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We have previously [3] investigated the electrical ac-
tivity in the spinal cord of the rabbit at rest, as recorded
by point-electrodes, and have described the method.

In order to determine the origin of the potentials and
to interpret them, we have studied the effect on this ac-
tivity of changes affecting both the inflow of impulses to
the spinal cord and its functional condition. We here re-
port the principal results observed in the lumbosacral re-
gion, though in many cases similar changes occurred in
the thoracic region also.

RESULTS

The effect of anesthesia. It is well known that the
lower centers of the central nervous system are more re-
sistant than the higher to the action of anesthetics, It
would therefore be expected that during the early (light)
stages, there would be a reduction in the deseending flow
of impulses into the cord, As the anesthesia becomes
deeper, its effect on the spinal centers increases [12]. In
this way the block of a spinal cord reflex increases in pro-
portion to the depth of anesthesia.

We have investigated the changes in spinal potentials
induced by ether. At the end of the stage of motor excita-
tion, when it was not possible to record potentialson ac-
count of artifacts due to movements, the following changes
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were observed in the electrospinogram (ESG) and the elec-
tromyogram (EMG).*

Usually, the rapid oscillations were the first to suffer
almost complete extinction. As a rule, the effect wasbet -
ter shown in the EMG, At this time, slow potentials were
still recorded in the ESG, although their amplitude was
sometimes somewhat reduced (Fig. 1). As the anesthesia
deepened, the slow waves were also suppressed, and the
recording consisted only of "noise® from the apparatus,
Oceasionally, at a certain stage, when the anesthesia was
deepening or when the animal was recovering from it,
slow potentials at the frequency of respiration were re-
corded from the lumbosacral region (Orbeli-Kunstman
phenomenon) [1, 2, 3, 6]. An interesting phenomenon
could be observed during the suppression of the rapid po-
tentials under light anesthesia. At this time, regular peaks
having an amplitude as high as 40-50 pv and a frequency
of from 8 to 50 per sec were recorded, In the EMG, these

. peaks were either absent, or greatly reduced {Fig., 2). Like

* It was necessary to record both the ESG and EMG be-
cause the point-electrode measured potentials relative to
an indifferent electrode inserted into an interspinal muscle,
and it was importantto consider the possibility of any
muscle potentials being recorded [3],
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Fig. 1. The effect of anesthesia on the ESG of the lumbosacral region of the cord, and
on the corresponding EMG. a) Initial trace; b) first stage of anesthesia. Curves, from
above downwards; Time marker; ESG of lumbosacral region; EMG: figure indicate

period of oscillarion in cps,
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Fig. 2. Regular spikes occuring in the ESG during anesthesia, Curves, from above down-
wards: Time marker; ESG of thoracic region; EMG.

all other electrical activity, these spikes disappeared as the the lumbosacral region slow oscillations at the respiratory
anesthesia deepened. When the animal recovered from the frequency were reduced (Fig. 3). When the curarizing ef-

anesthetic, the spikes gradually regained their initialhigh
amplitude and were indistinguishable from EMG activity,

The effect of curarization. Curare-like drugs were
used to reduce the flow of afferent impulses into the cord,
the reduction affecting chiefly proprioceptor inflow; this
in turn led to a reduction of motor impulses to the musele,
without any further operation being performed. We also
found the effect of elatin, kondel'fin (preparation "K"™)
and diplacin in doses whose central nervous action was not
appreciable; the first two drugs, and especially elatin,
were used in doses lessthan the amount required to elim-
inate voluntary movement. The injections were given
intramuscularly as follows: Elatin ~ 10-15 mg (rabbit
weighed about 2 kg), kondel*fin - from 1 to 3 cm® 5%
solution, diplacin ~ from 1 to 3 cm® 2% solution.

The results are best described for diplacin, where the
effect of the reduced afferent inflow were most clearly
seen. This preparation had the least effect of the three,
and there was a transitory reduction of muscle tone with-
out complete loss of voluntary movement. No anoxia
could occur through action on the respiratory musculature.

The electrical activity changed as follows. At first
the high-frequency waves of both the ESG and EMG were
suppressed, In the ESG, rather high amplitude regular
spikes of up to 30-50 pv appeared, but these were not
seen or else were greatly reduced in the EMG, The slow
oscillations continued for a longer time. Sometimes, in

fect was stronger, the slow components of the ESG were
also reduced. Co

Kondel*fin caused curarization of more sudden onset,
so that some of the changes in spinal electrical activity
observed when using elatin were sometimes missed, How -
ever, there was always a marked suppression of the rapid
waves in both the ESG and EMG, and regular spikes ap-
peared on the ESG together with smaller synchronized
spikes on the EMG; the amplitude of the latter varied
from zero up to an amplitude equal to the ESG spikes.

Diplacin had the strongest action, and when given in
the dose reported above, rapidly caused respiratory dis-
turbances, so that it was rarely possible to observe the ear-
ly curarization stages,

The effect of interrupting conduction along the cord.
Complete spinal thoracic section was carried out to elim-
inate the influence of higher nervous centers; it caused
immediate cessation of electrical activity below the cut
in the ESG and the EMG. In the acute preparation it was
difficult to determine whether the cessation of electrical
activity was due to interruption of descending impulses,
or to spinal shock; observations could not be continued
for long because the animals died rather quickly; (rab-
bits show little resistance to extensive damage to the cen-
tral nervous system), Interesting observations were made
on one rabbit having a spastic paralysis of the hindlimbs
(the animal contracted the condition in the animal house,

Fig. 3. Effect of curarization (elatin) on the ESG. a) Initial activity; b) early stage of
curarization (appearance in the ESG of regular spikes, and slow oscillations at the res-
piratory rate). Traces and indications as in Fig, 1.
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from unknown causes, not less than ten days before the ex-
periment).t

The fact that there was a spastic paraplegia without
any respiratory disturbance or paralysis of the front 1imbs
showed that the damage to the cord must have been in
the lower thoracic or upper lumbar segments, The absence
of any movements, and the fact that there was no reac-
tion ot painful stimulation of the hind limbs showed that
conduction must have been completely or almost com-
pletely blocked.

The ESG and EMG records from the lumbosacral re-
gion when no stimuli were applied showed only very low
amplitude slow waves. After stimulating the paralyzed
hindlimbs by pinching or pricking, the characteristic slow
waves returned io the ESG, and had a period of 500-200
msec, Le,, they resembled the 8 -waves of the electro-
encephalogram. It is hardly possible to consider that the
condition of spinal shock might have been present tendays
after trauma had occurred, and the results obtained must
therefore be ascribed to the reduced afferent inflow, Pain-
ful stimulation below the block appeared to make good the
deficient inflow from the lower parts, and restored norimal
electrical activity in the lumbosacral region.

The effect of painful stimulation. The effect of addi-
tional afferent impulses to the lumbosacral region was
particularly clearly shown when the recording ef«.irode
was inserted in the thoracic region of the cord. The in-
creased inflow was caused both by painful stimulation
caused by pricking the soft tissue and the meninges, and
by mechanical stitnulation of the substance of the cord by
the electrode. Both these factors no doubt caused an in-
creased flow of impulses into the lumbosacral region of
the cord to pass along proprioceptor routes (or caused a
response from the higher nervous centers).

The electrical activity of the latter changed quite
consistently (regisiration was carried out after the ani-
mal had returned to the resting condition). There was an
increase in the amplitude of both the slow and rapid waves
(the latter also returned in the EMG) and there was a
marked reduction in the period of the slow waves, and an
increase in their rate. Whereas the initial activity show-
ed low amplitude slow waves corresponding to type I ac-
tivity, the stimulation described caused the amplitude to
increase and the wavestobe better defined.

When the slow type I waves were sufficiently large,
painful stimulation might elicit slow components resem -
bling type II waves [3].

The results obtained showed that in our experiments
the potentials recorded from the cord were definitely re-
lated to the afferent inflow: Reduction in the number of
either the afferent or the efferent impulses caused a re-
duction in spinal cord potentials; increased afferent in-
flow increased both the amplitude and the frequency of
the potentials, We have therefore confirmed the results
of Bremer [10], TenCate et al, [14, 16-18], Ward [19],
and A. A. Oganisyan [4, 5],

On the other hand, the observations we made on the
animal with paralyzedhind1imbs, when there was no spinal
shock, and the researches of Boels,TenCate, and Visser
[9] do not confirm the findings of Mark and Gasteiger [15]
who claimed an increase in the amplitude of potentials
below the spinal cord secticn.

The regular high amplitude spikes in the cord which
are found at a certain stage of anesthesia or curarization,
and which are reflected in the EMG, are evidently due to
synchronized activity of motoneurons. It appears that un-
der these conditions synchronization represents a compen-
sation for motor insufficiency; the insufficiency may re-
sult from the neuromuscular block caused by curarization,
or from reduction in reflex excitation of the motoneurons
in anesthesia. A similar explanation may be applied to
the changes in the electromyogram which occuwr in cases
of damage to the anterior horns [7, 18], While it is dif-
ficult to explain the mechanisms of spinal and supraspinal
synchronization, the fact that no such effect was observed
after separation of the cord from the brain, and the results
obtained by Alward and Fuortes [8] on the supraspinal
mechanism of the synchronizing action of chloralose on
the cord, indicate that the phenomenon we have observed
is also mediated by a spinal mechanism; apart from our
observations, there are only those of Bremer [10], which
were obtained under light anesthesia and without decap-
itation.

In considering the spontaneous activity of the spinal
cord, Bremer [10, 11] took the view that all activity in
the central nervous system is of reflex origin, and he
therefore failed to appreciate the qualitative differences
between the spontaneous activities of the brain and spinal
cord, However, this description is not adequate, because
as far as general properties are concerned, it ignores the
the undoubted differences between the mode of operation
of the neuronal systems of different parts of the nervous
system, due to their evolution into different functional
organizations. If we consider the spontaneous activities
of the cord and brain, it can be seen that they react 1o
the inflow of impulses in different ways: in the brain, in-
creased inflow causes a reduction in the amplitude of the
slow potential waves, which recover when the inflow
ceases, but in the cord, as has been shown above, these
same potentials are proportional to afferent inflow,

Evidently, the difference between the spontaneous ac-
tivity of the brain and that of the cord must represent a
qualitative difference, although both are reflex in origin.

SUMMARY

Animals were anesthetized or curarized, spinal cord
block was established, and additional afferent stimulation
applied; recordings were made of the spontaneous elec-
trical activity of the lumbosacral region of the cord, and
it was shown that the amplitude of the potential variations
was directly proportional to the rate of arfival of impulses
into the area fromn which the recording was made, and this
T Unfortunately no histological observations were made.
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was specially true of the slow potentials, At the stage of
light anesthesia or mild curarization spikes were generated
at a steady rate; there were also slow fluctuations of po-
tential at the respiratory rate. On the physiological con-
ditions the spontaneous activities of the brain and spinal
cord are differently affected by afferent inflow; it may
therefore be suggested that though both are reflex in orig-
in, the two activities are qualitatively different, and that
different functional organizations of the two sections of
the nervous system have evolved.
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