PHYSIOLOGY

EFFECT OF ELECTRICAL STIMULATICN OF THE MEDULLA
ON THE CARDIOVASCULAR, RESPIRATORY,
AND MOTOR SYSTEMS

K, A, Smirnov UDC 612.1+612,2+612,741-06:612,828,014.421

Stimulation of medullary structures under chronic and acute experimental conditions evokes
complex responses including cardiovascular, respiratory, and motor components. In un-
anesthetized dogs the arterial pressure was increased in response to stimulation of all
structures tested. Injection of hexobarbital in several cases converted pressor responses
into depressor. A decrease in the frequency of stimulation from 100 to 10 and 2 pulses/sec
was accompanied by disappearance or a marked diminution of the responses,

Most information on the functional organization of the vasomotor center has been obtained in anesthe-
tized or decerebrate animals, However, some investigations [1-3, 6-8, 10-12] have conclusively demon-
strated that the character and magnitude of the vasomotor reflexes and the action of direct stimulation of
ponto-medullary structures on the cardiovascular and somatic systems are dependent on anethesia and
decerebration. The writer has previously shown [4] that during electrical stimulation of medullary struc-
tures under chronic experimental conditions elevation of the arterial pressure and holding of the breath in
inspiration are most frequently observed.

In this investigation the effects of stimulation of bulbar structures on the cardiovascular, respiratory,
and motor systems were compared under chronic and acute experimental conditions.

EXPERIMENTAI METHOD

Electrodes were implanted in medullary structures of dogs weighing 8-12 kg, After the dogs had re-
covered, a second operation was performed, during which a polyethylene catheter filled with heparin in a
dilution of 1:3 and closed with a stopper was inserted into the central end of the carotid artery. The free
end of the catheter was brought out through an incision in the skin in the dorsal region. The experiments
began next day. During the experiments the dogs were kept in a special frame [13]. Medullary structures
were stimulated with square pulses with frequencies of 2, 10, and 100 pulses/sec, duration 1 msec, The in-
tensity and duration of stimulation depended on the animal's behavior. The arterial pressure was measured
by a "Barovar" electromanometer, and respiration was recorded by means of a pneumatic capsule, fixed
to the chest wall, and a photoelectric sensor element, Recordings were made on a "Cardiovar" ink-writing
instrument. Motor responses were assessed visually, After the end of the chronic experiment, an acute
experiment was performed under hexobarbital anesthesia (50 mg/kg), and when it was ended, the dog's
medulla was removed along with the electrode and fixed in 10% formalin solution. The sections were iden-
tified with the aid of the atlas of Lim et al., [9]. Altogether 50 experiments were performed on 12 dogs.

EXPERIMENTAL RESULTS

Stimulation of all test structures of the medulla under chronic and acute experimental conditions was
accompanied by the appearance of complex responses including cardiovascular, respiratory, and motor com-
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TABLE 1. Action of Electrical Stimulation of Medullary Structures on Cardiovascular, Respiratory, and

Motor Systems

Coordinates Chronic experiment Acute experiment
Structures (from atlas
of Limetal,| AP | P R motor Aap | p | r | Tmotor
(o) response response
Gigantocellular C6;3;4 + T 1 Cries + B I Opens
nucleus of mouth
reticular C6;4;5 + T I Holds out paw, + T I Holds out paw,
formation cries opens
‘ mouth
C7;4;9 + B I Holds out paw, - B I Holds out
becomes ab- paw
solutely still
C7;1,5,4 + T I General rest- - B I Opens
lessness mouth
Parvocellular C7:;5;4 + B I Turns head to + B I Turns head to
nucleus of the left the left
reticular C8;2;2 + B Q Opens mouth, + O I Holds out paw,
formation cries opens
mouth
C8;2,2;5 + T I Opens mouth, + 0] 1 Opens mouth,
turns head to turns head
the left to the left
Near nucleus C10;4;2 + T 1 Cries - B E Turns head to
of tractus the left
solitarius
Caudal pontine C3;2;2 + T I Inclines head - I I Turns head to
nucleus of forward ' the left
reticular
formation
Ventral nucleus C10;4;5,4 + T I Cries + T I Opens
of reticular mouth
formation
Inferior vesti- C7;5;2 + (@) Q Turns head to + I 1 Turns head to
bular nucleus the left, the left,
opens mouth opens
mouth
Accessory C9;4,5;2 + T S Cries - I Q Opens mouth
cuneate and closes
nucleus mouth

Legend; AP) arterial pressure; R) respiration; P) pulse; +) elevation of AP; ~) lowering of AP; B) brady-
cardia; T) tachycardia; O) no change in pulse; I) holding breath in inspiration; E) holding breath in expira-
tion; Q) quickening of respiration; S) slowing of respiration,

ponents. No isolated changes affecting the respiratory, cardiovascular, or motor systems were observed..
The complex character of these responses cannot be regarded as a stimulation artefact, due to the spread

of loops of current through adjacent nervous structures, because all components mentioned above were al-
ways represented even in response to electrical stimulation atethe threshold level. A response of this type

lies at the basis of the functional organization of the reticular formation of the brain stem.

In response to stimulation of bulbar structures in the chronic experiments the arterial pressures al-
ways rose, while respiration as a rule stopped in inspiration. Quickening of the heart rate was observed
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twice as often as slowing. Changes in arterial pressure, pulse, and respiration of this type were produced
by stimulation of both medial and lateral structures, in some cases (in response to stimulation of certain
parts of the gigantocellular nucleus, the accessory cuneate nucleus, and neurons in the immediate proxim-
ity of the spinal nucleus of the trigeminal nerve) anesthetizing the animals caused pressor responses with
tachycardia to change into depressor responses with bradycardia. Different opinions have been expressed
in the literature regarding the causes of this action of anesthetics. The most likely hypothesis is that of
Khayutin [5], according to whom a "demasking™ of the inhibifory component of physiological responses, which
exists also in waking animals, takes place under the influence of anesthesia. It must be remembered, how-
ever, that in some cases the chronic experimental conditions do not permit a precise answer to the ques-
tion whether the pressor responses are the result of direct stimulation of medullary structures or of the
animal's motor excitation. In this case square pulses of different frequencies and intensities were used

to stimulate the cardiovascular bulbar structures, In all experiments (both chronic and acute) lowering

the frequency of stimulation from 100 to 10 or 2 pulses/sec was accompanied by disappearance or consid-
erable diminution of the response,
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