MORPHOLOGICAL AND FUNCTIONAL CHANGES IN THE ADRENERGIC INNERVATION
OF THE CEREBRAL ARTERIES AFTER BILATERAL ELECTRICAL STIMULATION
OF THE LOCUS COERULEUS

K. G. Tayushev, A. P, Pugovkin, UDC 616.133.33-018,86-02:
E. A. Dergacheva, and V. M, Klimenko 615,844,032.81

KEY WORDS: cerebral arteries; locus coeruleus; cerebral circulation.

A large part of the intramural nervous apparatus of the cerebral arteries has been shown
[3, 10] to consist of adrenergic fibers and endings, which have their source in certain brain-
stem nuclei. Nevertheless, this feature, so important from the morphological standpoint,
correlates only weakly with data on the role of the neurogenic component in the regulation of
the cerebral circulation [2, 4, 6, 7]. This disagreement is largely attributable to the in—
adequate number of morphological and functional investigations which have been undertaken to
test the effect of various influences on the intracranial sources of innervation of the cere-
bral vessels. Yet investigations of this kind are important to study the state of the nervous
apparatus of the blood vessels under clinical conditions, for example, in severe lesions of
the CNS accompanied by disturbances of the cerebral circulation [7].

Among the brain-stem nuclei that participate in the adrenergic innervation of the cere-
bral arteries [3, 4] the nuclei of the logsus coeruleus (NLC) are particularly interesting.
We know that they consist mainly of adrenergic neurons, innervating the intracerebral arter-
ies [14, 15], which exert an influence on the cerebral blood flow. However, the functional
role of these neurons, as well as the representation of their processes and endings in the
region of the arteries of the circle of Willis have been inadequately studied [1, 8, 11, 13].
The causes of the inconsistency of the changes in the local blood flow, certain biochemical
parameters of the circulation, and also catecholamine levels in different parts of the brain
in response to stimulation of NLC still remain unexplained [1, 8, 9, 12}.

In this paper we analyze the morphological and functional states of adrenergic structures
of the intramural nervous apparatus of the basilar and cerebral arteries during electrical
stimulation of NLC in chronic experiments.

EXPERIMENTAL METHOD

Adrenergic nervous structures were studied in the proximal fragments of the basilar and
the anterior, middle, and posterior cerebral arteries, and also the pial vessels on the basal
surface of the medulla of 19 adult chinchilla rabbits. Bilateral electrical stimulation' of
NLC with square pulses of current (0.05 mA, 1 msec, 50 Hz) was applied through stereotaxially
implanted unipolar nichrome electrodes with a diameter of cross section of 200 u. The loca-
tion of the electrode tip corresponded.to coordinates: P = 19.0 mm, H= 9.0 mm, L = 1.1 mm.
According to the results of histological verification, the uninsulated electrode tips were
located as a rule in the rostral part of the nuclei to be tested (stereotaxic operations were
performed in the Department of General Pathology and Pathophysioclogy, Institute of Experimen-
tal Medicine, Academy of Medical Sciences of the USSR. The authors are grateful to Candidate
of Biological Sciences I. P. Tsvetkova for hishelp withthe histological verification of the
position of the electrodes). The experimental group consisted of seven rabbits, control
group 1 (intact animals) of six rabbits, control group 2 (with electrodes in NLC, without
stimulation) of five rabbits, and eight and two rabbits respectively underwent mock opera-
tions. Daily stimulation of NLC for 1 h began 1 week after the stereotaxic opera-

tion. Five of the seven rabbits received 3-5 sessions of stimulation, and the other two re-
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Fig. 1. Adremergic nerve structures of anterior (a, ¢) and mid-
dle (b, d) cerebral arteries in experimental rabbits (five ses-

sions of stimulation) (a, b) and intact rabbits (¢, d). Magnifi-
cation 60x%,

ceived 10 sessions each. Each experimental animsl was brought out of the experiment along with
the controls. Adrenergic nerve structures were demonstrated by means of a 27 solution of gly~
oxylic acid in isotonic incubation medium (20% sucrese) and studied under the LYUMAM I-2 mi-
croscope. The density of distribution of the fibers in the composition of the vascular nerve
plexuses was estimated with the aid of an ocular grid [5] and the concentrations of cgtechol-
amines by the intensity of luminescence of the varicose expansions, measured by an FMEL-1
cytophotometer. The density of distribution of the fibers was determined on the basis of
measurements in 20 small squares of the ocular grid (at 64 points in each square) and the in-
tensity of luminescence was estimated on the basis of 50 measurements in the region of each
vessel. The results were expressed as percentages of the control. The data were subjected

to statistical analysis by Student's paired t test. Differences were considered to be signif-
icant at the P < 0.05 level.

EXPERIMENTAL RESULTS

The cerebral vessels of the experimental and control animals contained intramural adre-
nergic nerve plexuses, whose architectonics agreed completely with data in the literature [3,
4, 10], Preliminary visual assessment of the material showed that besides clearly distinguish-
able, brightly luminescent fibers, thin fibers, mainly oriented transversely, with an extremely
indistinct luminescence, were constantly present in the compesition of the plexuses. The lat-
ter could be definitely diagnosed only under high power (90) of the microscope. These fibers
with weak activity were mainly observed in the experimental animals, less frequently in the
animals of control group 2. The opposite relationship:held good for the more active, brightly
luminescent fibers. On the whole, under average power of the microscope (40), which was used
for the quantitative investigation, adrenergic plexuses in the experimental animals appeared
to be denser (Fig. 1).

On the basis of this observation, even before the quantitative estimations, it could be
concluded that the procedure of insertion of the electrodes, as well as the mock operation
(no differences were observed after these procedures), led to a decrease in density of the
catecholamine-saturated adrenergic nerve structures., This conclusion was subsequently confirmed
quantitatively. The density of arrangement of the fibers in control 2 was 6.4 * 2.5% less than
in control 1, and there was a simultaneous decrease in the intensity of luminescence of the
remaining fibers of about 30%. .

The density of distribution of nerve fibers in the experimental animals was 28.2 + 1.5%
greater than in control 2, and it was also higher than in control 1, i.e., in intact rabbits
(Fig. 2). Meanwhile the intensity of luminescence cf the varicose expansions in most cases
showed opposite changes, whereas in the adrenergic plexuses of the basilar and middle cerebral
arteries it showed a tendency to decrease. The maximal value of the decrease in luminescence
in the basilar artery relative to control 2 was 34.2 # 3.3%, and in the middle cerebral artery
31.6 + 1.9%. A similar phenomenon also was observed in the nerve plexuses of the pial vessels
in the territory supplied by the basilar artery (Table 1).

Stimulation of NLC thus leads to redistribution of catecholamines in nerve fibers and
endings composing the intramural plexuses of the basilar and cerebral arteries, as is shown
by increased activity of an additional number of adrenergic nerve structures of all the blood
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Fig. 2, Density of distribution of adrener-
gic nerve fibers in plexuses of basilar. and
cerebral arteries (in %) of rabbits with im~
planted electrodes (1) and experimental an-
imals (2).

TABLE 1. Changes in Intensity of Lumines-
cence of Adrenergic Nerve Fibers in Response
to Stimulation of NLC

Differs
. Decrease ences
Test object Increase not sig-

nificant

Basilar artery . -
Posterior cerebral artery
Middle cerebral artery
Anterior cerebral artery

Pial vessels
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Legend. Numbers indicate number of animals.

vessels studied, associated with a decrease in the specific content of mediator in the fibers
of the basilar and middle cerebral arteries. The results shed light on the mechanism of the
constrictor response; described in the literature, recorded as changes in the systemic arter-
ial pressure and total cerebral blood flow during electrical stimulation of NLC [1, 6]. The
effects described in the publications cited above do not depend on desympathization, so that
the reactive changes in the nervous apparatus of the cerebral vessels investigated can be
linked with direct influences from NLC. Information on the dynamics of the catecholamine
concentration in nerve fibers in different parts of the circle of Willis at the base of the
brain is particularly interesting. For instance, a decrease in the specific content of cate-
cholamines in fibers of the basilar and middle cerebral arteries enables the cause of the in-
crease in the local blood flow in the parietal cortex and hypothalamus against the background
of integral constriction of the vascular bed of the brain in response to stimulation of NLC
and structures adjacent to them, to be explained [1, 12]. A similar, although weaker tenden-
cy also is found in the nervous apparatus of the pial vessels in the territory of distribution
of the basilar artery. It can be tentatively suggested that the redistribution of catecholam-
ines demonstrated by the writers is a manifestation of a unique kind of compensatory reaction,
which partially or completely masks the constrictor effect of stimulation of NLC, which has
led some workers to deny that the latter has a role in the regulation of the intracranial he-
modynamics {9]. The agreement between our own results and the biochemical data indicating
changes in the catecholamine content in the corresponding brain regions during stimulation of
NLC [8] is worthy of attention. As a result of this, the changes discovered in this investiga-
tion can be 'linked with local vascular responses.
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Silicosis is an occupational disease that develops through exposure to industrial aero-
sols containing quartz. The treatment of silicosis is an important problem in occupatienal
medicine. Theoretical, clinical, and experimental data [1-3,5] relating to the search for
agents with which to treat silicosis show that as yet no sufficiently effective remedies free
from side effects have been found. During the development of fibrosis of the lungs under the
influence of dust, synthesis of collagen and proteoglycans and the formation of collagen fi-
brils are stimulated. Proteoglycans form intermolecular bonds in collagen, regulate fibrillo-
genesis, and give the collagen fibers their stability [8]. Hyaluronidase (EC 3.2,1.35) de-
polymerizes glycosaminoglycans [4], and this may lead to regression of fibrosis. Many years
of experience of the use of native hyaluronidase in clinical practice has shown that the en-
zyme is effective only if applied locally [4]. On parenteral administration its activity is
low, evidently because the body contains many inhibitors. Attempts have been made to increase
the stability of the enzyme under physiological conditions by covalent binding to N-hydroxy-
polyethylenepiperidine [6]. However, because of the toxicity of the matrix, this preparation
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