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COAGULATING ACTIVITY OF THE BLOOD, VASCULAR WALL, 
AND MYOCARDIUM UNDER HYPODYNAMIA CONDITIONS 

B.V.'Petrovskiy, E.I. Chazov, and S.V. Andreyev 

The l a c k  of information about t h e  s t a t u s  of  hernocoagulation, /45* 
thrombocyte a c t i v i t y ,  and o t h e r  coagulat ing f a c t o r s  of t h e  blood and 
vascular  w a l l  dur ing r e s t r i c t e d  movement has neces s i t a t ed  experimen- 
t a l  observat ions  on t h i s  problem [Tyavokin, 1966].** 

The coagulat ing p rope r t i e s  o f  t h e  blood, vascular  wall, and 
myocardium during hypodynamia i n  animals was s tudied.  

O f  131 c h i n c h i l l a  r a b b i t s  weighing 2-3 kg, 75 were kept  i n  hypo- 

dynamia f o r  3, 7, 1 4 ,  30, 45, and 60 days, and 56 con t ro l  animals 
were kept under normal condi t ions  f o r  t h e  same per iods .  Limita t ion 
of t h e  animalst  movement was accomplished through t h e  use of  s p e c i a l  
cages, as suggested by V.V. Tyavokin. Blood from t h e  marginal vein 
of t h e  r abb i t s1  e a r s  was co l l ec t ed  i n  silicon-impregnated test tubes  
and s t a b i l i z e d  with  sodium c i t r a t e  i n  a 1:9 r a t i o ,  a f t e r  which t h e  
animals were s a c r i f i c e d  and 1:10  e x t r a c t s  were prepared from t h e  a o r t a  
(by l a y e r s ) ,  myocardium, and venae cavae. Preparat ions  from t h e  
myocardium, a o r t i c  arch,  and abdominal a o r t a  were s t a i n e d  with fuchsin  
r e so rc ino l  using Weigert ls  method, halcyon blue using Stidman's 
method, and t o l u i d e  blue w i t h  subsequent enzymatic con t ro l  by hyal- 
uronidase; t h e  Sch i f f  r eac t ion  and Cross l s  method were used t o  show 
calcium c r y s t a l s .  

The genera l  coagulat ing a c t i v i t y  of t h e  blood increased sharply  
by t he  1 4 t h  day of  t h e  experiment (by 41.6%), but  l a t e r  decreased, 
reaching a minimum by t h e  60th day of  t h e  experiment (by 18% r e l a t i v e  
t o  con t ro l s ) .  Antiheparin a c t i v i t y  increased u n t i l  t h e  14 th  day 

(2.3 t imes) and markedly dropped u n t i l  t he  30th day of t h e  study 
( 1 . 4  t imes) ,  and then again increased.  During t h e  course of t h e  
experiment t h e  thromboplastic p rope r t i e s  of t h e  blood i n t e n s i f i e d  

17.7%, on t h e  30045th day of t he  experiment they became lower than 

*Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fore ign  t e x t .  
** Trans l a to r ' s  note:  References not ava i l ab l e ,  
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t h e  con t ro l s ,  and by t h e  60th  deny reached t h e  i n i t i a l  levc'l. Pro- 
thrombin a a t i v i t y  a l s o  inoreased u n t i l  t h e  14 th  d~ of  t h e  experiment 
(by 13X), and then decreased, becoming normal towards t h e  later 
per iod o f  observation. The an t icoagula t ing  p rope r t i e s  o f  t h e  blood 
fe l l  raz ; s i g n i f i c a n t l y  on t h e  14 th  day of  t h e  experiments, then 
increased and on t h e  60th day had a tendency t o  normalize, F ibr inase  
a e t i v i t y  increased 30% u n t i l  t h e  7 th  day o f  movement r e s t r i c t i o n ,  
f e l l  on t h e  14 th  day o f  t h e  experiment, and t h e  increased once again.  
A sharp increase  o f  f ibr inogen i n  t h e  blood o f  t h e  experimental  animals 
on t h e  3rd day of hypodynamia (65.8s r e l a t i v e  t o  c o n t r o l s )  was replaced 
beginning with t h e  7 th  day o f  t h e  experiment by a progress ive  decrease.  
Fibrinogen B sharply increased (!-3 t imes) u n t i l  t h e  30th day of hypo- 
dynamia, then i t s  quant i ty  decreased, but  remained h igher  than con t ro l .  
Pibrir. and fibrin-monomer degradation products were discovered only 
i n  t he  plasma o f  animals kept  i n  a mot ion-res t r ic ted regime f o r  7, 

Z 
C % 14, and 30 days. F ib r ino lys i s  was depressed by t h e  1 4 t h  day of  t h e  

s t u d i e s  (by 3 4 % ) ,  then increased maximally by ' t he  45th day of  move- 
ment r e s t r i c t i o n  (by 19%) and approached con t ro l  values on t h e  60th 

i= % 

2 day of  t h e  experiment (Fig .  1 2 ) .  

The coagulat ing a c t i v i t y  of  thrombocytes, determined by t h e  di f -  
ference between r e s u l t s  i n  thrombocyte and non-thrombocyte plasmas, 
a l s o  changed, depending upon t h e  dura t ion  of  t h e  animals'  s t a y s  i n  
hypodynamic condi t ions .  The o v e r a l l  coagulat ing c a p a b i l i t y  of 
thrombocytes decreased most s i g n i f i c a n t l y  on t h e  1 4 t h  day of motion 
r e s t r i c t i o n ,  but l a t e r  normalized. The an t ihepar in  a c t i v i t y  of 
p l a t e l e t s  underwent similar dynamics. The thromboylastic p o t e n t i a l  
of  thrombocytes usual ly  decreased u n t i l  t h e  14th  day of hypodynamia, 
but  then exceeded the  i n i t i a l  l e v e l .  Prothrombin complex enzyme 
a c t i v i t y  i n  t he  thrombocytes of t h e  r a b b i t s  f e l l  sharply  on the  
t h i r d  day of  t h e  experiment and rees tab l i shed  i t s e l f  on t h e  14th  
day of  t h e  experiment. Later ,  a second drop i n  blood p l a t e l e t  
prothrombin a c t i v i t y  was noted u n t i l  t he  45th day of motion r e s t r i c -  
b ionb  The an t icoagula t ing  a c t i v i t y  of p l a t e l e t s  decreased somewhat 
on the  t h i r d  day of hypodynamia because of a decrease of f r e e  hepar in  
i n  thei~i. On the  7 ~ 1 4 t h  day of t h e  experiment, t h e  an t icoagula t ing  
p rope r t i e s  of  thrombocytes and the  l e v e l  of heparin i n  them increased.  
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creaaed somewhat on t h e  
t h i r d  day of hypodynamla, 
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1 4 t h  day o f  t h e  exper i -  
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Thrombocyte q u a n t i t y  I 
i n  t h e  blood o f  exper i -  

J 
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u n t i l  t h e  7 t h  day o f  
t h e  experiment (1.8 1 i Fig. 12 .  The dynamics o f  o v e r a l l  coagula- 

t i o n ,  thromboplas t ic ,  and a n t i h e p a r i n  a c t i v i t y  t imes ) ,  then  g r a d u a l l y  
o f  t h e  blood dur ing  hypodynamia. I , 

decreased,  but  d i d  not  
1 - whole blood coagu la t ing  time, Lee and reach  t h e  i n i t i a l  l e v e l .  
White method; 2 - r e c a l c i f i c a t i o n  time; 
3 - prothrombin consumption; 4 - a n t i -  S i m i l a r  changes occurred  / 
h e p a r i n  a c t i v i t y ;  5 - plasma t o l e r a n c e  t o  wi th  t h e  c a p a b i l i t y  o f  
hepar in ;  a - a c t i v i t y ,  5; b - hypodynamia, 
days. blood p l a t e l e t s  t o  1 

! 

s t r a t i f y  and w i t h  t h e i r  ! 
adhes ive  a c t i v i t y ,  however t h e  peak of t h e s e  i n d i c e s  occured on t h e  1 
14th  day of  hypodynamia. Thrombocyte aggrega t ion  Inc reased  on t h e  3rd I 
day due t o  an  i n c r e a s e  o f  a l l  forms o f  aggrega tes .  On t h e  7 t h  day 

1 

o f  t h e  experiment,  t h e  o v e r a l l  q u a n t i t y  of  conglomerates decreased,  i 
I 

but  t h e  s p e c l f i c  weight of midd le -and la rge - s ize  aggrega tes  among I 

I 

them increased.  There was a simultaneous change i n  t h e  s e n s i t i v i t y  ! 

o f  thrombocytes t o  va r ious  aggrega t ing  a g e n t s .  By t h e  30th day of  
hypodynamia, t h e  aggrega t ing  a c t i v i t y  decreased due t o  an  dec rease  i n  /)18 
average and l a r g e - s i z e  conglomerates.  L a t e r ,  a s  a r e s u l t  of  t h e  
decomposition o f  average  and l a r g e - s i z e  aggrega tes ,  t h e i r  g e n e r a l  
number inc reased  (F ig .  1 3 ) .  

i R e s t r i c t i o n  o f  movements was a l s o  accompanied by s h i f t s  i n  t h e  

i t i s s u e  hemostat ic  system. The thromboplas t ic  a c t i v i t y  o f  t h e  
in t ima  media o f  t h e  a o r t a  and myocardium d i d  no t  change, and mani- 

! f e s t e d  i t s e l f  u n t i l  t h e  e x t r a c t s  were d i l u t e d  10,000 t imes .  The 
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- thrombokinase proper- 
i t ies o f  t h e  e x t e r n a l  

i 
I 

l a y e r  o f  t h e  a o r t a  
I decreased on t h e  7 t h  
i 
I day o f  t h e  sxperlment ,  
I reached i n i t i a l  l e v e l s  

I by t h e  1 4 t h  day, and 

---I i n c r e a s e d  i n  l a t e r  
1 per iods .  Venous 

lb0 - 
I thromboplas t in  a c t i v i t y  

J ?  H JO IS a r ~ * ~ ,  60 ku decreased 5 times by t h e  
7-14th day o f  motion 

i pig.  13. The dynamics o f  t h e  q u a n t i t y  of 
thrombocytes and t h e i r  f u n c t i o n a l  a c t i v i t y  r e s t r i c t Z m ,  was re- 

I dur ing  hypodynamia. e s t a b l i s h e d  on t h e  30th 

1 - q u a n t i t y  o f  thrombocytes; 2 - adhes ive  day, and a g a i n  decreased 
- - - - q u a n t i t y  of by t h e  60th  day o f  t h e  

aurrrcu C I I I A - U I I I U U C ~ G ~ S ;  a - hypodynamia, 
days. experiment.  The a n t i -  

hepar in  p r o p e r t i e s  o f  1.1 +......t. --A --'ocardium decreased by t h e  7-14th day o f  obse rva t ion ,  
30-60th days reached t h e  i n i t i a l  i n d i c e s .  Following a  

c r e a s e  on t h e  1 4 t h  day of t h e  experiment ,  con- 
o r  a n t l h e p a r i n  compounds i n  t h e  ve ins  were r e e s t a b l i s h e d  

~ u r r o w i n g  a  month of t h e  animals '  confinement i n  hypodynamic cond i t ions  

OVA-CIQ U I ~ U  my 

and on t h e  - -  ' 

cons ide rab le  (50%) de  
c e n t r a t i o n s  - . - -  

m e -  9 ---a - -  - 

Prothrombin 
except  t h e  intimi 
and on t h e  ' 
of r a b b i t s .  pol.  
t h e  coagulat  ' 
u n t i l  t h e  1 1  

ment, and aga ln  c 
t h e  7 t h  day o f  i n  
- - - -  . -  

complex enzyme a c t i v i t y  i n  t h e  t i s s u e s  under s tudy ,  
n, inc reased  on t h e  3rd day o f  motion r e s t r i c t i o n ,  

7th day d i f f e r e d  from t h e  i n d i c e s  o f  t h e  c o n t r o l  group 
- - lowing an  i n c r e a s e  on t h e  3rd day o f  hypodynamia, 

; ing  a c t i v i t y  o f  t h e  ve ins  and myocardium s t e a d i l y  dropped 
I th  day, inc reased  aga in  fo l lowing  a month o f  t h e  exper i -  

lecreased by t h e  60th  day o f  obse rva t ion .  Following 
m o b i l i z a t i o n ,  t h i s  index i n c r e a s e d  under t h e  i n f l u -  

ence ox she e x t r a c t s  from t h e  middle and e x t e r n a l  l a y e r s  o f  t h e  a o r t a ,  
then  la ter  d i d  no t  d i f f e r  from t h e  c o n t r o l s .  

The a n t i c o a g u l a t i n g  p r o p e r t i e s  o f  t h e  v e s s e l s  and myocardium 
i n c r e a s e d  on t h e  3rd day o f  hypodynamia, then  decreased on t h e  7 th  
4 



day. Later  t h e  an t looagula t ing  a c t i v i t y  of the ves se l s  and myooardim 
increased r i g h t  up t o  t h e  60th day of  observation,  bu t  t h a t  of the 
int ima re turned  t o  i n i t i a l  f igurea  following the 30th day. The a n t i -  
coagulating resources  o f  t h e  v e ~ a e l s  and t h e  myocardium Increased 
due t o  both hepar in  and heparin-l ike compounde. 

The f i b r i n - s t a b i l i z i n g  a c t i v i t y  of  t h e  a o r t a ,  myocardium, and 
venae cavae increased,  reached a maximum by t h e  14 th  day of  immobiliza- 
t i o n ,  and gradual ly  decreased t o  con t ro l  values by t h e  end o f  t h e  
experiment. The ves se l s  and myocardium of i n t a c t  r a b b i t s  had a very 
low f i b r i n o l y t i c  a c t i v i t y .  I n  t h e  a o r t a ,  plasminogen a c t i v a t o r s  
appeared i n  i n s i g n i f i c a n t  q u a n t i t i e s  only i n  t h e  a d v e n t i t i a .  The 
concentra t ion of f i b r i n o l y s i s  s t imu la to r s  was higher  i n  t h e  veins 
than i n  t he  ao r t a .  The low f i b r i n o l y t i c  a c t i v i t y  of  t h e  ves se l s  
and myocardium was condit ioned by t h e  presence of  powerful plasmlno- 
gen i n h i b i t o r s ,  t he  concentra t ions  of  which were h igher  i n  t h e  i n t e r n a l  
and middle l a y e r s  of  t h e  ao r t a .  The content  o f  f i b r i n o l y s i s  a c t i v a t o r s  
increased on the  3rd day of t h e  experiment, dropped sharply by t h e  7 th  
day, increased again  following two weeks of  t h e  animals1 s t a y  i n  hypo- 
dynamia, then l a t e r  remained t h e  same. Despite t h e  increase  i n  t h e  
concentra t ion of  enzyme process c a t a l y s t s  on t h e  t h i r c  day, t h e  
f i b r i n o l y t i c  a c t i v i t y  of  t h e  a o r t a ,  myocardium, and venae cavae was 
low due t o  t h e i r  high content  of  f i b r i n o l y s i s  i n h i b i t o r s .  Only i n  
t h e  veins  d id  t h e  l e v e l  of  plasminogen i n h i b i t o r s  decrease following 
sho r t  term motionlessness. The f i b r i n o l y t i c  p o t e n t i a l  of t h e  a o r t a ,  
myocardium, and venae cavae decreased on t h e  7 th  day of hypodynamia, 
and increased somewhat following two weeks of  immobilization. Pol- 
lowing 30-60 days of  observation,  t he  quant i ty  o f  f i b r i n o l y s i s  
ac t iva5ors  i n  t h e  vascular  wall  and myocardium remained i n  t h e  l e v e l  
of  t he  1 4 t h  day, but  t h e i r  f i b r i n o l y t i c  p o t e n t i a l  increased s i g n i f i -  
can t ly .  Obviously, t h e  speed of  t h e  enzymatic process i s  b a s i c a l l y  
caused not by a c t i v a t o r s ,  but  depressors  of  f i b  i n o l y s i s ,  t he  con- 
cen t r a t i ons  of which dropped sharply i n  t he  l a t e r  periods of t h e  
experiment. 

During h i s t o l o g i c  study of  preparat ions  from the  a o r t a ,  edema 
of t h e  endotheliurn, subendothellurn, and basa l  mat ter  of t h e  vascular  



wall appeared on t h e  3rd day of hypodynamia, Endothelgal cell8 were 
enla rgrd  and protruded I n t o  the vasau la r  lumen. The number o f  oon- & 
nea t ive  t i s s u e  element8 I n  the edematoun b a s a l  matter of  t h e  vaauulsr  
wall increaaed. I n  t h e  a l t e r e d  endothelium, aubendothelium, a n d - h t s r -  
s t i t i a l  matter of  t h e  middle l a y e r  o f  t h e  a o r t a ,  a metachromatio 
substance appeared following 3 days o f  hypodynamia, a substance which 
disappeared a f t e r  p r i o r  t reatment  of  t h e  a o r t i c  s ec t ions  with hyal- 
uronidase, which i n d i c a t e s  t h e  p ~ e s e n c e  of  ae id  mucopolysaccharides 
o f  t h e  chondroi t in  a u l f u r i c  a c i d  and chondroi t in  s u l f a t e  A and S 
types.  Af te r  one o r  two weeks o f  t h e  animals'  s t a y  under hypodynamic 
condi t ions  t h e  edema i n  t he  vascular  wall i n t e n s i f i e d *  Metachromatic 
s t a i n i n g  increaaed from t h e  a d v e n t l t i a  t o  t h e  int ima.  The g r e a t e s t  
concentra t ion o f  a c i d  mucopolysaccharides w 9 s  noted i n  the int ima.  
Res t r i c t i on  of  movement caused d i s rup t ions  i n  t he  microcircula tory 
bed of  t h e  a o r t i c  adven t i t i a .  On t h e  14 th  day of  hypodynamia, stasis, 
p a r i e t a l  and obs t ruc t ive  thrombi, d i l a t a t e d  venules, and s t e n o s i s  of  
the  a r t e r i o l e s  was noted i n  t h e  ves se l s  of the  adven t i t i a .  The changes 
i n  t h e  e l a s t i c  framework following two weeks o f  hypodynamia were o f  
a pronounced na ture ,  The e l a s t i c  f i b e r s  were thickened and fragmented, 
and the i r  i n t imic  connection with t h e  basa l  matter of t h e  a o r t a  was 
disrupted.  Calcium c r y s t a l  impregnation appeared along the  paths  of 
t h e  a l t e r e d  e l a s t i c  s t r u c t u r e s .  A t  l a t e r  per iods  of  hypodynamia, 
plaques appeared i n  t he  a o r t i c  a rch  and aneurisma i n  t h e  abdominal 
ao r t a .  Vascular wall edema decreased i n  these  per iods  of  observat ion,  
but t he  development of  connective t i s s u e  was i n t e n s i f i e d .  De t r i t u s  
and fragments of  e l a s t i c  f i b e r s  were concentrated a t  t he  cen te r  o f  
t h e  plaques, a pronounced r eac t ion  of f i b r o b l a s t s  and f ib rocy tes  was 
noted a t  t he  periphery,  a s  was t h e  appearance of  col lagen f i b e r s  
forming a .Vibrous capsule.  The quant i ty  of a c i d  mucopolysaccharides 
i n  tne cen te r  of t h e  plaques decreased, but  t h e i r  concentra t ion 
remained r a t h e r  high a t  t h e  periphery.  

Hence, dur ing t h e  early periods of  movement r e s t r i c t i o n  edema 
of t h e  endothelium, subendothelium, and basal mat ter  developed i n  
t h e  ao r t a ,  a s  d i d  an i n t e n s i f i c a t i o n  of ac id  mucopolysaccharide 
syn thes i s ,  By t h e  7014th days t h e  e l a s t i c  s t r u c t u r e s  of t h e  a o r t a  
were a l s o  involved i n  t h e  process,  which was shown by t h e i r  swel l ing 
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, 

and fragmentation, and the deposltlon of calcium crystals along the 

course of the membranea. Prolonged stays of the animals in hypo- 

dynamic condition8 were conducive to the development of plaques and 

aneurgama (Fig. 14). 

Fig. 14. Changes In the wall of the aorta. 3 0 x  magnification. 

a - swelling of the intermediate matter and cellular elements 
(rabbit 9, hypodynamia for 3 days); 

b - calcium deposition in an atherosclerotic plaque (Koss + 
halcyon blue; rabbit 10, hypodynamia for 7 days). 
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I n  t h e  e a r l y  pe r iods  o f  motion restriction,hypercoagulemia & I  
developed i n  t h e  r a b b i t s t  blood, p a r t i c u l a r l y  on t h e  1 4 t h  day. The 1 

decrease  i n  f i b r i n o g e n  l e v e l ,  f i b r l ~ a s e  a c t i v i t y ,  t h e  number of  blood 
p l a t e l e t s ,  and t h e i r  c o a g u l a t i n g  p r o p e r t i e s ,  t o g e t h e r  wi th  t h e  in-  
c r e a s e  i n  blood thromboplas t ic  a c t i v i t y  and t h e  appearance of r e l i a b l e  ; 

symptoms of thrombinemia evidenced t h e  development of  i n t r a v a s c u l a r  
5 

coagu la t ion  I n  ithe exper imenta l  animals  by t h e  1 4 t h  day of  t h e  exper i -  
ment. A more prolonged s t a y  i n  tlypodynamic c o n d l t i o n s  caased hypo- & '  
coagulemia i n  t h e  r a b b i t s ,  which by t h e  end o f  t h e  second month o f  
t h e  experiment was r e p l a c e d  by normal iza t ion  of t h e  maJor i ty  of t h e  
i n d i c e s .  Hemostatic changes dur ing  hypodynamia occurred  a s  i n  t h e  

s 

thrombohemorrhagic syndrome wi th  a hypercoagulemjc phase, which de- i 

veloped as a consequence o f  t h e  appearance o f  a c t i v e  thromboplas t ic  
subs tances  from t h e  v a s c u l a r  w a l l s  i n  t h e  bloodstream, and a phase 
o f  hypocoagulemia, which was t h e  r e s u l t  o f  t h e  consumption o f  hemo- 
coagu la t ion  f a c t o r s .  Changes i n  t h e  t i s s u e  hemosta t ic  system were 
of  a c o n t r a r y  n a t u r e .  I n  t h e  e a r l y  p e r i o d s  of motion r e s t r i c t i o n ,  
a n t i c o a g u l a t i n g  and f i b r i n o l y t i c  a c t i v i t y  i n  t h e  v a s c u l a r  wall and 
myocardium inc reased ,  wi th  a s imultaneous dec rease  i n  f i b r i n -  
s t a b i l i z i n g ,  and i n  t h e  venae cavae thromboplas t ic ,  p r o p e r t i e s .  
The i r r e g u l a r  accumulation o f  subs tances  wi th  pronounced a n t i c q e g u l a t -  
i n g  a c t i v i t y  i n  t h e  v a s c u l a r  w a l l  p o s s i b l y  l e d  t o  l o c a l  hemorrhaging 
i n  t h e  vasa vaaorom. P r o f i b r i n o l y s i n  was p r e c i p i t a t e d  i n  t h e  forming 
f i b r i n ,  which i n t e n s i f i e d  t h e  f i b r i n o l y t i c  p r o p e r t i e s  o f  t h e  v e s s e l s .  
The a l t e r e d  vascu la r  wall was t h e  source  o f  a c t i v e  thrombogenic 
subs tances  which e n t e r e d  i n t o  t h e  bioodstream and r e s u l t e d  i n  dis-  

r u p t e d  hernocoagulation. The i n c r e a s e  i n  thrombocyte f u n c t i o n a l  
a c t i v i t y  which a r o s e  h e r e  was accompanied by blood c i r c u l a t i o n  d i s -  

turbances  i n  var ious  organs and t i s s u e s ,  among them t h e  a o r t a  and 
myocardium, which i n t e n s i f i e d  even more t h e  changes which were 
observed i n  them. 

Change i n  t h e  coagu la t ing  a c t i v i t y  o f  t h e  blood and t i s s u e s  
dur ing  hypodynamia m a n i f e s t s  i t s e l f  i n  t h e  form o f  t w ~  in te rconnec ted  
and mutual ly condi t ioned syndromes: thrornbohemorrhagic i n  t h e  blood 
and hemorrhago-thrombotic i n  t h e  t i s s u e s .  
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