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Experiments on noninbred albino rats showed changes in the catecholamine metabolism in
ascending tetanus. In the early stages of the action of the toxin (24 h) these changes con-
sisted of increased liberation of catecholamines into the blood stream and their increased
entry into the tissues, In the late stages (4th day) a marked disbalance was observed in the
catecholamine metabolism, with gradual exhaustion of their reserves, a marked decrease in
the content of catecholamines in the adrenals and heart, and a further increase in the adrenalin
content in the hypothalamus.

Analysis of the pathogenic features of tetanus have led to the conclusion [3] that the autonomic nervous
system is implicated in the pathological process in this disease, and that this may be a highly important
factor in the general pathogenesis of the disease, with an important bearing on its outcome. A number of
clinical observations [6-8] indicate the possibility of onset of hyperactivity of the sympathetic nervous sys-
tem in tetanus,

For the reasons described above, it is extremely important to determine the state of catecholamine
metabolism in tetanus, This problem has been studied using ascending tetanus as the model.

EXPERIMENTAL METHOD

Experiments were carried out on noninbred male albino rats weighing 250-280 g, Tetanus toxin was
injected in a lethal dose, in a volume of 0.2 ml, into the left gastrocnemius muscle, Features of local teta-
nus were observed in the animals 24 h after its injection (when catecholamines were determined for the
first time), and on the 4th day (the second determination of catecholamines) — the animals showed general-
ized ascending tetanus with the "universal forwarding station" phenomenon (3], spontaneous convulsions,
general rigidity, etc. The animals died on the 5th day.

Estimations were made of the concentrations of adrenalin (A), noradrenalin (NA), DOPA, and nor-
metanephrine (NMN) in the adrenals, blood, heart, and hypothalamus. The content of A, NA, and DOPA was
determined by a fluorometric method with slight modifications [4, 5], and the content of NMN by the method
described by Matlina et al. [4]. Each series consisted of 8 experiments, and in each experiment four rats
(two experimental and two control) were used. Combined determinations were made on pieces of tissue of
equal weight and in equal volumes of blood serum. Rats receiving injections of the foxin, inactivated by
boiling, were used as the controls. The concentrations of the above substances were also determined in
the organs of intact animals (normal). The animals were killed by decapitation.

EXPERIMENTAL RESULTS

The experimental results are given in Table 1,
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They show that the concentrations of the tested substances were not significantly different in the con-
trol animals and in the normal series. Consequently, injection of inactivated toxin caused no significant
changes in the state of the catecholamine metabolism. Nevertheless, remembering that the content of
catecholamines may fluctuate as a result of many factors, their changes in tetanus must always be com-
pared with changes in control animals receiving inactivated toxin at the same times, and kept under the
same conditions as the experimental animals, and sacrificed simultaneously with them.

During the development of tetanus, marked changes were observed in catecholamine metabolism. An
increased output of A into the blood was observed 24 h after injection of the tetanus toxin (the A level in the
blood was increased by 100%), and the content of NA in the adrenals also was increased. On the 4th day of
poisoning the content of A and NA was considerably reduced, by four and three times, respectively. The
concentration of these substances in the blood was not significantly changed, evidently because the increased
liberation was accompanied by increased utilization of these substances by the tissues,

The change in the content of catecholamines in the heart in tetanus indicates their increased metab-
olism in the myocardium, In the early stages of poisoning (24 h after injection of the toxin), a marked
increase in the A content in the heart was observed, indicating increased arrival of catecholamines in the
myocardium from the blood. At the same time, the decrease in DOPA content in the heart and the marked
increase in the content of NA and NMN suggest changes in the synthesis and breakdown of catecholamines
in the myocardium at this stage of the disease. In the late stage of poisoning, during generalized ascend-
ing tetanus, there was a marked decrease in the content of all test substances in the myocardium. This
could have been due, on the one hand, to a decrease in the amount of catecholamines produced in the ad-
renals, or on the other hand to a disturbance of their synthesis in the myocardium itself,

In the hypothalamus 24 h after injection of the toxin no significant changes were found in the cate-
cholamine content, but there was a marked tendency for the concentrations of A, NA, and DOPA to rise,
On the 4th day the content of A was considerably (by almost 100%) increased, while the content of NA was
equally considerably reduced, and the content of DOPA was raised. The increase in the content of A in the
hypothalamus at this stage of the pathological process can be regarded as the result of an increase in perme-
ability of the blood-brain barrier to A and an increase in the arrival of A in the hypothalamus from the
blood stream. The decrease in content of the catecholamines recalled the response characteristic of dif-
ferent types of stress [1, 2],

Changes discovered in the content of A, NA, DOPA, and NMN suggest that in tetanus the sympathetic
nervous system is intensively implicated in the pathological process. Changes in the catecholamine metab-
olism in various organs are found in the early stages of the disease, and at this period they are marked
by increased functional activity of the sympathetic nervous system. In the late stages a definite imbalance
is observed in catecholamine metabolism in the various organs, with gradual exhaustion of the adrenergic
reserves. The decrease in the catecholamine and DOPA content was particularly marked in the myocar-
dium, probably in connection with the clinically familiar disturbance of cardiac activity in the late stages
or during a protracted course of tetanus [6, 7, 8]. Evidently changes in the catecholamine content in the
hypothalamus are of considerable pathogenetic significance; they may be associated with the development
of autonomic syndromes in tetanus [6-8].

The mechanisms of the changes discovered are apparently highly complex. An essential factor in
their development must be the severe stress observed in the late stages of the disease, both on its own ac-
count and in combinations with the syndrome of convulsions and increasing hypoxia, periodic attacks of
asphyxia, and so on. The results of investigations carried out simultaneously with this study showed that
in another type of stress (a severe pain syndrome due to injection of tetanus toxin into the posterior horns

" of the spinal cord, in which convulsions are absent), considerable changes were observed in catecholamine
metabolism, with exhaustion of the adrenals in the late stage and death of the animals with manifestations
of pain shock and paralysis of the heart. However, the possible role of the tetanus toxin itself or of changes
directly induced by it, in the disturbance of activity of the sympathetic nervous system and of catechol-
amine metabolism is not yet clear, This possibility cannot be ruled out, and indeed it seems likely [3, 6-8],
although there is no direct evidence as yet to confirm this hypothesis.

Whatever the mechanisms of the changes discovered, they are highly important in the general path-
ology of this disease and they must be taken into consideration in the combined treatment of tetanus.
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