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When the muscular afferent nerves are stimulated,two types of responses can be detected from the
surface of the spinal cord: the first appears immediately after the spike potential expressing the activity
of the fibers of the posterior columns, the second some 9-11 msec later {2].

Unlike the responses to stimulation of the cutaneous and mixed nerves and the roots, the potentials
arising during stimulation of the muscular afferent nerves have received inadequate study.

The object of this investigation was to study some properties of these potentials in the hope that this
would facilitate the understanding of the functional organization of the spinal cord.

EXPERIMENTAL

Experiments were carried out on 16 rats weighing 150-180 g, anesthetized with pentobarbital sodium
(30 mg/kg body weight). The potentials were picked up from the dorsal surface of the spinal cord with
thin wicks of cotton wool soaked in physiological saline, at the level of segment L5, where their amplitude
was greatest, The indifferent electrode was placed on the neighboring muscles. To evoke the potentials
the nerves to the lateral and medial heads of the gastrocnemius muscle were stimulated by means of a
two-channel stimulator, The duration of each stimulus was 0,05 msec, The potentials were recorded on a
loop oscillograph,

EXPERIMENTAL RESULTS

The responses to stimulation of the nerves to the medial (M) and lateral (1) heads of the gastro-
cnemius muscle at different intervals are shown in the figure, If the stimuli coincided, the amplitude of
the combined response {C) was much less than the sum of the amplitudes of the responses to stimulation
of the nerves separately, In that case, the response to stimulation of the lateral nerve (1) was 350 uV,
the medial (M) 250 uV, and the combined response (C) 300 uV. The loss of amplitude of the combined re-
sponse wag thus 300 uV (50%).

If the test stimulus coincided with the descending phase of the negative slow potential evoked by the
conditioning stimulus (see figure, a, responses on the right), the amplitude of the test response fell ap-
preciably. If the interval between the test stimulus and the conditioning stimulus was longer than 15-

20 msec, no loss of amplitude took place.

Total occlusion of the response of the nerve to the lateral head of gastrocnemius, when the interval
between the conditioning and test stimuli was 2 msec, is illustrated in the figure, b. Occlusion of the re-
sponses was observed in all 16 experiments and it ranged from 52 to 65%, except in one case when it was
80% (see table),

The table also shows that the amplitude of the L responses in all 16 experiments was greater than
the amplitude of the M responses, presumably in association with the greater weight of the lateral head
than of the medial head of the muscle and the correspondingly larger number of spindles which it contains.

It was, thus, found that when two muscular nerves are stimulated, the total response is less the sum
of the responses to stimulation of the nerves separately. In some cases the occlusion was so congiderable
that one response completely abolished the other. Since occlusion is the yardstick of convergence, it can
be concluded that the muscular afferent nerves converge on the same neurons of the posterior horns.

Institute of Higher Nervous Activity and Neurophysiology, Academy of Sciences of the USSR, Moscow
(Presented by Academician V, V. Parin). Translated from Byulleten' Eksperimental'noi Biologii i
Meditsiny, Vol. 63, No. 6, pp, 8-11, June, 1967. Original article submitted August 10, 1966,

571



ANTAWAWAWAWAWAWARAWATATAVAY A

Surface potentials of the spinal cord in response to stimulation
of the lateral (L) and medial (M) nerves to the gastrocnemius
muscle in rats, The common response (C) is much smaller than
the sum of the responses to stimulation of each nerve separately,
Time) 2 and 20 msec, a) Partial occlusion of the response;

b) total occlusion of the response,

Occlusion of Burface Occlusion in relation to the potentials of the posterior surface of the
Potentials of the Spinal spinal cord was first described by Gasser and Graham [5], Their findings
Cord Evoked by Stimulation  were confirmed by Hughes, McCouch, and Stewart [7]. However, to evoke
ofthe Nerves to the Lateral responses in the spinal cord these workers stimulated the roots or mixed

and Medial Heads nerves. It was not clear, therefore, which nerve fibers were responsible
ofthe Gastrocnemius Muscle for the observed occlusion—muscular or the cutaneous. Attention to this
in Rats point was first directed by Bernhard, who showed in special experiments
Amplitude of responses (in V) to that the early response is not occluded, and that occlusion develops only for
stimulation of the late response,
g g both é = The results of the present experiments showed that simultaheous stim-
F . gﬂ‘é t‘;zrg’;ser %Z ulation of two muscular afferent nerves evokes an electrical response whose
27 0 @ s amplitude is 50-60% less than the amplitude of the responses to the nerves
190 | 273 310 55,2 stimulated separately. This means that the muscular afferent nerves con-
8 %28 g‘ig e verge on the same neurons, This fact becomes understandable in the light
685 | 430 470 83 of observations reported in the literature. When the tibial and peroneal
‘gg %%8 ‘338 é)? nerves were stimulated simultaneously, a high degree of convergence was
%g %gg ggg 2553 observed on the cells of Clarke's columns {6]. Although in these experiments
364 | 170 249 53 mixed nerves were stimulated, it must be assumed that the effect was due to
el P muscle afferent fibers and not to cutaneous fibers. Since the cells of Clarke's
345 | 162 193 61 columns are activated by afferent fibers from muscle and tendon receptors
jgg é}lg 338 ié [4, 8], it may be concluded that these fibers are the ones which converge on
ﬁi% %%g gig g? them, Hence, not one afferent fiber from the muscles and tendons, but
’ several fibers must converge on each cell of Clarke's columns, If this line

of reasoning is followed, the ultimate question must be: which structures of

the spinal cord generate slow potentials in response to stimulation of the mus-

cular nerves. The participation of the motor neurons in the genesis of the
potentials recorded in the present experiments is excluded on the grounds that when muscle efferent fibers
are stimulated no negative slow potential is recorded from the dorsal surface [3]. Consequently, the source

of these potentials may be certain internuncial neurons in the posterior horns or the cells of Clarke's
columns,

Observations which help to elucidate the genesis of these potentials have been reported. The muscu-
lar afferent fibers, stimulation of which gives rise to a slow potential, are known to have a high threshold
[2] and a diameter of 2-4 p. It is also known that only the thick muscular afferent fibers terminate on the
cells of Clarke's columns monosynaptically [8]. The thin fibers with a high threshold evidently communicate
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polysynaptically. In that case, it seems probable that the slow potential evoked by stimulation of a high-
threshold muscular afferent nerve is generated by sensory neurons intercalated in the pathways of these
high-threshold nerve fibers. The absence of accurate information on the generator of the slow potentials
evoked by stimulation of the muscular nerves does not mean that the facts discovered in the present ex-
periments should not be discussed from another aspect. The point is that convergence exists for muscu-
lar afferent fibers and does not exist for cutaneous fibers., This difference in the organization of the sen-
sory neurons is evidently based on the wide peripheral divergence of the cutaneous fibers and the tactile
neurons in the spinal cord [9, 10], ruling out the possibility of central convergence. So far as the muscu-
lar afferent fibers are concerned, these do not diverge at the periphery. Each intrafusal muscle fiber at
the periphery receives one thick afferent fiber for the innervation of the nuclear envelope and one or two
thinner fibers for the muscle tube. Since occlusion does not occur during stimulation of the cutaneous
nerves, but is well marked during stimulation of the muscular nerves, it can be concluded that this differ-
ence in the central organization is due to a difference in the distribution of the cutaneous and muscular
nerves at the periphery. The cutaneous nerves are characterized by wide divergence at the periphery,
but the muscular nerves do not diverge. The absence of peripheral divergence of the afferent nerve fibers
in the muscles makes it necessary for them to converge in the centers.

LITERATURE CITED

1. D. Barker, Quart, J. Micr, Sci,, V. 89 (1948), p. 143,

2, C. G. Bernhard, Acta physiol, scand., 29, 106 (1953).

3. J. C. Eccles, The Physiology of Nerve Cells [Russian translation], Moscow (1959),

4, J, Eccles, O. Oscarsson, and W, D, Willis, J. Physiol. (London), 158 (1961), p, 517,

5. H, Gasser and H, Graham, Am, J, Physiol,, 103 (1933), p. 303.

6. H. Grudest and B, Campbell, J. Neurophysiol., 5 (1942), p. 275,

7. J. Hughes, G. McCouch, and W, Stewart, Am. J. Physiol., 118 (1937), p, 411,

8. D. P, Lloyd and A. K, McIntyre, J, Neurophysiol., 13 (1950), p. 39.

9, P. Wall, Communication Theory in Sensory Systems [Russian translation], Moscow, (1964), p. 166.
10, G. G. Weddell, E. Palmer, and W, Pallie, Biol, Rev., 30 (1955), p. 159,

573



