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The industrial development of the Astrakhan con-
densed gas deposit with a high content of hydro-
gen sulfide has led to a considerable deterioration
of environmental quality in the Volga-Caspian ba-
sin. As a consequence of accidental emissions of
a toxic industrial hydrogen sulfide-containing gas
from this deposit, cases of poisoning have occurred
among people. As demonstrated by clinical and
pathophysiological studies, hydrogen sulfide-con-
taining gaseous mixtures are neurotoxic and may
be lethal. That hydrogen sulfide exerts toxic effects,
notably on the respiratory system, has been known
for a long time. The clinical picture of hydrogen
sulfide poisoning is dominated by signs and symp-
tfoms of damage to reticular and stem structures of
the brain, which results in grossly disordered regu-
lation of respiration and cardiovascular activity [4].
In cats under Nembutal anesthesia that inhaled a
pure hydrogen sulfide-containing gas from the
Orenburg gas field, an increase in the frequency
and depth of breathing during the first 10 sec of
exposure was followed by severe inhibition and
then complete cessation of breathing within the
first minute of exposure [2]. These and other find-
ings indicate that acute exposure to hydrogen sul-
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fide causes profound pathological changes in the
CNS with a consequent derangement of the regu-
Iation of both respiration and circulation [3].

The purpose of the present study was to ex-
amine how firing activity of respiratory neurons is
affected by exposure to the toxic hydrogen sulfide-
containing gas from the Astrakhan condensed gas
deposit.

MATERIALS AND METHODS

For the study, 30 male Wistar rats weighing 250-
300 g were used. Prior to the tests, they were kept
in the vivarium on a 12 h light-12 h darkness
schedule and fed a standard diet with food and
water given ad libitum. Under chloral hydrate an-
esthesia (400 mg/kg intraperitoneally), firing ac-
tivity of the respiratory center neurons was re-
corded with extracellular glass electrodes (tip diam-
eter 3-5 u; resistance 5-10 MOhm) using a standard
procedure [5, 6]. The outgoing signal was deliv-
ered to a VC-9 oscillograph (Nihon Kohden, Ja-
pan) through a cathode follower and registered on
a Tembr-2M tape recorder (Russia), followed by
selective recording on an electroencephalograph.
Concurrently, an electromyogram of the diaphragm
was recorded by means of bipolar electrodes (hooks
made of nichrome wire 0.3 mm in diameter) fixed
via the abdominal cavity.

For assessment of the toxic action of hydro-
gen sulfide on external respiration, pure natural
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Fig. 1. Activity of the diaphragm and of an inspiratory neuron before and during inhalation of hydrogen sulfide —containing

natural gas by a rat. 7 and 2) continuous recording; the arrow marks the time when inhalation of the gas was started. From the
top down: time marks of 1 sec; diaphragmatic EMG; activity of inspiratory neuron.

gas from the Astrakhan deposit was delivered into
the rat’s trachea.

RESULTS

Rapid changes in the frequency and amplitude of
respiratory movements began to be observed as
soon as after the first 2 or 3 inhalations of the
gas (Figs. 1-4), with marked abnormalities in the
duration of the respiratory cycle phases. A sudden
and irreversible respiratory arrest occurred after 10
to 15 sec of exposure, accompanied by the disap-
pearance of electrical activity in the diaphragm.
The volley-type activity of the respiratory neurons
became continuous and remained such for a short
time, after which the firing rate progressively de-
creased to reach zero in several seconds. Firing by
the reticular neurons continued for a longer period:
it disappeared when no impulses were recorded
from any other neurons of the respiratory center.

The subsequent prolonged application of arti-
ficial ventilation did not lead to a resumption of

natural respiration in any of the rats, even though
exposure to the gas was discontinued immediately
after the respiratory arrest. Cardiac contractions
continued at a decreasing frequency for 3-4 min
after the cessation of respiratory movements.

The cessation of respiratory movements and of
neuronal activity was of two types. In some rats
(Figs. 1; 2, a; and 3, b) the complete respiratory
arrest was preceded by a terminal (agonal) pause
of 4 to 12 sec in duration, followed by yet an-
other (the last) inspiration. In other rats (Figs. 2,
b; 3, a; and 4) respiratory movements ceased sud-
denly without decreasing appreciably either in fre-
quency or in amplitude.

The various types of complete inspiratory neu-
rons that were discharging synchronously from the
diaphragmatic EMG terminated their nonvolley
activity according to one or other of the indicated
types. It should be noted, however, that they were
still generating impulses for some time after the
last volley (Figs. 1; 2, a; and 3). In some cases
such firing continued at a diminishing rate for a
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Fig. 2.
inhalation of natural gas. Same designations as in Fig. 1.

Differences in cessation of spontaneous rhythmic activity of respiratory center between two rats (¢ and b) during



800 Bulletin of Experimental Biology and Medicine, Ne 7, 1993, PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY
T % # - + + — +
a ;
| e e e - ——
b z
Fig. 3. Variations in activity of a complete (g) and a late (b) inspiratory neuron during inhalation of natural gas by a rat. The

second arrow in ¢ marks discontinuation of exposure to the gas. Other designations as in Fig. 1.

relatively long time (10-15 sec) before disappear-
ing completely.

In rats exhibiting a terminal pause, inspiratory
neurons were either inactive (Figs. 1 and 2, a) or
continued to fire throughout the pause and then
during the last inspiration (Fig. 3, b).

After the cessation of rhythmic breathing, the
rate of firing of a neuron that had been firing
continuously and with increased frequency at inspi-
ration was somewhat higher as compared to that at
expiration, but remained lower than that at inspira-
tion. The phase of increased firing rate was followed
by one of progressively decreasing firing rates until
complete cessation of impulse discharges (Fig. 4, a).

The phase of increased firing rates was most
conspicuous with the reticular neurons: the firing
rate of such a neuron started to increase even be-
fore the termination of rhythmic breathing and was
appreciably higher immediately after the cessation

of spontaneous respiratory movements (Fig. 4, 5),
but then it fell away to zero rather rapidly, although
the reticular neurons ceased to discharge at a later
time than did the inspiratory or expiratory neurons.

The observation that respiratory abnormalities
arise after the first few inhalations of the gas and
lead very rapidly to a complete and irreversible
cessation of rhythmic activity of the respiratory
center indicates that hydrogen sulfide exerts pro-
found toxic effects on the respiratory neurons. It
appears to cause complex metabolic disturbances in
the system of these neurons, prompting a search
for means of preventing (or inhibiting) the toxic-
ity of this compound.
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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

0007-4888/93/0007-0801$12.50 ©1993 Plenum Publishing Corporation



