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Expe r imen t s  on 152 albino r a t s ,  exposed to the action of sound (94-96 dB, 2 Hz) showed that in the 
ea r ly  per iods  of exposure  (30 min) a tendency toward hypercoagula t ion  develops,  followed by act ivat ion of 
the f ibr inolyt ic  s y s t em  whether  exposure  to sound is continued or  not. A s i m i l a r  sequence of hype rcoagu-  
lat ion followed by f ibr inolys is  was obse rved  a f te r  exposure  to sound for  2 days.  It is  c la imed that the 
inhibition of the anticlott ing s y s t em  obse rved  during prolonged exper imenta l  exposure  to sound is  a r e su l t  
of its exhaust ion a s soc ia t ed  with per iodic  act ivat ion during exposure~ 

During prolonged exposure  to sound (94-96 dB, 2 kHz, 5 h daily for  130 days) t r ans ien t  changes in 
blood coagulation were  obse rved  in r a t s .  On the 130th day of the expe r imen t  the to le rance  of the animals  
to thrombin  was lowered,  indicating inhibition of the anticlotting sy s t em [1]. 

Assuming  that inhibition of the anticIott ing s y s t e m  in this case  is the r e su l t  of its exhaust ion due to 
per iodic  act ivat ion occur r ing  in the course  of exposure  to sound, in the p r e sen t  invest igat ion the o rde r  of 
appea rance  and the dynamics  of development  of changes in the level  of p r o -  and anticoagulants were  studied 
in the ea r ly  per iods  of exposure  to sound. 

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on 152 albino ra t s  kept on a s tandard  diet as r e c o m m e n d e d  by the 
Inst i tute  of Nutrition, Academy of Medical Sciences of the USSR. The sound (94-96 dB, 2 kHz) was genera ted  
by a type GZ-10 appara tus .  Acoust ic  s t imulat ion was given for  15 and 30 rain, 1, 2, and 5 h, and 2, 5, and 
10 days (5 h daily)o Blood was taken f rom the jugular  vein immedia te ly  a f t e r  the end of acoust ic  s t imula t ion  
and at var ious  t imes  the rea f t e r .  The following de terminat ions  were  c a r r i e d  out on the blood samples :  
p l a sma  reca le i f ica t ion  t ime,  p l a sma  hepar in  to lerance ,  p ro thrombin  act ivi ty  and p ro th rombin  consumption 
( thromboplast in  activity),  total an t i thrombin  activity,  the level  of ant i thrombins  II, III, and IV, act ivi ty  of 
f ib r ino lys i s ,  f ibr inogenolys is ,  and ant iplasmin,  the f ibr inogen level ,  and in some  expe r imen t s  the ant i -  
th romboplas t in  act ivi ty  [61. 

E X P E R I M E N T A L  R E S U L T S  

In p r e l i m i n a r y  expe r imen t s  in which blood samples  were  taken immedia te ly  a f t e r  acoust ic  s t imulat ion 
for  30 rain, 1, 2, and 5 h, and for  2, 5, and 10 days the maximal  changes were  obse rved  a f t e r  exposure  for  
30 min: a dec rea se  was obse rved  in the f ibr inogen level  (0.33•176 control 0.48• P < 0,05), the 
f ibr inolys i s  act ivi ty  (1.7:~1,2%, control 17.2• P < 0.05), and the f ibr inogenolysis  act iv i ty  (19.7• 
control 39.6• P < 0.05), and the reca lc i f ica t ion  t ime was shor tened (12.5• se c, control  ~ 05• see;  
P < 0.05). 

The r e su l t s  given in Table 1 show that a tendency toward hypereoagula t ion  o c c u r r e d  15 rain a f t e r  the 
beginning of exposure  to sound: th romboplas t in  act ivi ty was inc reased ,  the ant ip lasmin level was ra i sed ,  
while the total  ant i thrombin act ivi ty,  the level of ant i thrombins  III  and IV, and the act ivi ty  of an t i t h rombo-  
p las t in  and f ibr inogenolysis  were  lowered.  S imi la r  changes were  d i scovered  a f t e r  exposure  to sound for  30 
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TABLE 1. Clotting Power of the Blood in Rats 
Exposed to Sound 94-96 dB, 2 kHz) for 15 and 
30 Min 

Index determined 

Recalcification time 
(in see) 

Plasma heparin 
tolerance fin sec) 

Prothrombin con- 
sumption (in sec) 

Prothrombin time 
(in see) 

Antithmmboplastin 
activity (in sec) 

Antithmmbin activity 
(in ~ 

Antithrombin II level 
(in sec) 

Levels of antithrombim, 
III and IV (in sec) 

Fibdnogen level (in %) 

FibrinoIysis activity 
(in ~o) 

Fibrinogenol~sis 
activity (in %) 

Antiplasmin activity 
(in %) 

Control 

94,6• 6,6 

289• 30 

36,2- 2,6 

14,2-+.0,2 

5,9• 1,2 

130+ 6 

12• 

47,6• 

0,41• 

6,6• 2,8 

33,1• 

80• 13,7 

Duration of exposure 
to sound 

i5 min 30 min 

89,0--- 10,5 90,8• 4,5 
P>0,05 P>0,05 

217--+24 271• 19 
P>0,05 P>0,05 

54,2-+ 7,2 46,4• 1,6 
P<0,05 P<0,05 

14,6• 14,8• 
P>O,05 P>O,05 

2,8• 2,1• 
P<0,05 P<0,05 

99• l0 95• l0 
P<0,05 P<0,05 

8,7• 7,6• 1,8 
P>0,05 P<0,05 

26,0• 30,8• 
P<0,05 P<0,05 

0,39• 0,007 0,32• 0,007 
P>0,05 P<0,05 

5,3• 1,2 5,2• 1,8 
P>0,05 P>0,05 

8,2___ 1,8 11,7• 
P<0,05 P<0,05 

137• 7,0 130• 10,4 
P<0,05 P<0,05 

5.4• P<  0.05). After exposure to sound for 5 
control animals were pract ical ly  identical.  

rain, and as in the pre l iminary  investigations they were 
accompanied by lowering of the fibrinogen level. The 
lowering of the fibrinogen level accompanying an in- 
c rease  in clotting activity of the blood can be tentatively 
regarded  as the resul t  of partial fibrination due to the 
lowering of anti thromboplast in and antithrombin 
activity. 

A study of the dynamics of changes in the blood 
clotting sys tem 30 rain after  the end of exposure to 
sound for 30 rain showed that the tendency toward 
hypercoagulat ion was even s t ronger  than immediately 
af ter  exposure: the previous changes persis ted,  no 
f ibrinolysis  could be detected whatsoever  (zero level), 
and the heparin tolerance was increased,  which was 
not observed immediately after exposure for 30 rain 
(Table 2). The same picture was observed also 1 h 
after exposure.  The indices in the experimental  
animals 1.5 h after the end of exposure to sound were 
close to the control values,  but the fibrinogenolysis 
ac t iv i ty  was considerably higher than initially and 
a tendency toward activation of f ibrinolysis was 
observed.  

The experiments  in which the animals were ex-  
posed to sound continuously for 5 h showed that the 
tendency toward hypercoagulat ion which developed 
during the f i r s t  30 rain had disappeared by the end of 
the f i r s t  hour.  By the end of the second hour the 
opposite tendency was observed: a tendency for  the 
recalcif icat ion t ime to increase  (104 ~: 7.0 sec, control 
87• sec; P < 0.05), for a decrease  in the heparin 
tolerance (278• sec, control 210• sec; P= 0.05), 
and for activation of f ibrinolysis  (17.3• control 
h the values obtained with the experimental  and 

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 recalcif icat ion time (102• 
control 125• P < 0.05) and an increase  in the heparin tolerance (229• sec, control 401~=43 sec; P < 0.05). 
As ear l ie r ,  these changes were accompanied by lowering of the fibrinogen level  (0.38• control 0.57• 
0.05%; P < 0.05). By the end of the 5th day of exposure to sound the recalcif icat ion time was shortened 
(86~3.3 sec,  control 102• 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 resul ts  suggest  that in the f i r s t  15-30 rain of exposure to sound the coagulating power of the 
blood was increased,  presumably  as the resu l t  of lowering of the level of the anti thromboplast ic  and anti-  
thrombin components and ra is ing of the antiplasmin level. The tendency toward hypercoagulat ion la ter  
disappeared rapidly, to be followed by activation of the fibrinolytic sys tem.  The disappearance of signs 
of hypercoagulation took place somewhat fas te r  if exposure to sound continued than if it was discontinued. 
At the same t ime, with more  prolonged exposure to sound (for 2 days), the changes were  repeated,  a ten-  
dency toward hypereoagulat ion being slowly replaced by res tora t ion  of the normal  values of the indices 

studied. 

Analysis of these data suggests  the following mechanism for  development of depression of the ant i-  
clotting sys tem occurr ing  during prolonged (more than 4 months) exposure to sound. During acoust ic  
st imulation the clotting power of the blood is per iodical ly  increased,  evidently through activation of the 
production of adrenalin, ACTH, and cor t icos tero ids  -- 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 s t r e s s  reaction, including exposure to sound [5]. 
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T A B L E  2. C lo t t i ng  P o w e r  of B lood  of R a t s  30 M in  and  1 and  1.5 h 

a f t e r  E x p o s u r e  to Sound fo r  30 M in  (94-96 dB, 2 kHz)  

Time of taking blood 

C 
30 rain 

E 

Recalcifi" l '  Heparin 
cation tim~ tolerance 
(in see) [ ( i n  see) 

138-+ 15,4 330-+ 1 t,5 

123-+5,0 247-+9,2 
(P<95%) (P>95%) 

Fibrinolysis 
activity 
(in %) 

12,0 + - 2,8 

0,0 
(P= 100%) 

Fibrinogeno- 
lysis activ- 
ity (in %) 

30,1_+5,0 

20,9~ 7,2 
(P<95%) 

Fibrinogen 
level (in %) 

0.45- + 0,02 

0,29_+ 0,01 
(P>95%) 

l h  
C 

E 

C 

E 

138_ + 15,4 

98-+ 5,0 
(P>95%) 

102-+4,9 

108_ + 5,3 
(P<95%) 

330• 11,5 

381• 
(P<95%) 

336- + 43 

281 -+ 27 
(P<95%) 

12,0-+2,8 

0,0 
(P=lO0%) 

6,6---3,8 

11,6-+4,5 
(P<95%) 

30,t_+5,0 

15,1~3,1 
(P>95%) 

31,3---2,7 

75,1--- 10,1 
@>95%) 

0,45_ + 0,02 

0,38+- 0,02 
(P>95%) 

0,43- + 0,01 

0,28--- 0,04 
(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 Kndryashov'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. 
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