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Experiments on cats demonstrate the capacity of alert animals to compensate for dis-
orders in pulmonary and systemic hemodynamics caused by organophosphorus com-
pounds. Heart rate, systemic arterial pressure, and total peripheral resistance completely
normalize on day 3 after exposure. Pulmonary vascular resistance and pulmonary blood
pressure remain negligibly increased.
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Previously we demonstrated that exposure of cats
narcotized with pentobarbital to the organophos-
phorus compound (OPC) Anthio leads to the de-
velopment of profound disorders of the pulmonary
and systemic circulation and respiration and to an
imbalance in the functioning of the right and left
ventricles that is incompatible with life. The ani-
mals died 2 to 3 h after administration of the
agent [4,5].

Some authorities report an ambiguous effect of
anticholinesterase agents, to which OPC belong, on
narcotized and alert animals. For example, expo-
sure to anticholinesterase agents leads to a drop of
arterial pressure (AP) and depression of respiration
in narcotized animals [8,9,10]. In alert animals the
opposite effects are observed: AP rises and respira-
tion is stimulated [11,12]. However, no compre-
hensive studies of the pulmonary and systemic cir-
culation of alert animals after exposure to anticho-
linesterase agents have been reported as yet.
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The purpose of this research was to study the
pulmonary and systemic circulation several days
after administration of the OPC Anthio to animals
not deeply narcotized.

MATERIALS AND METHODS

Twenty-one mongrel cats of both sexes weighing
2.4 to 44 kg were used in the study. An emul-
sion of the OPC Anthio (Formathion) used in
agriculture was administered through a tube into
the stomach of animals under light short-term
ether narcosis in the same doses as used previously
in acute experiments, 20% LD, (42.6 mg/kg).
Seven experiments were carried out 1 day after
OPC administration, six after 2 days, and six
more after 3 days. Twelve experiments were car-
ried out during forced ventilation of the lungs and
nine with the thorax closed and spontaneous res-
piration. Linear and volumetric bloodflow velocity
in the ascending aorta and pulmonary artery cone
were studied by the ultrasound method [1]. AP in
the pulmonary and femoral arteries was measured
with a microelectromanometer [2]. Real-time total
peripheral vascular resistance (TPVR) and resistance
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Fig. 1.

Changes in systemic and pulmonary hemodynamics after exposure to OPC (in % of control level). Control (i), days 1

(I and 3 (IIl) after exposure to OPC. [} cardiac index; 2) heart rate; 3} stroke volume; 4) systemic AP; 5) TPVR; 6} pulmonary

AP; 7) pulmonary vascular resistance.

of the pulmonary vessels, heart rate, and left heart
stroke volume were calculated using a microcom-
puter. The cardiac index was estimated. Initial val-
ues of pentobarbital-narcotized cats before OPC
administration in acute experiments [4] were used
as reference values.

RESULTS

The animals did not die after OPC administration
according to the method used in this study. Only
one cat died right at the beginning of the opera-
tion (it was found to have pneumonia). On day 1
after OPC administration the animals were limp,
reluctant to move, and refused to eat; hypersaliva-
tion was observed. In the days that followed their
behavior normalized. It is noteworthy that the gen-
eral status of animals and the time course of the
parameters studied varied within a wide range in
different animals.

On day 1 after OPC exposure, the cardiac
index was reduced by 42%, on average, this re-
duction being particularly evident during forced
ventilation of the lungs. A trend toward recovery
of this parameter was observed on subsequent days,
although the cardiac index remained lowered by an
average 25% even on day 3 after OPC adminis-
tration in the majority of animals in comparison
with the control. It normalized on days 2-3 in
three animals. This recovery was in good correla-
tion with the positive time course of other param-
eters (systemic and pulmonary AP, heart rate).

The time course of the heart rate was particu-
larly demonstrative: this parameter was reduced by
approximately 30% in almost all the animals on
days 1-2 after OPC administration. In the major-
ity of animals the heart rate normalized on day 3
after OPC administration. In one animal with rela-
tively high values of other characteristics (cardiac
index and AP) the heart rate recovered on day 2.

On the other hand, in two animals with lowered
values of other parameters the heart rate remained
lowered 3 days after exposure. The clear-cut reduc-
tion of the heart rate appears to be due to stimu-
lation of the cholinergic systems resulting from the
anticholinesterase effect of OPC [7].

In five animals the stroke volume was in-
creased 35% on day 1 after OPC exposure because
of the lowered heart rate, but in two cats it was
lowered 55 and 32% vs. the control because of
their extremely poor general status, which corre-
lated with other parameters: low cardiac index, low
systemic AP, and high pulmonary AP. On day 2
after exposure to OPC a tendency toward normal-
ization of the stroke volume was observed: it was
12% higher than in the control. On day 3, when
the heart rate normalized, the stroke volume was
close to that in controls.

The systemic AP of animals under forced ven-
tilation of the lungs was 17% lower in comparison
with the control, but then tended to normalize. In
animals with spontaneous respiration AP was within
the normal range. Previously we demonstrated that
in animals administered OPC under narcosis a
gradual 62% reduction of systemic AP by the end
of experiment was paralleled by a reduction of
TPVR. In animals exposed to OPC without anes-
thesia TPVR showed a tendency toward hypercom-
pensation; it was 30% increased on day 1, 22% in-
creased on day 2, and almost normal on day 3.

Shifts in the parameters characterizing the
pulmonary vessels were the most persistent. AP in
the pulmonary arteries of the majority of animals
was 25 to 30% increased and did not normalize
till the third day after exposure to OPC. Pulmo-
pary vascular resistance was approximately 25%
increased in comparison with the control and did
not normalize on day 3. This might be due to
developing arterial hypoxemia found in experiments
similar to ours [6]. On the other hand, pulmo-
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Fig. 2. Effect of inhalations of gaseous mixture with 7.5% O,

on pulmonary circulation. Reaction to hypoxia in control animals
{a) and in animals exposed to OPC 1 (b) and 3 (c) days after
exposure. !) pulmonary vascular resistance; 2) AP in pulmonary
artery; 3) linear bloodflow velocity in pulmonary artery cone;
4) volumetric bloodflow velocity in pulmonary artery cone; 5)
linear bloodflow velocity in ascending aorta; 6) volumetric
bloodflow velocity in ascending aorta. Thin straight lines under
each of the curves show the zero levels. Arrows show the
beginning and end of gaseous mixture inhalation.

nary AP and pulmonary vascular resistance was
close to the norm in 6 experiments: in one ani-
mal as early as on day 1 after OPC administra-
tion, in three on day 2, and in one on day 3 after
exposure. These were the animals with the other
favorable parameters mentioned above.
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A functional test with short-term (3 min) in-
halation of a hypoxic gaseous mixture (7.5% O,
in nitrogen) was carried out to study pulmonary
vessel reactivity. The experiments demonstrated no
reaction of the pulmonary vessels to hypoxia on
day 1 after OPC administration. A weak reaction
became manifest on day 2 in some experiments,
and on day 3 the reaction was more expressed
(although not in all experiments): the characteris-
tic reaction to hypoxia, presenting as an AP in-
crease in the pulmonary artery and increased pul-
monary vascular resistance, was observed (Fig. 2).
Previously we noted a similar absence of reaction
to hypoxia in animals with grave experimental
pneumonia [3].

Effects on cell membrane structures and the
enzymatic systems localized in them underlie the
toxic action of pesticides [7]. This factor may
contribute to the suppression of the reactivity of
pulmonary vessels to hypoxia: some scientists re-
port that cytochrome P-450 inhibition interferes
with hypoxic vasoconstriction in the lesser circu-
lation [13].

In a previous study of pulmonary circulation
in animals with experimental pneumonia we dem-
onstrated that the same intervention (intratracheal
administration of 0.3 ml tarred turpentine) causes
different diseases of the lungs, ranging from
tracheitis to severe bilateral pneumonia, in differ-
ent animals. The degree of functional disorders of
pulmonary hemodynamics conforms to the sever-
ity of involvement of the lungs [3]. A similar
phenomenon was observed in this study: the gen-
eral status of animals after OPC administration and
the degree of functional disorders of pulmonary and
systemic hemodynamics varied in different animals.
The differing individual tolerance for OPC ob-
served in different animals appears to be related to
the general functional status of the animals at the
moment of exposure. At the same time, we suc-
ceeded in detecting certain tendencies in the time
course of the pulmonary and systemic circulation
after exposure to OPC.

Experiments demonstrated that the method of
OPC administration which was used in this study
did not incur large-scale death of animals, as was
observed with administration of OPC to animals
narcotized with pentobarbital. The alert animals
showed a sufficiently high capacity to compensate for
the disorders of the pulmonary and syste- mic
hemodynamics caused by OPC. The heart rate,
stroke volume, systemic AP, and TPVR normal-
ized in the majority of animals on day 3 after ad-
ministration of OPC. The cardiac index also showed
a tendency toward normalization and the reactivity
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of pulmonary vessels to hypoxia also exhibited a
trend toward recovery. The slight increase of re-
sistance in the pulmonary artery system and of the
pulmonary AP were more persistent.

Hence, the findings suggest that pentobarbital
narcosis exerts an inhibitory effect on the devel-
opment of compensatory adaptive reactions in an
organism exposed to OPC.
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