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Soon after the areas of the bulbar reticular formation possessing facilitatory and inhibitory influences
had been described, experiments were carried out in which the higher formations of the mesencephalon and
diencephalon were found to possess analogous functions (1, 5, 6, 8, 10, 12, 15, 18].

Since the convergence which exists permits interaction between competing excitations at different
levels, it was necessary to verify whether the segmental reflexes could be influenced both by descending
excitation and by excitation ascending from the periphery, taking account of the data already obtained on
this question [3, 7, 19], indicating the influence of nociceptive stimulation on peripheral motor activity.

The object of the present investigation was to study the relationships between the descending inhibit-
ory influence of the mesencephalic reticular formation and segmental thermal nociceptive stimulation of
the hind limb using an extensor reflex (of the knee) as indicator.

EXPERIMENTAL METHOD

Experiments were carried out on 20 adult cats. Under Nembutal anesthesia (35 ing/ kg body weight,
intraperitoneally) the anterior crural nerve was dissected, the branch leading to the rectus femoris muscle
was divided, and its central end was placed on electrodes. By means of a capacitance detector, the move-
ment of the limb was recorded on a "Racia" ink-writing polygraph. The nociceptive stimulus was water at
a temperature of between 55 and 65°. The hair was cut from the contralateral hind limb relative to the re-
cording, and the limb was then immersed in a vessel of hot water. The subcortical structures were stimu-
lated by means of bipolar stainless steel electrodes, 1.2 mm apart, introduced stereotaxically into the
structures of the mesencephalon,

To obtain spinal animals, the spinal cord was divided at the level L,-L,.

The electroencephalogram (EEG), electrocorticogram (ECoG), the mechanogram, and respiration
were recorded.

EXPERIMENTAL RESULTS

Stimulation of the mesencephalic reticular formation with rectangular pulses of electric current (3~
8 V) caused a marked decrease in the amplitude of the knee jerk, which disappeared completely in some
experiments. At the same time, a decrease was observed in the amplitude of the respiratory movements
although their frequency was unchangéd; sometimes respiration ceased. With weak stimulation, when the
descending inhibitory effect of the mesencephalic reticular formation was not pronounced, changes were
observed in the respiratory component of the reaction.

So far as the ascending influences of the reticular formation on the cerebral cortex are concerned,
with anesthesia of average depth, as a rule they took the form of a desynchronization reaction (low-ampli-
tude, high-frequency activity).

A higher temperature modified the motor activity causing inhibition of the knee jerk which continued
for some time after nociceptive stimulation had ceased. In some cases the changes in motor activity oc-
curred in phases: an initial facilitation was followed by inhibition of the knee jerk.
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Fig. 1. Changes associated with the combined action of stimulation
of the mesencephalic reticular formation and nociceptive stimula-
tion. From top to bottom: respiration; mechanogram; ECoG of left
frontal and temporal areas of the cortex; EEG of right frontal, tem-
poral, parietal, and occipital areas of the cortex; marker of stimu-
lation of the mesencephalic reticular formation and of the action of
the nociceptive stimulus (black line). Stimulation of the reticular
formation by a current of 5 V, with frequency 300 cps and pulse
duration 0.1 msec; nociceptive stimulation — water at a temperature
of 60°.

Besides its peripheral action, nociceptive stimulation also affected the higher levels of the central
nervous system, modifying the cortical electrical activity, leading to disappearance of the characteristic
spindles of Nembutal anesthesia and to the appearance of high~frequency, low-amplitude activity, continu-
ing for some time after stimulation had been discontinued. The changes in respiration consisted of a
gradual increase in the amplitude of the respiratory movements and, at the same time, an increase in their
frequency.

The interaction between the inhibitory effect of the mesencephalic reticular formation and nociceptive
stimulation is shown in Fig. 1. Deepening of the inhibition of the knee jerk, changes in the cortical elec-
trical activity, and changes in the animal's respiration, which changes its "reticular" character for "noci-
ceptive,” may be observed.

Intramuscular injection of chlorpromazine (5 mg/kg body weight) modified the effects of the mesen-
cephalic reticular formation and of nociceptive stimulation in different ways. In this dose, chlorpromazine
blocked the action of nociceptive stimulation, but to abolish the inhibitory effect produced by stimulation of
the mesencephalic reticular formation, a larger dose of chlorpromazine had to be given.

Nociceptive stimulation caused inhibition of the polysynaptic extensor reflex both in animals with
low transection of the spinal cord and in intact animals (Fig. 2b). This reaction appeared approximately
15 min after transection of the spinal cord. In two of the seven animals, presumably on account of the con-
siderable trauma, in response to nociceptive stimulation the motor reaction was completely absent. In the
other animals inhibition of the extensor reflex was complete or partial. Intramuscular injection of chlor-
promazine (5-7 mg/kg) abolished the inhibitory action caused by nociceptive stimulation in its various
manifestations (Fig. 2c).

When examining the effects of stimulation of the mesencephalic reticular formation and of nociceptive
stimulation, like other investigators [2, 4], the author observed that the difference in their effects extended
to all parts of the nervous system including the cortex. So far as their effects on peripheral motor activity
are concerned, in the present experiments inhibition of the polysynaptic extensor reflex was found. The
additional application of nociceptive stimulation, despite the width of its effects, did not change the inhibi-
tory action of the parts of the mesencepahlic reticular formation on the segmental reflexes.
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Tig. 2. Effect of chlorpromazine on the inhibitory action of noci-
ceptive stimulation in spinal animals. a) Action of nociceptive
stimulation before division of the spinal cord {temperature 60°;
b) action of nociceptive stimulation after division of the spinal
cord (temperature 60°), Absence of changes in respiration with
maintenance of inhibition of the extensor reflex; c) absence of
effect of nociceptive stimulation on the extensor reflex after in-
tramuscular injection of chlorpromazine (7 mg/kg body weight).
a~-¢ (from top to bottom): respiration, mechanogram, stimulation
marker,

Inhibition of the polysynaptic extensor reflex during the action of nociceptive stimulation was more
sensitive to chlorpromazine than the inhibition produced by descending impulses from the inhibitory por-
tions of the mesencephalic reticular formation. The results of experiments on animals with low transec-
tion of the spinal cord show that chlorpromazine can produce its effect also at the spinal level. This pos-~
sibility was indicated by earlier investigations [14, 17]. In the most recent work [9, 11] it has been sug-
gested that the most probable point of application of chlorpromazine is the internuncial neurons sensitive
to the action of noradrenalin, The mechanism of action of nociceptive stimulation is evidently adrenergic
in nature not only at the supraspinal, but also at the spinal level. The lower sensitivity of the descending
inhibitory influences of the mesencephalic reticular formation fo chlorpromazine may be explained by the
more varied pathways which they follow [13, 18].

LITERATURE CITED

1. A.S. Amatuni, Abstracts of Scientific Proceedings of the 10th Congress of the I. P, Pavlov All-
Union Physiological Society , Moscow~Leningrad (1964), Vol. 2, No. 1, p. 37.

P. K. Anokhin, in the book: 1. S. Zhorov, General Anesthesia in Surgery, Moscow (1959}, p. 38.
A. P, Vereshchagin, Trudy Izhevsk, med. Inst., 15, 23 (1954).

S. M. Dionesov, Pain and Its Effect on Man and Animals, Moscow (1963).

V. G, Zilov, Fiziol. Zh. SSSR, No. 2, 190 (1985).

8. E. Rudashevskii, in the book: The Nervous System, Leningrad (1963), No. 4, p. 101.

Yu. P. Fedotov, Byull. éksp. Biol., 25, No. 4, 273 (1948).

G. M. Austin, Ass. Res. Nerv. Dis. Proc., 30, 196 (1952).

T. J. Biscoe, D. R. Curtis, and R. W. Ryall, Int. J. Neuropharmacol., 5, 429 (1966).

.

W -3 O U1 W o

925



10.
11.
12,
13.
14.
15.
16.
17.
18.
19.

926

C. Mc. Brooks, K. Koizumi, and A. S. Siebens, Am. J. Physiol., 184, 497 (1956).

I. Engberg and R. W, Ryall, J. Physiol. (London), 185, 298 (1966).

F. Kleyntiens, K. Koizumi, and C. Mc. Brooks, Arch. Neurol. Psychiat., 73, 425 (1955).
K. Koizumi, J. Ushiyama, and C. Mc. Brooks, Jap. J. Physiol., 9, 292 (1959).

W. Kozak, W. Macfarlane, and R. Westerman, Nature, 193, 171 (1962).

K. Sasaki, A. Namikawa, and S, Hashiramoto, Jap. J. Physiol., 10, 303 (1960).

K. Sasaki, T. Tanaka, and K. Mori, Ibid., 12, 45 (1962).

F. J. Schulte and H. D, Henatsch, Pflug. Arch. ges. Physiol., 268, 65 (1958).

I. Suda, K. Koizumi, and C. Mc. Brooks., J. Neurophysiol., 21, 113 (1958).

L. Thompson and E. Gellhorn, Proc. Soc. Exp. Biol. (N.Y.), 58, 105 (1945).



