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INTRODUCTION
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ase of sleep, particularly whenever 5 st B
511:’-5 rlzluvemenfs (REM) appear (19, 20)._ ACCumll']EI;tl'.(:l ;:,]lltt.;l;l; ;1(‘::.
shown that the tonic reduction of the s:.pm‘a.l reflexes is ¢ 1 3 g
‘ Jarization of the « motoneurons, which is clearly relatec “T 1 !
ffs:.es‘of active inhibition arising from guplra's?gmental Ttl\tmhil;is
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trical stimulation (38, 39). [f phasic d‘eprea.mon“a?sohib.i.ti(m o
active inhibitory processes, the mechanism of this in]

. entirely different. . , B
e e?(:ze;nt experiments have shown that during the bursts of REM
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the ventral horn terminals of group la primary afferents become
depolarized  (40-42), an  observation suggesting  that presynaptic
inhibition of these afferents might be responsible for the phasic de-
pression of the monosynaptic reflexes (rg, 20),

The problem that arises is whether a mechanism of presynaptic
inhibition also affects the high threshold muscular and the cutaneous
afferents (flexion reflex afferents, FRA: 16), thus accounting for
the striking depression of the polysynaptic flexion reflexes at the
time of the bursts of REM (rg, zo).

A likely though not exclusive source of such inhibition would
be the corticospinal fibers arising from the somatosensory cortex
and travelling along the pyramidal tract. Tt has been shown recently
that the increase in the pyramidal discharge which occurs during
desynchronized sleep (4, 17) is related in time with the appearance
of the bursts of REM (34-36). This effect is due in part to cortico-
spinal volleys arising from the motor cortex because it can still be
observed after bilateral ablation of the sensory cortical areas S,
and Sy; (34-36). The corticospinal fibers, however, are not exclusively
concerned with the transmission of volleys arising from the motor
cortex to a motoneurons. Recent experiments have shown i) that
clectrical stimulation of the sensory-motor cortex of the cat is follow-
ed by depolarization of the primary afferent endings of both cuta-
neous and high threshold muscle afferents, never of group la muscle
afferents (2, 9, 10, 3) and ii) that the motor cortex depolarizes these
primary afferents only indirectly through synaptic activation of
neurons of the somatosensory cortex (3). As a result, the afferents
involved in the polysynaptic reflex can be blocked presynaptically
by corticofugal volleys arising from Sensory cortex,

The present experiments were designed to determine i) whether
the phasic enhancement of pyramidal activity occurring during the
bursts of REM could still be observed after chronic unilateral abla-
tion of the motor cortex, when only corticospinal influences arisin g
from 5, and S, were available, and 1) whether in acute experiments
performed on the same animals before sacrifice primary  afferent
depolarization could still be produced by pyramidal stimulation
following degeneration of the corticospinal motor fibers,

These experiments have provided indirect evidence in support
of the hypothesis that during the REM periods of desynchronized
sleep the endings of the FRA are depolarized, thus leading to a
presynaptic inhibitory control of the polysynaptic reflexes.
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METHODS

Each experiment consisted of a chronic and an acute stage.

Chronic experimenis were performed on unrestrained, unanesthetized
cats. EEG screw electrodes, EMG electrodes for the posterior cervical mus-
cles and the tibialis anterior muscle of both sides as well as electrodes for
recording ocular movements (electro-veulogram: EOG) were implanted,
prior to the recording sessions, under Nembutal anesthesia following a pre-
viously described technique (47). At the same time unilateral ablation
of the motor cortex (precruciate gyrus, rostral pestcruciate gyrus and the
depths of the cruciate sulcus: cf. 1) was performed.

A bipolar electrode was inserted stereotaxically within the medullary
pyramid, ipsilateral to the cortical lesion (cf. 35). This electrode consisted
of two insulated stainless steel wires 125 u in diameter (interelectrode distance
less than o.5 mm), introduced into a stainless steel tube support having an
external diameter of 0.6 mm. The wires and the tube were insulated and
bound together by applications of varnish. The tips of 1he wires extended
about to mm beyond the end of the tube so that the electrodes could reach
the pyramidal tract without producing great damage fo the brain stem.
The electrode was usually placed in the pyramid at the level of the inferior
olive, just rostral to the decussatio pyramidwm. During the introduction of
the electrode, repetitive stimulation of the brain stem with joofsec, 1.0 msec
rectangular pulses, provided a physiological test for the proper localization
of the electrode in the pyramidal tract. The electrode was fixed in that
position which produced an active flexion of the contralateral hindlimb.
The level of Nembutal anesthesia used (25 mg/kg) was light enough to per-
mit the pyramidal motor response. All electrode leads were then soldered
to tube sockets held tightly on the skull by dental cement.

The experiments started 48 hrs after the end of the operation when
the effects of the anesthesia had worn off and the animal had adjusted to
its new condition. EEG and EMG potentials were amplified and recorded
on a Grass electroencephalograph, Simultancous recording of the integrated
pyramidal activity was made in the following way. The electrical activity
amplified by an A. C. preamplifier, was fed to a band-pass filter whose criti-
cal frequencies were 300 cps and 1o Keps with a selectivity of 12 db per
octave. The output of the filter was measured by a Ballantine-type 320
RMS voltmeter whose output {proportional to the root mean square of the
input voltages) was finally recorded in a D. C. channel of the EEG. A Grass
1. C. 5 P 1 preamplifier was used, and the driver amplifier low-pass filter
was set at 3 cps, 6 db per octave. With this tcclnni#ue (4, 34-36) the pen
deflections are proportional to the root mean square of the voltages between
the recording electrodes. The area underneath the curve is therefore pro-

sortional to the energy of the recorded activity in the explored region.
he pyramidal activity was also recorded, after the first stage of amplifi-
cation, through one channel of a 502 Tecktromix C.R.(., while the other
channel was used for recording either the EEG during waking and synchro-
nized sleep or the ocular movements appearing in desynchronized sleep,
In one experiment single unit recording from pyramidal tract axons was
also made at the C.R.0., following a method described by other authors (5).

Aeule experiments started when the corticospinal fibers arising in the
motor cortex had degenerated, after an interval of 15 to 40 days. Under
ether anesthesia the animals were submitted to anemic decortication. The
lumbosacral region of the spinal cord was exposed from L 4 to 5 2 and the

ventral roots L 7 or S 1 were severed and prepared for re ording under par-

affin oil at 370 C. The obturator, quadriceps and hamstring nerves were
sectioned on both sides. The tibial andjor the deep peromeal nerves were
sected and mounted for stimulation, For recording of dorsal root poten-
ials the caudal filament of L 6 or the rostral filament of 1. 7 dorsal rools
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pyramidal tract after ablation of the motor cortex appeared to be
stabilized at a steady high level and showed only small and irreg-
ular oscillations (Fig. 4 4). During drowsiness the pyramidal activ-
ity deereased slightly, but appeared to be less regular beecause
of the appearance of large amplitude deflections related in time
with the sporadic trains of cortical synchronous waves (Fig. 4 B).

g, 2. — Sehematic represen-
tation of cortical ablations tn three
different cals from which the in-
fegrated  pyvamidal aclivity was
recovded.

Pr: precruciate gyvrus; Po:
posteruciate gyrus; Co: coronal
gyvrus; L. lateral gyvrus; C: sulcus
cruciatus,

During synchronized sleep the integrated pyramidal activity
as characterized by the presence of large, irregular oscillations
(Iig. 4 C) similar to those recorded from the pyramidal tract of
animals with the motor cortex intact (34-36). The integrated activity
decreased to a minimum during the interspindle lulls and reached
4 maximum during the spindle bursts. There was a clear-cut rela-
tionship between trains of synchronous waves and peaks in the inte-
grated pyramidal activity, the large spindle trains corresponding
to large peaks of pyramidal activity (Fig. 4 C).

Arousing sensory stimulations, which desynchronized the syn-
chronous EEG rhythms, increased the background activity in the
pyramidal tract so that it became stabilized at a level similar to that
achieved during the spindle trains (Fig. 5.4). A steady increase
in pyramidal activity was seen when the EEG arousal occurred in
the absence of muscular movements and orienting reaction, detected
by observation of the animal with a sniperscope in complete darkness

W

and by clectromyographic records (Fig. 5 4).
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3 F G

Fig, 3. — Schematic vepresentation of transverse sections of the brain sho-
wing the extent of the cortical ablation in the cat llustrated in Fig, 2 C

The transverse sections are labelled in rostro-caudal direction from A
to G. Much of the left motor cortex was removed. In particular the ablation
involved the left precruciate gyrus and the rostral lip of the left posteru-
ciate gyrus. Even the motor cortex within the cruciate suleus was largely
undercut by the lesion.

Stronger arousing stimulations produced not only EEG desyn-
chronization but also a clear orienting response with widespreac
muscular activity. At these times a phasic enhancement of the
pyramidal discharge was observed. It lasted throughout the sensory
stimulation and gradually decreased later, to reach a steady lewvel
cimilar to that occurring during the stage of quiet wakefulness
(Fig. 5C). Similar phasic changes in pyramidal activity occurred
when arousing stimuli eliciting an orienting reaction were applied
on a background of guiet wakefulness (Fig. 5 B).

Oscillographic controls clearly confirmed the changes in the
integrated records described above. They particularly showed flue-
tuations of the background activity of the pyramidal tract following
ablation of the motor cortex during the EEG spindles (Figs. g a,
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toa) and a phasic enhancement during induced arousal (Figs. o,
10 /). At this time the background activity could reach an ampli-
tude 2.0 times that reached during the peaks synchronous with the
EEG spindles (signal-to-noise ratio equal to 4).

3. Inlegraled pyramidal activity during transition from synchro-
nized lo desynchronized sleep in cats with chronic ablation of the molor
corlex. — When synchronized sleep was replaced by a desynchronized
cpisode, the peaks of integrated pyramidal activity that ocenrred
synchronously with the EEG spindles disappeared, and only smaller,
irregular deflections appeared. The average level was only slightly
higher than that occurring during the interspindle lulls (Fig. 6 A).
When isolated ocular movements or bursts of REM occurred at the
beginning of the episode of desynchronized sleep, the baseline of the
record rose irregularly, but always above the level teached during
the peaks associated with the EEG spindles in the synchronized
phase (Fig. 7 4).

4. Inlegrated pyramidal activity during the REM periods of desyn-
chronized sleep in cals with chronic ablation of the motor cortex, —
As soon as the outbursts of REM appeared, the pyramidal activity
increased phasically to a level much higher than that oceurring during
the EEG spindles (Figs. 6, 7). There was always a clear-cut rela.
tionship between increase in pyramidal activity and the number,
amplitude and frequency of the ocular movements (Fig. 8). The
myoclonie twitches (18 also occurred during these periods of augment-
el pyramidal activity (Fig. 6 B). As previously reported (18],
they involved mainly the flexor muscles. The occurrence and the
amplitude of the twitches were not markedly dificrent in the museles
of the hindlimb contralateral to the cortical ablation as compared

synchronized sleep (€), besides desynchronizing the EEG, produced contrac-
tion of limb muscles, orienting reaction and eyve movements.

The sharp peaks in the pyramidal record, OCCUrring on a |n;u'.|‘g;1,um1
of EEG nchronization, disappear during spontaneocus (B) or induced
wakefuln {A), as soon as the EEG becomes desynchronized. The pyrami-
dal activity is then stabilized at a level comparable to that attained ginring
the former peaks. A gradual dec se of this basic activi together with
the appearance of periodic elevations of progre ly in ing amplitude
parallel the return of electrocortical synchronization (4). In B and ©
phasic increases in pyramidal activity appear during muscular contractions
induced by stronger aronsing stimuli. The peaks of these pyramidal deflec-
tions always reach a level higher than that achieved during the peaks that
occur synchronously with the EEG spindles,
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Fig. 6. — Slight depression in the activity of the pyvawmidal tract, after
chranic ablation uf the motor covtex, during itransition from synchronized fo
desynchronized sleep, in the absence of bursts of REM.

Same animal as in Figs. 4, 5, same experiment. 1: left postcruciate
gyrus-lateral gyrus; z: right postcruciate gyrus-lateral gyrus; 3: EMG of
the posterior cervical muscles; 4: EMG of the left tibialis anterior; 5: EMG
of the right tibialis anterior; 6: ocular movements (EOG); 7: integrated
activity of the left pyramidal tract.

A, I: short-lasting episode of desynchronized sleep. As soon as the
synchronous rhythms are disrupted (4) there is a simultancous ippear-
ance of the peaks of pyramidal activity. The background activity is rather
steady, with only minor oscillations, at a level lower than that reached by
the former peaks accompanying the spindles. The reverse occurs at the end
of the episode of desynchronized sleep (B). Note absence of REM during
transition from synchronized to desynchronized sleep and enhancement of
pyramidal activily during myoclonic twitches, with (B) or without (A4)

EM. The twitches oceur synchronously with the peaks of the pyramidal
record.

with those of the intact side. The jerks appeared only when the
peaks in the pyramidal record had reached their maximum ampli-
tude. A phasic enhancement of the integrated pyramidal discharge
was observed, during desynchronized sleep, even when the myoclonic
twitches were not associated with bursts of REM (Fig. 6 A4}
The phasic enhancements of the integrated pyramidal activity
during the bursts of REM recorded on the ink-writer were also
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Vig. o. — Relationship between increase in background activity of the

Pyramtdal tract and bursés of REM during desynchronized sleep after chronic
ablation of the motor corter.

Unrestrained, unanesthetized cat. Experiment made o days after
the implantation of the elecirodes and ablation of the left motor cortex as
Mlustrated in Fig, 2 B,

Ink-writer records. 1: left lateral gyrus-suprasylvian gyrus (EEG):
prasylvian gyrus (EKG); 3: EMG of ihe posterior
: G of the left tibialis anterior: 51 EMG of the right
nterior; 6: ocular movements (EOG). The horizontal lines indicate
reriols during which the integrated activity of the left medullary pyra-
mid w ecorded with the C.R.0O, as shown in Fig. 10.

A transition from synchronized to desynchronized sleep as monitored
by disappearance of EMG cervical activity, followed by outbursts of REM
il clonic twitches. 8 continuation of the episode of desynchronized slecp.
Note clear time correlation between myoclonic twitches and large bursts of
ILEAL The reappearance of the tonic EMG activity of the neck muscula-
ture (#, right) indicates the end of the episode of desynchronized sleep.
I'he arrow indicates the arousal reaction produced by an auditory stimulus
whistle),

accompanied by similar changes in the multiple spike discharge
recarded on the C.R.O. with conventional techniques (Figs. g ¢, o;
toe d). Fig. 1o shows that the signal-to-noise ratio increased tran-
ently up to 4 during the bursts of REM. At this time the hack-
crommnd activity reached values as high as 2.0-2.5 times that oceur
g durig the spindle trains of svnehronized sleep,
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Fig. 10. — Oscillographic records of the everall -Jb__u-_a"a;Jrrr.fa! aclivily takey
during ﬁlaﬂe;';'ui EEG backgrounds, as illustrated in Iig. 9.
g

i 2 i activity recorded with a bipolar
i .am: integrated pyramidal ac ) ¢ : o
1 'll‘t :]]Dr?([l;okfihe left py ramid-ﬁl tract, through an A,.L.. 111-3?11152:_1‘::‘5{5“3&\"
electrocs i o Kcps and high-pass filter at 500 cps, 12 Qb F|_.lJ octaie).
e m::l“ 1:1" :-ﬂ.'c ]TIIO\'CI'I'I("I'IT.‘i (EQG). a: x:;nchrmnze:l sleep,hz. anil actib
e am: € ks : ? e 3
‘;?n::ep?:()tlcof desvnchronized sleep; ¢, d: Incre in the backgro

T i HY = s wake-
vity of the pyramidal tract during bursts of REM; e: spontaneous
y b

lness; f: increase of the pyramidal activity during_an?us;.ﬂ m'qucg(il tl])‘:
Ilzl:(:u'a;; s‘ti:\lula’ti‘un {“-hintle}' as indicated by the arrow; g noise
acous ‘

recording system.
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5. Single wnit activity of pyramidal tracl fibers during sleep i;. hﬂ
Fidmess oni ] f orlex. — The

wakejulness in cals with chronic ablation of the motor mr!e.\. T
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i ns 5 its recorded from the pyrar
firing patterns of single un e e
of L?nl}estmined ananesthetized cats after ablation of the mot
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cortex was affected by sleep and wakefulness in a manner very
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Fig. 11, — Firing patterns of a single pyramidal wnit from somatosensory

corfex during different background of sleep and wakefulness.

Unrestrained, unanesthetized cat.  Experiment made 4 days after
implantation of the electrodes and ablation of the left precruciate gyrus
amd rostral lip of the left posteruciate gyrus,

Ink-writer records. 1: left postcruciate gyrus-lateral gyrus (E
£ right posteruciate gyrus-lateral gyrus (EE 3: EMG of the pos
cervical muscles; g0 ocular movements (EOG). 1e horizontal lines indicate
the periods during wihch C.R.O. records of a single unit localized in the
et medullary pyramid were taken as shown in Figs. 12 and 13,

A EEG b ounds of drowsiness (left) : 1 nized sleep
vight).  B: spontancons transition from synchronized slecp to quiet wake-
fulness (left side)  amd LGoarousal induced by aunditory  stimulation
(whistle) as indicated by t row (right side). C, I, E: appearance (C)
amd continuation (0, 1) of an episode of desynchronized sleep
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similar to that of the pyramidal tract neurons recorded 'I:}]-'( I:-\-'urls.

(x7) from the precentral gyrus (mator c_urtex} of t?xr: fnan‘:a.;.:ﬁn
The discharge patterns of a pyrafmclal tract fiber, on;,m.;q cﬁ

from the somatosensory cortex, are 1ll1._15tmtfei} qhy the recgrtﬁoc

Figs. 12 and 13; while the corrcs‘pnndmg l:.}'*..(:, ED:{G anrmlatcd

records (ink-writer) are given in Fig. IT. U]Eltl ﬁnﬁ;, is co

with the EEG in Fig. 12 and with the EOG in Fig. 13.

A o 05mv
e e ! ]V

1sec

Fig. 12. — Firing patterns of @ single pyvamidal wnit from somalosensory
. 12, - g ;
cartex :{irinq wakefrlness and synchvonized sleep.

"R i i i idal

i i as in Fig. 11. C.R.O. recording of firing of p}_l’aml' :

unit ?::‘li;:?.re?nzl:r‘l.ﬁl ::—lll‘ eicctﬂi‘.nrlicul activity from posterior sigmoid gyrus

of e 885 S8 ReNl s ischarge on a background of drowsiness

i Immirl" bOir p{%r;:;::;l ::}IT;is-;;llﬁrgc during spindles of s_\.'nc_‘hml:l_mcfl

o 1‘1?{- 1];"/ )'1 J‘I'JI' e: pattern of pyramidal discharge during guiet \\d}(c—

sleep .(:\r.e lf*. 11_1 3}, " Note absence of high-frequency bursts and _t{n:‘{ute

falges _(sce fk':.act'witv higher than in a; f: the clccltrocorhml :I_en_\,m__:ru—

. ba'CLg?L‘gl](t:cd by a whistle (arrow; see Fig. 11 B) is il}f{‘.l]ll’lpﬂ]:llC(i_b}- an

F“f::‘:i: ::: 1}:|t|: nf)rﬁrinj.,r of the pyramidal unit, which discharges quite reg-
incrense \

ularly.
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During quiet wakefulness (Fig. 12¢) the discharge tended to
be rather regular with absence both of short and of long interspike
intervals. The mean discharge frequencies ranged from 4 to 8/sec.
When an orienting reaction was produced by anditory stimulation
(active wakefulness; Fig, 12 f), the regularity of the discharge became
greater.  Also the rate of firing increased, reaching mean values
of 2z-20/sec. Higher rates could be observed only at the very begin-
ning of an arousal reaction. In all instances, however, there were
neither bursts of high-frequency discharge nor long periods of inac-
tivity.

During drowsiness the discharge became slightly irregular, but
only during synchronized sleep was the discharge characterized by
the appearance of short-lasting bursts of spikes alternating with
short periods of complete inactivity (Fig. 12 b-d). The result was
that the long and short interspike intervals increased. The bursts
of pyramidal discharge were clearly related with the EEG spindles
I confirmation of previous findings (cf. 17}. However there was
not always a strict relation between individual high voltage waves
o the cortical spindles and single bursts of unit discharge. The
mean discharge frequency during the whole episode of synchronized
sleep ranged from 5 to rofsec, but during the EEG spindles rates
as high as 20-1oofsec were attained.

During desynchronized sleep the bursts of discharge alternating
with periods of silence were still present; however, the duration
both of the bursts and of the intervals of silence was definitely greater.
I'here was, therefore, as compared to synchronized s]el-p, a further
inerease in the proportion of very short and of very long interspike
intervals, sinee the frequency of discharge increased during the
bursts and these were interspersed with longer periods of inactivity,
Ihe bursts of high-frequency discharge were related in time with
the bursts of REM. Fig. 13 (h, 1, /) shows this relationship very clearly.
[here was, moreover, some relation between frequencies and overall
duration of the pyramidal outbursts and amplitude and frequency
of the groups of REM. This was not a constant finding, however.,
Decasionally isolated movements of the eyes were associated, during

desynchronized sleep, with long lasting bursts of high-frequency
discharge (Fig, 134).  However, when isolated ocular movements
occnrred spontancously on a background of light sleep, the pyramidal
disecharge was entirely unaffected (Fig. 13¢) The mean discharge
frequency throughout the episodes of desvinchronized sleep ranged
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Fig. 13. — Firing patterns of a single pyramidal unit from somalosensory
1. - £ t £
covlex djf%wmg desynehronized sleep.

in Fi b ing of firing of the same pyra-
animal as in Fig. 11. C.R.O. 1".':‘6a:)r4:‘llnga o 1 ne Py
T 'Ll:qh;_{:::‘: ;sn}rrln}ig. 12 anf::l of REM (EOG). g: p:lthten]FE:I h‘;\: g;le cﬁ_:ﬁ]; :ﬁz
fu tt before the episode of desynchronized sleep {.-.,ee '1gi Ir ). Slate o
J%ivncc of any increased activity durning spon!‘anCUusE‘ls?)a eBIl'l“it‘i e Dieh
:‘Ut‘n.t h, §, k, I desynchronized !;:llccp I‘(S?f!‘iilg‘{fr”j .;) 1=)Iwe11 s bl
quency di s during episodes o L s 12 ) a8 i}
Ireqi::ei%:llfll's?srfﬁ?;. l}: d’isygcllrunizenl sleep. Nn‘-tc lnucratc Oftl?g:&;;r‘l’:-]d(;—l:
EI]:Ethe ‘(lnring intervals between REM (see Fl\gl Illl'é -(’_{:»ivnclhrm;ized
'J‘- tdt;ﬁvnchmﬂixed g e Incaf (,t?cl'i';:]dl:[ ‘}?J ”[JINI I]D\;l' ‘mte E:f pyramidal
‘oni i scles (see Iig. 7) e of py .
:FI];:l Rt?ﬁlapSi-'uﬁ'ﬁE:{iflaldil:llf}?:l‘rge on a background of If‘l_tm\'s:nﬁ_a]:: soon after
tl}];v %;ltl of the episode of desynchronized sleep (see Fig. 11 E).
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from 12 to 1g/sec, but at the time of REM the rate reached values
as high as 35-150/scc.

Summing up, the phasic increases of the integrated pyramidal
discharge that occur synchronously i) with the spindles during syn-
chronized sleep and ii) with the outbursts of REM during the desyn-
chronized phases were related, at the unit level, with outbursts of
high frequency impulses, During desynchronized sleep these out-

bursts were much longer in duration and higher in rate than during
the EEG spindles.

0. Dorsal voot potentials evoked by pyramidal stimulation folloiwing
chronic ablation of the motor cortex. — The cats, which after ablation
of the motor cortex had presented a modulation of the pyramidal
discharge during sleep, similar in character {o that occurring in
ltact preparations, were later decorticated with anemic procedure,
paralyzed with Flaxedil, and artificially respired. The acute exper-
iment was performed 15 to 49 days following removal of the maotor
vortex, after complete degeneration of the corticospinal motor fibers,
Plhvsiological evidence of the degeneration was provided by the fact
that repetitive stimulation of the pyramidal tract, performed in
the unrestrained, unanesthetized cat just before the anemic decorti-
cation, did not produce any detectable motor effect on the contra-
lateral hindlimb, when the stimulation was performed with the same
prarameters which produced the typical flexor response soon after
recovery from the cortical ablation. With higher stimulus intensities
movements of the ear, of the vibrissae, as well as orbicular contractions
were abserved ; but these effects were obviously due to spread of eur-
fent Lo surrounding brain stem structures, Even with such strong
Himuli, the typical pyramidal motor response of the contralateral
hindlimb was always absent,

Repetitive stimulation of the pyramidal tract performed in the
‘e experiment with stimulus intensities similar 1o those which
produced hindlimb flexion before degencration of the corticospinal
motor ibers evoked a dorsal root potential (DPR). Its amplitude
pproxtmated that of the DRP elicited by stimulating the pyramidal
tact e the intact animal with the same parameters of stimulation,
Fhe Tateney from the onset of pyramidal stimulation was about 2:
msec, and the total duration was the same as that of the DRP pro-
duced by afferent volleys in the limb nerves. The same parameters

ol pyvramdal stimulation, however, either il not produce any



558 Ao K. MORRISON AND O, POMPEIANO

ventral root discharge, or such an effect when present was much
smaller in amplitude than that elicited in the control experiments.
That this negative result was not due to damage of the spinal cord
was shown by the normal amplitude of the monosynaptic and the
polysynaptic reflexes recorded from a ventral root following stimu-
lation of the central ends of the ipsilateral tibial and deep peroneal
nerves.

FFig. 14 demonstrates the resnlts obtained with the cat, whose
chronic lesion is illustrated in Figs. 2 C and 3 (position of the stimu-
lating pyramidal electrode in Fig. 1). The experiment was performed
49 days after removal of the motor cortex of the left side. The dor-
sal root potentials elicited on the right side by stimulation of the
left medullary pyramid with the chronically implanted electrode
(Fig. 144a', &', ¢': upper traces) were similar in amplitude to DRP
produced in a normal cat by stimuli of comparable intensities
(Fig. 14 a, b, ¢: upper traces), The ventral root discharges, however,
(see Fig. 14a’, &', ¢': lower traces) were markedly reduced with
respect to the ventral root discharges recorded in the intact cat
(Fig. 14 @, b, ¢: lower traces). The last group of records in Fig. 14
(@ and d’) shows that the DRP (upper traces) and the mono- and poly-
synaptic reflexes (lower traces) elicited by stimulating the right
deep peroneal nerve reached the same amplitude, with the same
intensities of stimulation, in the cat with the sensory-motor cortex
intact (d) and in the animal with left motor cortex removed (d°).

Similar results were obtained when the acute experiment was
performed on the same animal, which had previously been sub-
mitted to unilateral chronic ablation of the motor cortex. In the
experiment of Fig. 15 the stimulating electrode was introduced
into the midbrain stereotaxically, and the effects of stimulating the
tegmentum and the basis pedunculi of both sides were studied 44
days after removal of the left motor cortex. The extent of the cor-
tical lesion was comparable to that of I'ig. 2 C. Traces a, b and 4,
e of Fig. 15 give the responses to repetitive stimulation, with the
same electrical parameters, of points localized at different depths
of the contralateral brain stem, as indicated in the diagram. As
the electrode passed through the tegmentum, DRP and ventral root
discharges could be recorded both on the right (Fig. 15, 4) and
on the left side (Fig, 154, €) by stimunlating respectively the left and
the right side of the mesencephalic reticular formation (depths
from -1 to -4). The responses were of comparable amplitude on

f

both sides,
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timulation of the mesencephalic corticospinal tract were not bilate-
rally equivalent.  On the side contralateral to the cortical ablation
(. 15 b -6

» -7} the ventral root discharge was almost none stent,
bt stimulation of the intact pyramid produced on the contralateral
dade a well-developed motor discharge (Fig. 15¢: -6, -7). Fig. 15¢
and f show the similarity in the development of the monosynaptic
and polysynaptic reflexes, as well as of the DRP, after stimulation
of both tibial nerves,

Summing up, the experiment illustrated in Fig. 15 indicates
that sufficient motor cortex was removed to abolish almost entirely
the motor component of the corticospinal response, but that the
depolarizing effect on the primary afferents was nevertheless almost
tnmaodified,  Incidentally the similarity in the amplitude of the

g 15, — Adbsence of ventral root discharge with persistence of dovsal
witnlials following stimulation of the basts pedunculi in cat with chronic
tou of corresponding motor corfex.,

Cat submitted to chronic ablation of the left precruciate gyrus and
the wostral lip of the left posteruciate gyrus. The ablation extended deep
it the ventral bank of the cruciate sulcus. The experiment was performed
| days after cortical ablation, i. e. when degeneration of the pyramidal
fihers ansing from the motor cortex had oceurred. The animal was submitted
o anemic decortication, paralyzed with Faxedil and artificially respired.

Upper traces are dorsal root potentials (DRP) recorded from the most
vandal dorsal rootlet at L 6, Lower traces are potentials recorded from the
whole ventral root at S 1.

Ihe records in @, b, ¢ were taken from the roots of the right side, while
e, [ came from the roots of the left {control) side,
: show the effects of repetitive stimulation (6 rectangular pulses
P hajse, 1 omsee, 2 V) of the leff side of the brain stem at the coordinates
iicated in the diagram. DRP associated with ventral root discharge oceur
on the right side by sti ion of the left mesencephalic reticular formation
1 2. -3 =4). No effect on stimulation of the substaniia nigra (-5), and
clective appearance of DRP, not associated with a ventral root discharge,
by stimulating the left basis pedunculi (-6, -7). ¢: DRP and ventral root
discharges elicited by stimulation of the centyal end of right tibial nerve with
focbangalar pulses, ‘0.05 msec in duration. The stimulus intensities are
expressed in terms of time threshold (T) for the monosynaptic reflex. The
towth of the o nosyvnaptic reflex is paralleled by the development of the
PRI Note further inerease in amplitude of the DRP at 250 T, together
Cithe the appearance of the polysynaptic reflex.

dovo show the effects of repetitive stimulation (same

I

amcters as

of the right side of the brain stem at the coordinates indicated in
krim. Note appearance of DRI and ventral root discharge on stimu-
the raight mesencephalic reticular format -3, -4) as well as
vight pyramid (-6, =7h £ DRI and ventra ischarges elicited by

Himalation of the central end of left tibial nerve with the same parameters
ostimmlation as n ¢
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DRP elicited contralaterally by stimulating the corticospinal tract
of the intact side and of the decorticated side strongly indicate
that the precruciate (motor) cortex does not contribute significantly

to the dorsal root response.

DiscussioN

The present study was undertaken in order to ascertain i) wheth-
er there is a modulation during sleep of the corticofugal fibers
arising in the somatosensory cortex and coursing along the pyramidal
tract, and ii) whether this modulation, if present, might contribute
to the depression during sleep of the polysynaptic spinal reflexes
through presynaptic depolarization of the central endings of the
fexion reflex afterents (FRA). The first question has been definite-
ly and positively answered by our experiments, while an affirma-
tive reply to the second question rests upon the acceptance of a
working hypothesis which will be discussed below.

The data of the literature and the original observations which
have prompted these investigations have been reviewed in the intro-
duction. Let us simply mention here the main results of our investi-
gations. The chronic experiments have shown that the pyramidal
tract neurons of the somatosensory cortex are affected, as are the
corresponding units of the motor cortex (r7), by wakefulness and by
the synchronized and desynchronized phases of sleep. These conclu-
sions have been drawn by recording both the integrated activity
and the discharge of single units of the pyramidal tract in the un-
anesthetized, free-moving cat after chronic destruction of the motor
cortex.

The acite experiments have shown, on the other hand, that
stimulation of the fibers arising from the somatosensory cortex
vields clear-cut dorsal root potentials (DRP), which are generally
attributed to depolarization of the intraspinal endings of the afferent
fibers (see 15). As mentioned in the introduction this effect, which
would be responsible for presynaptic inhibition (sec 15}, is limited

to group I &, group 1T and 111 proprioceptive fibers and to cutaneous
fibers, 7. . to the flexion reflex afferents (FRAJ.

Depolarization of the primary afferent endings has been found
by stimulating not only the posteruciate cortex (2), but also the pre-
cruciate motor cortex (9, 10, 3). The DRPs evoked by precruciate

iy ]
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stimulation were abolished, however, by removal of the posteruciate
cortex, thus suggesting that the effect of stimulation of t.hc mu“:(:l‘
-ult=-§ was mediated indirectly through synaptic activation of n -u]
rons in the posteruciate cortex (3). This conclusion is supported ‘} 2
the ||rul'sunl experiments, which showed that the DRPs e]icite.d I;y
pvr;umdftl‘ stimulation following degeneration of the cr;rtico-. i 31
fibers originating from the motor cortex do not differ in am ;1:”"1‘-
from the DRPs clicited by stimulating in the same :m.ima] th . tL‘l( '
:nrlu‘n:f.pinal tract with the same parameters of stimulatio: m'l“i]cf
mtraspinal pathways of the presynaptic inhibition of the FRA .ari mlLf
m the somatosensory cortex have recently been thoroughly i -b t'&,
pated in an anatomical study (44: see also 33). Sy et
Although the entire cerebral cortex may send fibers to pyramidal
tract (49; see however 12), it is known that the semm'\-‘-mt;tn;r : )
is th:-_fnust important source of pyramidal fibers {;rf ‘37 ; P
{4).  Therefore only pyramidal fibers arising in the &.iﬂ‘mi}ltggt’)n*;}: ;
-Iii irtex wc_mld rlemain after complete ablation of the motor coftexj,(
, Jh|-"f interest Fhat the modulation of the integrated pyrami-
.‘|.-I._[:-.::(:i?,:gifdlyl,”;,g sleep is practically abolished after complete
oy both  the motor and the somatosensory cortices
I'he results of the chronic and acute experiments complement
cach other, Ithough, only if one assumes that the volleys of ellectri-:‘al
;n:!-w\l .'npp!'md to the pyramidal tract in the acutcl}-" decnrticateﬂ
llil..ulr ~1||.t't1£ed cats exerted an effect on the spinal endings of thl
FFRA which was similar in kind, thongh possibly different ii extrntc
to that of the outbursts of high frequency irnp:.l]ses which occ‘ur‘;‘el'
in the c'hrum(lz experiments during the REM periods of d.esvnci':roni;rcil
.|'r'|'.|l_. If thm_na«;nmptinn is accepted one may conclude that {lm
phasic depression of the polysynaptic reflexes usually associated
with the Imr.-;ts_:?[ REM (19, 20) is due, in part at least t-n; ‘cm'taici-
:Ir:lr J\'nl.!“-_\-'s arising in the somatosensory cortex synchro'nous]y with
Phasic _m-.ular phenomena, coursing along the pyramidal tract
v mhiabiting presynaptically the spinal endings of the FRA %
I'he I]III:‘!! shorter bursts of high frequency pyramidal di:;cl-mrgv
1”- III:I’IIITIJ:_[,[l_“-mi.:f-[“.w spin:llv\a.nf synchronized :;ittttp, do not .\'t-o.ml
:“ |“ ice <|I:| '. ”_.l on the FRA comparable to that seen during
: llu.‘. conclusion is also supported by the observation that the
polvavnaptic veflexes are of the same amplitude during the -:pimlh-'-';
il the interspindle lalls (1o, 20).  This statement is not Ill't‘t‘.‘&x.'ll'i[\l'
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true for the cortical regulation during sleep of other systems, such
as the p motoneurons (cf. 23, 24).

Thus our working hypothesis on the presynaptic inhibition of
FRA elicited by pyramidal volleys, arising in the somatosensory
cortex, might explain the phasic depression of the flexion reflexes
occurring during desynchronized sleep. Furthermore it has the
advantage of leading to three predictions which might be verified
experimentally:

i) dorsal root potentials will be present in the unrestrained,
unanesthetized cat during the bursts of REM of the desynchronized
sleep;

i) the antidromic response of the flexion reflex afferents to
intraspinal stimulation will be enhanced during these bursts, as it
has been shown to occur for group [« muscle afferents (40-42);

jii) the enhancement of the antidromic responses of the FRA
in this experimental condition should be reduced by removal of
the contralateral somatosensory cortex, if the presynaptic inhibition
of the FRA is mainly related with corticofugal volleys arising from
that area of the neocortex.

Concerning point iii) we want to emphasize that the phasic
depression of the polysynaptic reflexes during the bursts of REM
is not exclusively due to presynaptic inhibition arising in the somato-
sensory cortex. This conclusion is supported by the observation that
a phasic depression can otill be observed after bilateral ablation of
the sensorymotor cortex (43).

The same structures localized in the Jlower brain stem which
depolarize the central endings of the group I a primary afferents
might also depolarize the flexion reflex afferents (40-42; cf. 8). The
cutaneous and high threshold muscular afferents are likely to be
affected also by structures of the rostral brain stem, for the present
experiments show that depolarization of the primary afferents is
also elicited by stimulation of the mesencephalic reticular formation.
Excitability measurements of primary afferents utilizing Wall's
technique (50) or intrafibre recordings at varying depths within
the spinal cord have not been made during these brain stem stimula-
tions. It is of interest, however, that neurons in the mesencephalic
reticular formation show outbursts of discharges synchronous with
the REM during desynchronized sleep (32) and there may be a causal
or cognate relationship between increase in this neuronmal activity
and the depolarizing effect on the flexion reflex afferents.
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SUMMARY

1) Pyramidal activity has been recorded at the medullary level
in |1|I1|':-:-at|'aimad, unanesthetized cats following uni]aéeral‘ gh i
ablation of the motor cortex, with the aim of determinin \-hnt)lf.nc
the modulation during sleep and wakefulness of the pvragli(;afed‘(‘:r
1I-Ir.1r;_{ui~1 nriginntil.lg from the somatosensory cortex could be re’[err:::i
-~ = i s . - - . !
.||-“,‘I.i,'n:$_h exerting presynaptic depolarization of the flexion reflex
h”mzi! l’ht.: 1ntcgll':1tr'-\rl :Llctwit_v of the pyramidal tract fibers coming
s e :_»umat(mennor)- areas of the cortex reaches a steady level
lnlh:lillqlilt.t wakefulness, and increases transiently during induced
a) I)u!-ing synchronized sleep there is a gradual decrease in
the ]\‘_\'f'zmlldal activity when peaks of discharge synchr s wi
the EEG spindles occur. ) onons it
, ]|| I}urin{:{ desynchl‘onize{l sleep there is phasic enhancement
]“._1_\"‘_ pyramidal discharge, occurring at the time of the bursts of
5) Ih:-lchanges in the background activity of the pyramidal
tract following ablation of the motor cortex are 11'arallc10d hpf}cha ':-l'
i rate and pattern of discharge recorded from single unii“; dl]i:?u
the .Inn-rf»nt phases of sleep in the same kind of prcparati;)n "
0) .'il.lmuluti(m of the pyramidal tract following chronic &e'en—
cration ob the corticospinal motor fibers elicits contralateral dtt,rq 1
tool potentials of the same amplitude as those induced by stimuhti-oz;
of the intact pyramid. This effect has been recently referred to pre-
viaptic depolarization of the flexion afferents. The ven.tral in(;t
i harge, on the other hand, is greatly reduced or completely abol-
whed on the side opposite to the cortical ablation. !

I'he modulation during sleep and wakefulness of pyramidal
wiivity following ablation of the motor cortex is thus likely ‘;n
I.‘,:_ll 'Ir changes r.n- [.]". level ni: depolarization of the flexion 1:('11(-x

rents. I particular the inerease in the pyramidal discharge
sriginating fmm_thv somatosensory cortex :||1|"in,: the bursts of
:f,ll M oy lllllll'll-illll'. tln'tlnlgh a mechanism of presynaptic inhibi-

i, Lo the phasic depression of the polysynaptic reflex that occurs
b the time of the bursts of REM. I
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