riflessi
polisinaptici che si manifesta durante i REM.
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We wished to check this hypothesis by assuming that
the respective mechanism might be ‘misused’ for non-self-
antigens if these were artificially introduced into the
thymus of adult animals. However, the cell population in
an adult thymus seems to involve also a proportion of
functionally mature cells, as indicated by the findings of
antibody formation in thymus injected with various
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