SUMMATION PROPERTIES OF THE SPINAL
VASOMOTOR REFLEX ARC
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The summation properties of arcs of vasomotor reflexes from spinal afferent fibers of mesenteric
nerves were compared in animals with an intact brain and 8 h after anemic blocking of the brain. In spinal
animals threshold pressor reflexes developed in response to stimulation at the same frequency (0.25/sec)
as in animals with an intact brain. Reflexes in spinal animals, which were reduced on the average fo 16 mm
Hg, reached a maximum at a lower frequency of stimulation than in animais with an intact brain. Hence,
spinal vasomotor neurons are still capable of conducting single impulses. Inhibition, intensified as a result
of separation of supraspinal structures, evidently interferes with central summation.

* * *

Numerous experiments [1, 5, 7, 9, 10] have shown after division of the spinal cord a marked decrease
in systemic vasomotor reflexes evoked by impulses in spinal afferent fibers takes place. The possible rea-
son for this is a decrease in the ability of excitation to spread along intraspinal pathways in the absence of
supraspinal influences.

A previous investigation showed that regional vasomotor reflexes in spinal preparations effected
through segments located near to the level of entry of the afferent fibers are decreased to a lesser degree
than reflexes effected through more distant segments [3]. It may be postulated that this is due to inter-
ference with summation in spinal vasomotor reflex arcs. The object of the present investigation was to
verify this hypothesis.

EXPERIMENTAL METHOD

Reflex responses of the arterial pressure to stimulation of the central end of the mesenteric nerves
divided immediately distally to the Iymph gland by square pulses for 30 sec were recorded in cats anesthe~
tized with urethane (20% solution). The chosen parameters (10 V, 1 msec) are supramaximal for excitation
of both A- and C-afferent fibers of mesenteric nerves. The frequency of the pulses varied from 0.25 to
64/sec, its value being doubled with each period of stimulation. Intervals between periods of stimulation
were 2-3 min.

The experiments of series 1 (11 cats) were carried out on animals with an intact brain, and those of
series II (10 cats) after anemic blocking of the brain by a method developed previously [4]. Stimulation in
the experiments of series II began 8 h after blocking of the brain. Artificial respiration of the spinal pre~-
parations was controlled so that the CO, concentration in the expired air was about 4%. The CO, concentra-
tion was measured by a type GUKh-1 instrument. The body temperature was maintained at 36°, The animal
was immobilized by infravenous injection of the curariform agent ditilin (10 mg/kg). The arterial pressure
was recorded in the carotid artery by a mercury manometer,

EXPERIMENTAL RESULTS

In the experiments of series I {on animals with an intact brain) stimulation of the central end of the
divided mesenteric nerve by impulses at more than 2/sec produced only a reflex increase in arterial pres-
sure in all the animals without exception. During stimulation at a lower frequency (0.25~2/sec) some cats
with an intact brain developed depressor, and others pressor reflexes, With an increase in pulse frequency
from 0.25 to 2/sec, the amplitude of the depressor reflexes increased on the average from 2 to 10 mm Hg.
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When the curve of reflex amplitude as a function of stimulation frequency was plotted (Fig. 1A), only
pressor reflexes were considered. In three experiments, threshold pressor reflexes appeared in response
to stimulation of the mesenteric nerves at 0.25/sec. The mean amplitude of the reflexes reached a maxi~
mum at a frequency of 16/ sec. With higher frequencies the amplitude of the reflexes diminished.

In the experiments of series II (on spinal preparations) only pressor reflexes developed in response to
stimulation of the central end of the mesenteric nerves whatever the pulse frequency (Fig. 1B). Comparison
of curves of mean amplitudes of the reflexes as a function of stimulation frequency in the two series of ex-
periments shows that after blocking of the suprasinal structures the vasomotor reflexes were reduced in
amplitude. Nevertheless, even in spinal animals a threshold vasomotor reflex can appear in response to
stimulation at 0.25/sec. Pressor reflexes were observed with this frequency in 4 of 10 experiments. As the
frequency of stimulation increased, the amplitude of the reflexes became higher, to reach a maximum (mean
16 mm Hg) in response to stimulation at 4/sec. In two experiments the maximal reflexes were 34 and 37 mm
Hg. When stimulating the central end of the splanchnic nerve 30 min after division of the spinal cord,
Langley [11] observed a maximal pressor reflex of 33 mm Hg. When the frequency of stimulation exceeded
4/sec, the mean amplitude of the reflexes diminished,

In anesthetized animals with an intact brain, maximal simultaneous stimulation of A~ and C-fibers of
the mesentreric nerves is accompanied by facilitation in the central link of the arcs only if the frequency of
stimulation exceeds 2/sec [8]. The development of vasomotor reflexes in response to higher frequencies of
stimulation is thus determined by summation of excitation in the effector link, which is possible because of
inertia of the blood vessels.

These experiments showed that threshold vasomotor reflexes in animals with an intact brain and in
spinal animals arise in response to stimulation at the same frequency: 0.25/sec. This means that after dis-
gociation of spinal vasomotor neurons from supraspinal structures these neurons can still respond to sti-
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mulation by single pulses, Meanwhile, the decrease in amplitude of vasomotor reflexes in response to sti-

mulation of any freqeuncy is evidence of a reduction in the number of excited neurons or in the frequency of
their discharges. In other words, excitability of a certain proportion of internuncial or preganglionic neu-~

rone is lowered to such a degree that afferent volleys become subthreshold for them.

In most experiments on spinal animals, pressor reflexes reach a maximum when the frequency of sti-
mulation was 4/sec. Meanwhile, in animals with an intact brain, maximal reflexes developed in response to
stimulation at 8-16/sec (Fig. 2). This result agrees with those obtained by Lebedeva [2], inwhose experi-
ments maximal reflexes to stimulation of the mesenteric nerve in cats anesthetized with urethane developed
during stimulation at 10-20/sec.

It can be postulated that the maximum of the curve for the spinal animals is displaced because of
strengthening of inhibition, interfering with central summation. The presence of inhibition in spinal sym-
pathetic arcs was demonstrated by Perl and co-workers [10]. In their experiments, single stimulation of the
splanchnic nerve in spinal animals produced as an after-effect a lowering of excitability of preganglionic
neurons lasting for 200 msec. Hence it follows that vasomotor reflexes in spinal animals may reach their
maximum in response to stimulation of a frequency of about 5/sec. In fact, the number of preganglionic sym~
pathetic neurons in spinal cats excited by stimulation of A-fibers of somatic nerves is reduced if the fre-
quency of stimulation exceeds 4-10/sec [5].

Changes in vasomotor reflexes in spinal animals are thus probably determined by increasing inhibi-
tion in spinal arcs, Consequently, one of the important functions of supraspinal structures must be to de-
press spinal inhibition.
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