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The importance of unraveling the mechanisms by
which hydrogen sulfide-containing gases act on liv-
ing organisms stems from the fact that hydrogen
sulfide is highly active both chemically and biolo-
gically and can cause serious aind even irreparable da-
mage to various organs and systems of the body [2,5].
Although the deleterious effects of hydrogen sulfide-
containing gaseous mixtures have been under study
for a long time, there is still no agreement among
investigators as to how such mixtures act on the
vital systems, including the respiratory and cardiovas
cular systems. In fact, the available information
about the mechanisms of the damaging action of na-
tural gases on these systems is rather fragmentary.

In this study, we measured parameters of pul-
monary hemodynamics and respiration in cats in-
haling gaseous mixtures with relatively low concen-
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trations of the hydrogen sulfide-containing gas from
the Astrakhan condensed gas deposit.

MATERIALS AND METHODS

The study was carried out on 19 nembutal-anes-
thetized (35 mg/kg i.p.) random-bred cats of both
sexes 2-4 kg in weight. Rectal temperature was
measured in the cats at the start of the tests and
then maintained close to the initial level (£0.5°C)
throughout the study period by means of an ¢lec-
tric heater. Tracheotomy was performed at the level
of the upper third of the trachea; systemic arterial
pressure (AP) was measured via a cannula inserted
into the femoral artery. In the course of the study,
AP, heart rate, breathing rate, and minute volume
were recorded with a Russian-made MKh-01 poly-
graph. Oxygen tension in arterial blood (p0O,) and
its reactions (pH) were recorded continuously us-
ing a DS67101 flow-through cuvette that contained
fixed electrodes and was thermostatically controlled
at 37.5°C with a VTS-136 thermostat. Oxygen
tension was determined with an E-5046 electrode
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Fig. 1.

Effect of hydrogen sulfide (250 mg/m3 on pulmonary hemodynamics and ventilation in an anesthetized cat breathing

spontaneously. From the top down: heart rate, beats/min; systemic arterial pressure, mm Hg; minute volume, ml/min; breathing
rate, breaths/min; pneumotachogram (inspiration); time marks (min). The two amrows indicate the beginning and end of gaseous

mixture supply.

in work environments is 15 mg/m?, which is 1.5-
fold higher than the maximum permissible concen-
tration (MPC) adopted for this gas in Russia.

In spontaneously breathing cats, a gaseous
mixture containing 250 mg/m? H,S did not cause
substantial changes in the ventilatory parameters
(Table 1 and Figs. 1 and 2), although by minute
30 of exposure the systemic AP had decreased and
a tendency toward an increased heart rate was
observed, possibly reflecting the developing reflex
tachycardia directed at the maintenance of AP. In
artificially ventilated cats with pneumothorax (Tab-
le 1 and Fig. 3), an appreciable reduction of the pul-
monary AP had already occurred by minute 15 of
inhalation, together with a marked reduction of the
systemic AP and decreases in the heart rate and
minute volume, although blood flow in the lower
lobar artery of the left lung had not diminished.

In general, the comparison of the effects of H,S
in spontaneously breathing and artificially ventilated

cats showed that in the latter cats cardiovascular distur-
bances developed more rapidly than in the former
and no signs of compensation were in evidence.

In spontaneously breathing amimals, optimal
ventilation-perfusion relationships can probably be
maintained both through alterations in pulmonary
ventilation and owing to adequate perfusion of the
lungs, so that the overall load on the systems
regulating respiration and circulation is alleviated.
In animals on artificial respiration, during which
the ventilatory regimen is rigidly fixed, the venti-
lation-perfusion relationships can only be regulated
through alterations in the pulmonary hemodynam-
ics, which increases the overall load on the car-
diovascular system, thereby diminishing its capac-
ity for adaptation.

In several tests, parameters of the oxygen re-
gime were also registered for arterial blood in ad-
dition to those of external respiration and hemo-
dynamics. A quantitative analysis of these experi-
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Fig. 2.
spontaneously. Same designations as in Fig. 1.

mental data showed marked changes of the arte-
rial blood reaction (pH) toward acidosis in artifi-
cially ventilated cats inhaling gaseous mixtures with
various H,S concentrations. It is noteworthy that the
rate of blood acidification (drop of pH) in such
cats was directly proportional to the H,S concen-
tration in the inhaled gaseous mixture. This is not
surprising given that H,S gas converts to a weak
acid by dissolving in water, which results in an el-
evated hydrogen ion concentration in the solution.

In spontaneously breathing cats, not only the
acidification rate in arterial blood but also the di-
rection in which its reaction was changed were
found to depend on how much H,S the inhaled
gaseous mixture contained; at relatively low con-
centrations (up to 250 mg/m*® H,S), a shift toward
alkalosis was usually observed. Analysis ofthe
oxygen regime in the arterial blood of artificially
ventilated cats showed that low H,S concentrations
did not elicit changes in oxygen tension.

Effect of hydrogen sulfide (250 mg/m?® on pulmonary hemodynamics and ventilation in another anesthetized cat breathing

It should be mentioned that bradycardia and
cardiac arrest in animals intoxicated with H,S were
first observed nearly a century ago, as were
biphasic changes in AP - an initial rise followed
by a fall to zero [6]. Much more recently,
triphasic rather than biphasic changes of AP were
found to occur .in humans inhaling this gas: a
pressor phase, a depressor phase, and a phase of
recovery [3,4]. As regards respiration, the initial
respiratory arrest under the action of H,S has been
found to be followed by a resumption of respira-
tory movements, though in a pathological form
(Cheyne-Stokes respiration) [7]. Other authors,
however, have reported initial increases in the fre-
quency and amplitude of respiratory movements
followed by their inhibition [1,8].

In our studies, the regulation of respiratory
and cardiovascular functions appears to have been
impaired in some of the cats acutely exposed for
up to 100 min to H,S concentrations of 200-250
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Fig. 3.

Effect of hydrogen sulfide (250 mg/m?®) on systemic and pulmonary hemodynamics and on ventilation in an anesthetized

and artificially ventilated cat with pneumothorax. Same designations as in Fig. 1.

mg/m?. Some disturbances of regulation were
present in a latent, compensated form, but com-
pensatory reactions only occurred in animals in-
haling gaseous mixtures with low to medium H,S
concentrations and, moreover, were incomplete
because of the acidosis developing in the arterial
blood.

In animals that had been inhaling gaseous
mixtures in which the H,S concentrations were not
high, the abnormalities in vital functions were
usually reversible and disappeared some time after
the discontinuation of exposure. This time was
comparable to the duration of exposure that had
caused the observed abnormalities.

In conclusion, this study, in which several
parameters characterizing the functioning of vital

systems such as the respiratory and circulatory
systems were recorded simultaneously in anesthe-
tized cats breathing spontaneously or ventilated ar-
tificially, has enabled us to detect signs of im-
paired activity of these systems caused by the in-
halation of hydrogen sulfide-containing gaseous
mixtures.
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Since the condition of the oral mucosa and perio-
dontium depends on the level of secretion by the
salivary glands, the question arises as to how they
interact. It has been shown that altered levels of
catecholamines, mainly norepinephrine, in saliva
are often associated with periodontitis, caries,
aphthous stomatitis, and other oral diseases [2,4,5].
Severe disorders of salivation occurring in various
forms of sialadenitis are frequently linked with
abnormalities of the oral mucosa.

This study was undertaken to assess how cat-
echolamine levels change in the salivary gland
parenchyma, saliva (after stimulation of its secre-
tion), and oral mucosa of animals during the de-
velopment of staphylococcal sialadenitis.

MATERIALS AND METHODS

For the experiments, 95 random-bred rats of both
sexes weighing 150.4%£11.3 g were used. They were
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zov, Member of the Russian Academy of Medical Sciences)

divided into six groups: I) intact rats with back-
ground (basal) saliva secretion; 2) intact rats with
saliva secretion stimulated by pilocarpine injected
subcutaneously at 1 mg/kg body weight; 3 and 4)
rats with background saliva secretion at an early (2
h) and late (24 h) stage, respectively, of acute
experimental sialadenitis produced by injection of
a staphylococcal toxin (LH-0.18, series 33, manu-
factured at the Gamaleya Institute of Experimen-
tal Medicine) under the capsule of the left sub-
mandibular gland under sterile conditions; 5 and
6) rats with pilocarpine-stimulated saliva secretion
in the early and late stages of acute sialadenitis,
respectively.

To synchronize salivary gland activities, all
rats were deprived of food for 24 h before the
acute experiment while being allowed to drink
water ad libitum. Tissue pieces from the left sub-
mandibular gland and oral mucosa were taken
under Nembutal anesthesia (40 mg/kg). In rats in
the early or late stage of sialadenitis, tissue pieces
were also taken from the right submandibular
gland. In rats with stimulated saliva secretion,
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