EFFECT OF RADIAL ACCELERATION ON THE TERMINAL
BLOOD VESSELS

V. G. Kupriyanov, V. G. Petrukhin, UDC 612.13.014.477-063
and N. G. Dimitrov .

In dogs trained to undergo exposure to radial acceleration of a centrifuge and to the action of maximal
tolerable overloads, dilatation of the venules and of the blood and lymphatic capillaries and a decrease in
the distance between valves of the lymphatics of the diaphragm, pericardium, and kidney capsule were ob-
served. All these changes disappeared after 3-4 days. No morpholocrlcai disturbances were found in the
investigated blood vessels. In some cases hypertrophy of muscle fibers of the precapillary sphincters was
observed in dogs which had undergone training.

* * *

In animals exposed to intensive radial acceleration, hemorrhages and marked structural disturbances
develop in the heart, lungs, liver, adrenals, and other organs 3, 5, 6], and also in the walls of blood vessels
2,7, 8].

In this investigation we studied 'changes in the terminal blood vessels of dogs exposed to radial ac-
celerations.

EXPERIMENTAL METHOD

The state of the intramural blood vessels and lymphatics of the pericardium, the fibrous capsule of
the kidney, and the diaphragm with the pleura and peritoneum lining it, was studied by impregnation of the
preparations with silver nitrate [4], This method, unlike the injection method of revealma blood vessels,
does not produce artifical changes in the vascular pattern.

Tissues of 47 adult male dogs, 24 of which had been trained on a centrifuge by V. L. Stepantsov's
scheme [8], were investigated. Training was carried out on alternate days. To detect the effect of training,
before and after the experiment the maximal tolerable overload for each dog was determined, i.e., the
overload under the influences of which the duration of the cardiac pause was increased to twice its initial
value [1}. Twelve dogs subjected only to maximal tolerable overloading and 7 intact animals were used
as controls. Besides these, the organs of 4 dogs rotated on the centrifuge until the appearance of grouped
extrasystoles, i.e., beyond the 1imit of tolerable overloading, also were investigated. One of these dogs
developed ventricular fibrillation when the centrifuge was stopped, and died. The dogs were killed with
ether vapor at various times (30 min, 1, 3, and 7 days) after exposure to overloading.

EXPERIMENTAL RESULTS

Hemorrhages. of considerable size were found during macroscopic investigation in the lungs and

. beneath the endocardiam of theleft ventricle only in cases when the dogs had been exposed to overloads ex-

- ceeding the upper limit of tolerance. No macroscopic changes were found in any of the other experiments,
with the exception of congestion of the dorsal diaphragmatic portions of the lungs in animals sacrificed

'30 min after the end of spinning.

The capillary network, arterioles and venules, the blind beginnings of lymphatic capillaries, and
many lymphatic vessels of different caliber, equipped with valves, could be clearly seen on preparations
impregnated with silver. Numerous arteriolo-venus anastomoses were found in the vascular system of the
pericardium and, in particular, in the fibrous capsule of the kilney.

Department of Normal Anatomy, N. I. Pirogov Second Moscow Medical Institute (Presented by Active
Member of the Academy of Medical Sciences of the USSR A. P. Avtsyn). Translated from Byulleten® Eks-
perimental'noi Biologii i Meditsiny, Vol. 66, No. 9, pp. 113-116, September, 1968, Original article sub-
mitted June 26, 1967.
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Fig. 1. Photomiorograph.' Congestion of lymphatic
capillary in pericardium (dog sacrificed 26 min aftex
overloading). Impregnation with silver, 48%,

Fig. 2. Photomicrograph. Microvaricose dilatations
of precapillaries in tendinous center of diaphragm
(dog sacrificed 12 min after overloading). Impreg-
nation with silver, 120x,

Untrained dogs exposed to maximal tolerable overloading were characterized by marked congestion
of the capillaries and veins with blood, and also by marked lymphostasis in the substance of the pericar-
dium, peritoneum, and fibrous capsule of the kidney (Fig. 1). Microvaricose dilatations were found in the
arterioles of the-tendinoiis center of the diaphragm (Fig. 2), the diaphragmatic peritoneum, and the fibrous
pericardium (Fig. 2). The diameter of the varicose ar:eriole or precapillary was three times greater than
normal (55 ¢ compared with 18 ¢ outside the region of dilatation}. The caliber of the capillaries increased
to 18-19 4 compared with a normal value of 8,3-12.4 ¢ . The distance between venulae comitantes was re-
duced to 40 ¢ from a normal 120 p (Fig. 3), so that the anastomoses between the venae comitantes were
shorter and wider.

Changes in the lymphatics were particularly distinct. Their congestion with lymph produced a weil-
marked beading of their outline and stretching of their walls. Measurement of the intervals between the
valves showed that the mean distance between them decrease relative to the caliber of the vessels as a
result of overloading, and the valves appeared to be closer together. This index for the lymphatics from
37 to 150 i in diameter was 463.84 +23.36 for the experimental dogs and 870.61 * 33.13 for the controls.
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Fig. 3. Photomicrograph. Fibrous capsule of kidney.
Dilatation of venae comitantes as a result of conges-
tion with blood (dog sacrificed 24 h after overloading).
Impregnation with silver, 48x,

The results indicate a higher coefficient of elasticity of the walls of the lymphatics in width compared with
their elasticity in length.

The most marked changes were observed in animals sacrificed 30 min after overloading. in dogs

_ sacrificed 3-7 days after exposure the signs of stasis had disappeared, the microvaricose dilatations of
their arterioles and veins had disappeared, and the normal state of the lymphatics was restored. No
Structural disturbances in the vessel walls were found, even in animals exposed to overloads exceedingé .
the upper limit of tolerance, although the signs of stasis in these dogs were very marked.

In animals systematically trained on the centrifuge, overloads not exceeding the upper limit of toler-
ance and following training caused no significant changes in the terminal blood vessels of the pericardium,
fibrous capsule of the kidneys, and diaphragm, such as were found in the untrained dogs. In animals trained
on the centrifuge and sacrificed 30 min after the end of the experiments,signs of congestion ofthe lymphatics
and venules were dominant and changes in capillaries and, in particular, in the arterioles were less marked,
in contrast to the findings in untrained dogs. In trained dogs sacrificed 3 days after the end of spinning,
dilated lymphatics and venules could still be found. Meanwhile in animals sacrificed 3 and 7 days after
spinning, signs of spasm of arterioles and even of hypertrophy of the muscle fibers in their walls could
sometimes be seen, which never happened in untrained dogs.

The results of investigation of the microcirculation of the internal membranes of dogs trained on a
centrifuge and of untrained animals, after exposure to radial accelerations at the upper limit of tolerance
demonstrate that, despite considerable disorders of the general hemodynamics inevitably arising during
the action of overloads, the morphological changes in the blood vessels do not extend beyond the bounds
of normal physiological adaptability..
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