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Local transient coronary insufficiency (TCI) with a varied duration of the period of
myocardial ischemia (MI), reproducible in animals, is an experimental model of various forms
of ischemic heart disease in man: angina, the intermediate coronary syndrome, and states
following surgical (for example, aortocoronary bypass) or drug-induced (for example, throm-
bolysis) revascularization of the myocardium in the acute period of infarction [3-5]. The
writers previously discovered significant changes inactivity of the clottingand fibrinolytic
systems of the blood not only in the ischemic, but also in the reperfusion period of TCI
[4]. Disturbances in the hemostasis system under these circumstances were combined with
changes in parameters of the state of the systemic circulation and the microcirculation [2,
5]. We consider that the possible essential role of fibrinolysis factors in the regulation
of hemostasis and of the rheologic properties of the blood in the pathogenesis of the is-
chemic and reperfusion syndromes of TCI must be taken into account.

The aim of this investigation was to study the dynamics of parameters characterizing
the mechanisms of changes in fibrinolytic activity of the blood during coronary occlusion
and in the initial stage of subsequent reperfusion of the myocardium.

EXPERIMENTAL METHOD

Experiments were carried out on 76 noninbred male albino rats weighing 200 * 10 g. The
animals were kept on an ordinary diet under animal house conditions. TCI was reproduced by
the method described previously [3, 5]. All manipulations were done under urethane anesthe-
sia (1200 mg/kg) under conditions of thoractomy and artificial ventilation of the lungs with
atmospheric air. The duration of the period of MI was 10 or 40 min. The parameters of hemo-
stasis were investigated at the 10th and 40th minutes of the subsequent reperfusion period
(RP). The state of the fibrinolytic system of the blood was assessed by measuring changes
in the activity of plasmin, plasminogen, plasminogen activator, and fibrinolysis inhibitors
(antiplasmins, inhibitors of plasminogen activation) by the method in [7] in the modifica-
tion [1], by determining the area of the zone of lysis under the influence of blood plasmin
on standard fibrin disks. The outlines of the zone of lysis were transferred to washed,
transparent x-ray films. The areaof film corresponding exactly to the area of the zone of
lysis of fibrin was cut out and weighed on torsion scales. Activity of the components of
the fibrinolytic system of the blood was expressed (in accordance with the technique in [11)
in milligrams of x-ray film. The results were subjected to statistical analysis by parametric
methods.

Significant changes in the state of the fibrinolysis system were observed not only dur-
ing MI, but alsoc during the subsequent RP,

During MI plasmin activity fell as early as by the 10th minute, and thereafter until
the 40th minute it remained low (Fig. 1). One of the leading mechanisms of this phenomenon
during coronary occlusion is a fall in the blood level of plasminogen and in the activity of
its promoters, which was particularly marked at the 40th minute of local MI (Figs. 1b and
2b). Activity of fibrinolysis inhibitors, as follows from Fig. 2b, did not play any signifi-
cant role in the development of this phenomenon.
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Fig. 1. Plasmin and plasminogen activity of rat blood plasma during local MI of
varied duration and subsequent RP (M % mt). Abscissa, duration of periods of MI
and of postischemic RP, min; ordinate: I) plasmin activity; II) plasminogen ac-
tivity, mg of x~ray film. 1) Plasmin; 2) plasminogen. a) MI 10 min * RP 40 min;
b) MI 40 min + RP 40 min; LCA) ligation of coronary artery. ¥) Significant dif-
ference compared with background (p < 0.05).

Fig., 2. Activity of plasminogen activator and of fibrinolysis inhibitors of rat
blood plasma during local MI of varied duration and subsequent RP (M % mt). Ab-
scissa, duration of periods of MI and of postischemic RP, min; ordinate: I) ac-
tivity of plasminogen activator; II) activity of inhibitors, mg of x-ray film.
1) Plasminogen activator; 2) fibrinolysis inhibitors. Remainder of legend as
to Fig. 1.

RP of the myocardium for 40 min after transient local ischemia was accompanied by ele~
vation of plasmin activity to its background value (Fig. la). This was evidently to some ex-
tent the result of maintenance of a raised blood plasminogen activator level (Fig. 2a). Con-
versely RP of the previously ischemic myocardium, after a longer (40 min) period of coromary
occlusion, was characterized by preservation of a depressed plasmin level. Under these cir-
cumstances low activity of fibrinolysis promoters, when activity of plasminogen inhibitors
was close to the background range (Fig. 2b), indicates an essential role of the former in
the development of this complication.

The results are in agreement with our previous observations [4] on staggered changes
in the degree and rate of lysis of the fibrin-platelet structure (FPS) of the bldod clot.
These parameters were lowered in the period of coronary occlusion of TCI and were signifi-
cantly changed during subsequent RP, depending on the durationof MI: after 10 min they were in-
creased, but after 40 min they were reduced (especially the degree of lysis of the blood
clot).

The results of this investigation suggest a leading role of changes in the plasminogen
level and in the activity of its promoters in disturbances of activity of fibrinolysis reac- -
tions in both the ischemic and the reperfusion periods of TCI. Only during short~-term isch-
emia and subsequent RP of the myocardium was the rise in activity of plasminogen promoters
restrained by parallel activation of fibrinolysis inhibitors. It can also be tentatively
suggested that one factor in depression of the process of lysis of fibrin during long-term
(40 min) coronary occlusion, and alsoc during subsequent RP of the myocardium is the utiliza-
tion of plasminogen and plasmin in fibrinolysis reactions (the phenomenon of consumption of
fibrinolysis factors).

The investigation thus had the following results:

1) local MI, whether of short (10 min) or long (40 min) duration, depresses fibrinolysis
reactions, and this is accompanied, as we showed previously [2, 4, 5], by activation of the
cellular and humoral components of hemostasis;

2) RP of the myocardium after short-term local myocardial ischemia is accompanied by
normalization of the majority of parameters of the fibrinolytic system of the blood as early
as by the 40th minute;
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3) RP of the myocardium after long-term coronary occlusion is characterized by preserva-
tion of the low activity of factors of the blood fibrinolytic system, accompanied by hyper-
coagulation of the blood and by high contact activity of the platelets [4, 5]. 1In turn,
these changes can potentiate the development of the no-reflow phenomenon — slow and incom-
plete restoration of the circulation in blood vessels of the microcirculatory system of the
myocardium on resumption of the blood flow in the main branches of the coronary arteries
after prolonged coronary occlusion [2, 5, 6, 8], and also lead to disturbances of the syste-
mic hemodynamics under TCI conditions.

LITERATURE CITED

1. V. N. Butorov and I. N. Bokarev, Lab. Delo, Wo. 5, 271 (1978).

2. T. A. Vasilevskaya and P. F. Litvitskii, Byull. Eksp. Biol. Med., No. 7, 97 (1985).

3. P. F. Litvitskii, Byull. Eksp. Biol. Med., No. 8, 120 (1982). |

4, P. F. Litvitskii, G. A, Yakunin, L. A, Lavrova, et al,, Byull. Eksp, Biol. Med., No. 1,
24 (1983).

5. L. I. O1'binskaya and P. F. Litvitskii, Coronary and Myocardial Insufficiency [in Rus-
sian], Moscow (1986).

6. A. M, Chernukh, P. N. Aleksandrov, and O. V. Alekseev, The Microcirculation [in Rus-
sian], 2nd Edition, Moscow (1986).

7. T. Astrup and S. Millerts, Arch. Biochem., 40, 346 (1952).

8. R. Kloner, C. Ganote, and R. Jennings, J. Clin. Invest., 54, 1496 (1974).

1534



