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The h e m o r r h a g i c  synd rome  in acute radia t ion s ickness  is  one of the pr inc ipa l  causes  of death of 
an imals  injured by  ionizing radiat ion.  

The development  of this syndrome depends on changes in the pe rmeab i l i t y  of the blood ve s se l s  and 
d is turbances  of the blood clott ing s y s t em .  Many invest igat ions have been made of the changes in the 
clott ing power  of the blood in radia t ion in jur ies .  Slowing of blood clotting has been shown to be caused by 
modera t e  hypoprothombinemia  and thrombocytopenia  and a cons iderable  fal l  in the th romboplas t ic  act ivi ty 
of the blood [1-5, 7]. The l a s t  of these may  also be detected in some cases  be fo re  the development  of an 
apprec iable  thrombocytopenia  [1, 5]. Meanwhile, the hemosta t ic  function of the ve s se l  wall  i t se l f  in r a d i a -  
tion s ickness  has  not been  studied. The ves se l  wall  is known to contain s eve ra l  t i ssue  compounds in-  
fluencing the clott ing of the blood. One of these substances  is the t i ssue th romboplas t i c  f ac to r  [6, 9, 12, 
14, 15]. 

The au thor ' s  p rev ious  invest igat ions [1] showed that in radia t ion  s ickness  the i nc rea se  in the clott ing 
power  of the blood, occur r ing  as an adaptive r e sponse  to acute blood loss ,  does not take place .  In normal  
conditions the development  of hypercoagu lemia  a f te r  acute blood loss ,  resul t ing  in a r r e s t  of the bleeding, 
is due to the t i ssue th romboplas t in  of the ve s se l  wall [4]. The development  of the hemor rhag i c  syndrome 
in radia t ion s ickness  may poss ib ly  be due not only to changes in the clott ing s y s t e m  of the blood i tself ,  
but also to d is turbances  in the t i s sue  fac to r s  of hemocoagulat ion.  

The object  of the p r e s e n t  invest igat ion was to s tudy the th romboplas t i e  act ivi ty  of the var ious  l a y e r s  
of the v e s s e l  wall  and also the re la t ionship  between the t i s sue  and blood f ac to r s  of btood clotting in the 
radia t ion hemor rhag i c  syndrome .  

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 40 rabbi t s  of both sexes  weighing f r o m  2500 to 4500 g in a fast ing 
s ta te  and without anes thes ia .  Whole-body i r rad ia t ion  was given with the RUM-11 appara tus ,  working with 
a vol tage of 190 kV, cu r r en t  10 mA, dose r a t e  9.5 R/min ,  f i l t e r s  0.5 m m  copper  and 1 m m  aluminum, and 
a sk in-focus  dis tance of 60 cm.  The exposure  dose of x - r a y  i r rad ia t ion  was 1200 R. After  i r r ad ia t ion  the 
an imals  developed a s e v e r e  degree  of acute radia t ion s i ckness .  About 60~c of the rabbi t s  taken in the ex-  
pe r imen t  died during the pe r iod  of two weeks before  the exper iment  began.  

The blood clotting t ime  of the animals  was m e a s u r e d  in B a z a r o n ' s  appara tus  [3] with automat ic  
the rmoregu la t ion  [4], the p la te le ts  and e ry th rocy tes  were  counted d i rec t ly  in the p h a s e - c o n t r a s t  m ic roscope ,  
the thromboplas t ic  act iv i ty  of the blood was de te rmined  by the method of Ulitina and Kudryashov [8], the 
cap i l l a ry  r e s i s t a n c e  by Borbe l i ' s  method, as descr ibed  by G. G. B a z a z ' y a n  [2], and the p ro th rombin  t ime  
was es t ima ted  by Tugolukov's  method. The thromboplas t ic  act ivi ty  of the ve s se l  wall (the int ima and the 
media  with the adventit ia),  the bra in ,  spleen,  and bone m a r r o w  was inves t iga ted  by P e r l i c k ' s  method [15]. 

The t i s sues  for  invest igat ion were  r emoved  and immedia te ly  ground in a po rce l a in  m o r t a r  with an 
equal of quartz  sand and 0.85% sodium chloride solution (1 ml  solution for  each 0.2 g t issue) to give a 
homogeneous mince .  This mix tu re  was allowed to stand in the r e f r i g e r a t o r  at  -24  ~ . The t i ssue  ex t rac t s  
f r o m  all the rabbi ts ,  both control  and exper imenta l ,  we re  col lected in the r e f r i g e r a t o r  for  the s imul taneous  
de te rmina t ion  of thei r  th romboplas t i c  act ivi ty.  After  a few days the thawed t i ssue  mix tu re  was centr i fuged 
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E f f e c t  of I r r a d i a t i o n  of R a b b i t s  on T h r o m b o p l a s t i c  A c t i v i t y  

Index 

Clotting time 
(in see) 

Thromboplastic 
activity o~ 
bh~od (in sec) 

Platelets (pe~ 
mm 8) 

grythrocytes (pet 
ramS) 

Capillary m- 
szstance(in see) 

Prothrombin (in 
see) 

Thromboplastic 
activity (in sec) 

Of intima 
Of media with 

adventitia 
Of brain 
Of bone marrow 
Of spleen 

Mean 
Ir~adi, 

r~176 Ia ted  

I 
1330,7 

44,52 

305000 

S 153 636 

4 110,5 

16,50 

I0,79 

12,45 

ll,50 
65,47 
20,21 

3 411,~ 

78,83 

82 000 

57 727 

,34518 

18,74 

15,17 

13,85 

12,40 
00,10 
13,52 

• 

control !Irradi' 
ated 

431,5 745.5 

7,114 12,98 

44 741 30 166 

759 031 727639 

545,9 738,7 

2,465 3,114 

2,352 4,550 

2,612 2,756 

1,233 1,429 
15,11 40,60 
9,03 3,961 

_*sY 

con~oi Irradi- 
ated 

30,1 224,7 

2,145 3,9H 

13 484 9 0g 

~28 856 2193s 

64,6 222,7 

0,22 0,9; 

0,726 1,37~ 

0,787 0,83: 

0.371 0,43( 
4,554 12,23 
2,722 1,19, 

<0,001 

<0,001 

<0,001 

<0,001 

<0,001 

>0, I 

<0,02 

>0,5 

>0,1 
<0,02 
<0,05 

7oi 

~0 

5/ 

35 

2a 

tC 

2 3 ~ 5  ~0 gO 30 50 fO0 ZOg ~, 

R e l a t i o n s h i p  b e t w e e n  c l o t t i n g  t i m e  
of c o n t r o l  p l a s m a  and  c o n c e n t r a t i o n  
of t i s s u e  e x t r a c t .  O r d i n a t e - c l o t t i n g  
t i m e  (in sec) ;  a b s c i s s a - c o n c e n t r a -  
t ion of e x t r a c t s  (in %, l o g a r i t h m i c  
s ca l e ) ;  1) bone  m a r r o w ;  2) sp l een ;  
3) b r a i n ;  4) m e d i a  wi th  adven t i t i a ;  
5) i n t i m a .  

f o r  15 re_in a t  3000 r p m .  The t i s s u e  e x t r a c t  was  w i t h d r a w n  and i t s  
pH a d j u s t e d  to 7 .4 -7 .5  by  the a d d i t i o n  of 0.014N NaOH so lu tuon  o r  
0.5% a c e t i c  a c e t i c  a c i d .  The t i s s u e  t h r o m b o p l a s t i c  a c t i v i t y  was  
d e t e r m i n e d  on a w a t e r  ba th  a t  37 ~ The  t e s t  s a m p l e  con t a ined  0.1 
m l  of t i s s u e  e x t r a c t ,  0.1 m l  of n o r m a l  p l a s m a ,  and  0.1 ml  of 0.025 
M c a l c i u m  c h l o r i d e  so lu t ion .  

A l l  the  i n v e s t i g a t i o n s  on the c o n t r o l  and  e x p e r i m e n t a l  a n i m a l s  
w e r e  c a r r i e d  out  b e f o r e  and two w e e k s  a f t e r  i r r a d i a t i o n .  B lood  
f o r  i n v e s t i g a t i o n  was  t aken  b e f o r e  i r r a d i a t i o n  f r o m  the m a r g i n a l  
ve in  of the  e a r ,  and a f t e r  i r r a d i a t i o n  f r o m  the f e m o r a l  a r t e r y  wi th  
s i l i c o n e - t r e a t e d  e a n n u l a s .  

The  e x p e r i m e n t a l  r e s u l t s  w e r e  a n a l y z e d  by  s t a t i s t i c a l  m e t h o d s  
[Zl] .  

EXPERIMENTAL RESULTS 

The normal values of the indices investigated, as determined 
in unirradiated rabbits, are given in the Table. 

In the Ii surviving rabbits 14 days after irradiation (altogeth- 
er 28 animals were used in the experiment) the thromboplastic 
activity of the blood and the platelet count showed a marked de- 
drease (see Table). By comparison with the normal animals, 
their blood clotting was slowed and their capillary resistance was 
reduced by 57%. The prothrombin activity was only slightly lower- 
ed in agreement with observations by other authors [5]. 

D e t e r m i n a t i o n  of the  t h r o m b o p l a s t i c  a c t i v i t y  of the  d i f f e r e n t  t i s s u e s  showed  tha t  in  a l l  c a s e s  the 
t h r o m b o p l a s t i c  a c t i v i t y  of  the  i n t i m a  of the  a o r t a  and  of the bone  m a r r o w  was  l o w e r e d .  The t h r o m b o p l a s t i c  
a c t i v i t y  of the  m e d i a  and a d v e n t i t i a  of the  a o r t a ,  l i ke  tha t  of the  b r a i n ,  showed  only  v e r y  s l i g h t  c h a n g e s .  
Only in  the  s p l e e n  was  the  t h r o m b o p l a s t i c  a c t i v i t y  i n c r e a s e d  a f t e r  i r r a d i a t i o n .  

To e x p r e s s  the  t h r o m b o p l a s t i c  a c t i v i t y  of the  s a m p l e s  of the  v e s s e l  w a i l  and  the  o t h e r  t i s s u e s  of the  
i r r a d i a t e d  a n i m a l s  as  a p e r c e n t a g e  of the t h r o m b o p l a s t i c  a c t i v i t y  of the t i s s u e s  f r o m  n o r m a l  a n i m a l s ,  
s t a n d a r d  d i lu t ion  c u r v e s  of the  e x t r a c t s  w e r e  p l o t t e d  ( see  f i g u r e ) .  
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It was thus shown that during development  of the hemor rhag i c  syndrome  the th romboplas t ic  act iv i ty  
of the in t ima fe l l  by  approx ima te ly  59% and that  of the bone m a r r o w  by approx imate ly  94%. Since the in-  
c r e a s e  in th romboplas t i c  ac t iv i ty  of the spleen exceeded the l imi t s  of n o r m a l  max ima l  act ivi ty  of i ts  t i s -  
sue,  i t  was e x p r e s s e d  as a pe r cen t age  of the act ivi ty  of the m a r r o w  thromoboplas t in ,  as has been  done by 
o ther  worke r s  [9, 10, 14]. An i nc r ea s e  f r o m  46 to 88%, i .e . ,  approx imate ly  twofold, was observed .  

A noteworthy f ea tu re  was the m a r k e d  d e c r e a s e  in the th romboplas t ic  act ivi ty  of the int ima and bone 
m a r r o w .  Whereas  the d e c r e a s e  in the th romboplas t ic  act ivi ty of the m a r r o w  was m o s t  l ikely to be  the 
r e su l t  of d is turbance  of p la te le t  fo rma t ion  in the mar row ,  i ts  d e c r e a s e  in the int ima may  be a sc r i be d  both 
to the d is turbance of th romboplas t in  fo rmat ion  in the endothelial  ce l ls  and to a d e c r e a s e  in the supply of 
th romboplas t in  to i ts  cel ls  f r o m  the blood. The dec rea se  in the th romboplas t i c  act ivi ty of the blood may 
thus be  e i ther  the cause  or  the ef fec t  of the d e c r e a s e  in the thromboplas t ic  act ivi ty  of the endothelial  ce l ls .  
Following the invest igat ions  of Johnson and c o - w o r k e r s  [13], the f i r s t  suggest ion s e e m s  m o r e  probable .  
Evidently the p la te le t s  a re  a s s i m i l a t e d  by the v e s s e l  wall  and mainta in  the physiological  c level  of p e r m e -  
abil i ty.  

Regard less  of i ts  mechan i sm,  the obse rved  dec r ea se  in the th romboplas t ic  act ivi ty of the int ima is 
an impor tan t  f ac to r  contr ibuting to the development  of the hemor rhag i c  syndrome,  for  when the blood v e s -  
se l  is injured,  the local  f ac to r s  of h e m o s t a s i s  a r e  not put into opera t ion as they should be.  

In the au thor ' s  opinion, the i nc rea se  in the thromboplas t ic  act ivi ty  of the spleen ex t r ac t  is the r e su l t  
of the intensif ied des t ruc t ion  of the blood cel ls  in this organ a f te r  i r rad ia t ion .  
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