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Experiments on 152 albino rats, exposed to the action of sound (94-96 dB, 2 Hz) showed that in the
early periods of exposure (30 min) a tendeney toward hypercoagulation develops, followed by activation of
the fibrinolytic system whether exposure to sound is continued or not, A similar sequence of hypercoagu-
lation followed by fibrinolysis was observed after exposure to sound for 2 days. It is claimed that the
inhibition of the anticlotting system observed during prolonged experimental exposure to sound is a result
of its exhaustion associated with periodic activation during exposure.

During prolonged exposure to sound (94-96 dB, 2 kHz, 5 h daily for 130 days) transient changes in
blood coagulation were observed in rats. On the 130th day of the experiment the tolerance of the animals
to thrombin was lowered, indicating inhibition of the anticlotting system {[1].

Assuming that inhibition of the anticlotting system in this case is the result of its exhaustion due to
periodic activation occurring in the course of exposure to sound, in the present investigation the order of
appearance and the dynamics of development of changes in the level of pro- and anticoagulants were studied
in the early periods of exposure to sound.

EXPERIMENTAL METHOD

Experiments were carried out on 152 albino rats kept on a standard diet as recommended by the
Institute of Nutrition, Academy of Medical Sciences of the USSR, The sound (94-96 dB, 2 kHz) was generated
by a type GZ-10 apparatus. Acoustic stimulation was given for 15 and 30 min, 1, 2, and 5 h, and 2, 5, and
10 days (5 h daily). Blood was taken from the jugular vein immediately after the end of acoustic stimulation
and at various times thereafter. The following determinations were carried out on the blood samples:
plasma recalcification time, plasma heparin tolerance, prothrombin activity and prothrombin consumption
(thromboplastin activity), total antithrombin activity, the level of antithrombins II, III, and IV, activity of
fibrinolysis, fibrinogenolysis, and antiplasmin, the fibrinogen level, and in some experiments the anti-
thromboplastin activity [6].

EXPERIMENTAL RESULTS

In preliminary experiments in which blood samples were taken immediately after acoustic stimulation
for 30 min, 1, 2, and 5 h, and for 2, 5, and 10 days the maximal changes were observed after exposure for
30 min: a decrease was observed in the fibrinogen level (0,33+0.02%, control 0.48+0.10%; P< 0,05), the
fibrinolysis activity (1.7+1.2%, control 17.2£5.2%; P < 0,05), and the fibrinogenolysis activity (19.7+5.8%,
control 39.6+5.7%; P < 0,05), and the recalcification time was shortened (12.546.5 sec, control 105+7,5 sec;

P < 0.05).

The results given in Table 1 show that a tendency toward hypercoagulation occurred 15 min after the
beginning of exposure to sound: thromboplastin activity was increased, the antiplasmin level was raised,
while the total antithrombin activity, the level of antithrombins III and IV, and the activity of antithrombo-
plastin and fibrinogenolysis were lowered. Similar changes were discovered after exposure to sound for 30
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TABLE 1. Clotting Power of the Blood in Rats min, and as in the preliminary investigations they were
Exposed to Sound (94-96 dB, 2 kHz) for 15 and accompanied by lowering of the fibrinogen level. The
30 Min lowering of the fibrinogen level accompanying an in-
crease in clotting activity of the blood can be tentatively
regarded as the result of partial fibrination due to the
lowering of antithromboplastin and antithrombin
activity.

Duration of exposure
Index determined Control | to sound
15 min 30 min

Recalcification time
(in sec) 94,6:£6,6 | 89,0x105 | 90,8+45 A study of the dynamics of changes in the blood

P>0.05 pP>0,05 clotting system 30 min after the end of exposure to

Pl h i
asma hepann sound for 30 min showed that the tendency toward

tolerance (in sec) 289+ 30 217+24 271+ 19

Profhrombin com- P>0,05 P>0,05 hypercoagulation was even stronger than immediately
sumption (in sec) 36,2426 | 542672 | 464516 a.fteF expo‘sure: the previous changes persisted, no
Prothrombin time P<0,05 P<0,05 fibrinolysis could be detected whatsoever (zero level),
(in sec) 14,240,2 | 14,6202 | 14,8402 and the heparin tolerance was increased, which was

P>0,05 P>0,05 i i i
Antithromboplastin not observed 1mmedlatfely after exposure for 30 min
activity (in sec) 59+1,2 | 2,8+08 2,106 (Table 2). The same picture was observed also 1 h
Antithrombin activity P<0,05 P<0,05 after exposure. The indices in the experimental
(in %) 1306 gstolg 9510 animals 1.5 h after the end of exposure to sound were
Antithrombin II level <0.05 P<0,05 close to the control values, but the fibrinogenolysis
(in sec) 12+0,6 %7;:0 262 Z.gi(; }),58 ‘activity was considerably higher than initially and
Levels of antithrombins ' ' a tendency toward activation of fibrinolysis was
III and IV (in sec) 47,64+3,0 | 26,0=4,7 30,8%5,9 ohserved
P<0,05 P<0,05 ‘
Fibrinogen level (in % | ¢,41:0,01] 0,390,007 0,32+0,007 The experiments in which the animals were ex-
Fibrinolysis activity P>0,05 P<0,05 posed to sound continuously for 5 h showed that the
(in % 6,6+2,8 %Sio lég 5,2+ 1,58 tendency toward hypercoagulation which developed
Fibrinogenolysis >Y P>0,0 during the first 30 min had disappeared by the end of
activity (in %) 33,1£3,3 ?52:0!62 111,’2 % %55 the first hour. By the end of the second hour the
Antiplasmin activity ’ ' opposite tendency was observed: a tendency for the
(in % 80+13,7| 137+7,0 | 130+10,4

recalcification time to increase (104 + 7.0 sec, control
87+4.4 sec; P < 0,05), for a decrease in the heparin
tolerance (278+31 sec, control 210+15 sec; P=0.05),
and for activation of fibrinolysis (17.3+2.9%, control
5.4x2.6%; P< 0.05), After exposure to sound for 5 h the values obtained with the experimental and
control animals were practically identical,

P<0,05 P<0,05

During exposure of the rats to sound for 5 h daily for 10 days, at the end of the second day signs of an
increase in clotting activity of the blood were again found: a decrease in the recalcification time (102+7.2,
control 125+6.5; P< 0,05) and an increase in the heparin tolerance (229+15 sec, control 40143 sec; P < 0,05),
As earlier, these changes were accompanied by lowering of the fibrinogen level (0.38+0.1%, control 0.57+
0.05%; P < 0.05). By the end of the 5th day of exposure to sound the recalcification time was shortened
(86+3.3 sec, control 102+4.9 sec; P < 0,05), whereas the remaining indices were close to the control value.
After exposure for 10 days to sound, no changes whatever were observed.

These results suggest that in the first 15-30 min of exposure to sound the coagulating power of the
blood was increased, presumably as the result of lowering of the level of the antithromboplastic and anti-
thrombin components and raising of the antiplasmin level. The tendency toward hypercoagulation later
disappeared rapidly, to be followed by activation of the fibrinolytic system. The disappearance of signs
of hypercoagulation took place somewhat faster if exposure to sound continued than if it was discontinued.
At the same time, with more prolonged exposure to sound (for 2 days), the changes were repeated, a ten-
dency toward hypercoagulation being slowly replaced by restoration of the normal values of the indices
studied.

Analysis of these data suggests the following mechanism for development of depression of the anti-
clotting system occurring during prolonged (more than 4 months) exposure to sound. During acoustic
stimulation the clotting power of the blood is periodically increased, evidently through activation of the
production of adrenalin, ACTH, and corticosteroids = hormones stimulating blood clotting [3, 4]. The hypo-
thesis of increased production of these hormones is based on information showing that their levels are
increased during exposure to factors evoking a stress reaction, including exposure to sound [5].
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TABLE 2, Clotting Power of Blood of Rafs 30 Min and 1and 1.5 h
after Exposure to Sound for 30 Min (94-96 dB, 2 kHz)

Recalcifi~ | Heparin Fibrinolysis Fib‘rinogenﬂ Fibrinogen
Time of taking blood | cation time tolerance | activity lysis activ- | 1oyey (in %
(in sec) (in sec) (in % ity (in 7
C 138+15,4 330+11,5 12,0£2,8 30,1%5,0 0,45+ 0,02
30 min
123+5,0 247+9,2 0,0 20,9472 0,29+0,01
(P<95%) | (P>095%) | (P=100%) | (P<95%) | (P>95%)
C 138+ 15,4 330=+11,5 12,028 30,1+5,0 0,45+0,02
1h
E 98+5,0 38171 0,0 15,12:3,1 0,38+0,02
(P>95%) | (P<95%) | (P=100%) | (P>95%) | (P>95%)
, C 102+4,9 336+43 6,6+3,8 31,3+2,7 0,43+0,01
15h

108+5,3 | 281%27 11,6+£4,5 | 75,1210,1| 0,28+0,04
(P<95%) | (P<95%) | (P<95%) | (P>95%) | (P>95%)

Note. C and E denote control and experiment, respectively,

A periodic increase in clotting activity, accompanied by increased thrombinogenesis above the physio-
logical level, in accordance with Kudryashov's concepts (2], must cause periodic activation of the anticlotting
system and, in particular, of the fibrinolytic system as one of its effector mechanisms, Prolonged exposure
to sound, repeated daily, by maintaining the anticlotting mechanism in a state of permanent stress, can
probably ultimately cause its exhaustion, and in previous experiments [1] this was manifested by lowering
of the thrombin tolerance.

LITERATURE CITED

1, A. Sh. Byshevskii and L. V. Mikhailova, Byull, Eksperim. Biol. i Med., No. 5, 16 (1969).

2. B. A, Kudryashov, Problems in Coagulation of the Blood and Thrombus Formation fin Russian],
Moscow (1960).,

3. 1. 1. Samoilenko, Byull. £ksperim. Biol. i Med., No. 12,29 (1962).

4, L. G. Khetagurova, The Effect of Experimental Adrenocortical Pathology on Factors of the Clotting
and Anticlotting Systems of the Blood in Dogs. Author's Abstract of Candidate's Dissertation
[in Russian], Moscow (1964),

5. V. Hrubes, Activ. Nerv. Sup. (Prague), 9, 245 (1967).

6. E. Perlick, Anticoagulants [Russian translation], Leningrad (1965).

123



