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S T R U C T U R A L  A N D  F U N C T I O N A L  O R G A N I Z A T I O N  

O F  T H E  H E M O S T A T I C  C L O T  
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Exper imen ta l  data conf i rming  the au thors '  hypothesis  re la t ing  to s t ruc tu ra l  and functional o r -  
ganization of  the hemosta t ic  clot a r e  descr ibed .  The bas is  of the clot is a f i b r i n - p l a t e l e t  s t r u c -  
ture  in the meshes  of which e ry th rocy t e s  and leukocytes  a r e  dis tr ibuted.  Spontaneous compac -  
tion of the clot (retract ion) takes  place  on account of the cont rac t i le  p r o p e r t i e s  of the sur face  
s t ruc tu re  of the ac t ivated pla te le ts  - ext ruded pla te le t  cytogel .  It is demons t ra t ed  that d i s tu r -  
bance of the s t ruc tu re  of the clot during aggregat ion  of the p la te le ts  leads to inhibition of r e t r a c -  
tion. The sequence of p r o c e s s e s  taking place during format ion  and contract ion of the clot is d is -  
cussed.  
KEY WORDS: s t ruc tu re  of the blood clot; p la te le ts ;  re t rac t ion;  aggregat ion.  

Recent  expe r imen ta l  data have led to the suggest ion that in the blood clot the re  is a s t r i c t ly  r egu la r  s t r u c -  
tu re  which is e ssen t i a l  for p e r f o r m a n c e  of the hemosta t ic  function. The mos t  important  of these  data a re :  1) 
the connection between the mechanical  p r o p e r t i e s  of the clot and the number  and functional act iv i ty  of  the 
p la te le ts  [5, 9]; 2) the p re sence  of an ac tomyos in - l ike  pro te in  (thrombosthenin) and Ca-ADP in the p la te le ts  [6]; 
3) the exis tence of a specif ic  sur face  s t ruc tu re  of the ac t ivated plate le t ,  or  extruded eytogel,  capable  of con-  
t r ac t ion  and containing thrombosthenin  [3, 7, 11]; 4) the catalyt ic  act iv i ty  of the platelet  sur face  [10]. 

The object  of this invest igat ion was to ver i fy  exper imen ta l ly  the s t ruc tu ra l  and functional concept of the 
organizat ion of the hemosta t ic  clot. 

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

Blood was obtained by card iac  puncture f rom adult rabb i t s  and mixed with 3.8% Na c i t ra te  in the ra t io  of 
9:1. P l a t e l e t - en r i ched  p l a s m a  (PEP) was obtained by centr ifugation.  The number  of cel ls  was counted in a 
Goryaev ' s  chamber .  Pho tomic rography  was c a r r i e d  out with the ML-3 luminescence  mic roscope  [3]. Coagula-  
t ion of spec imens  of reca lc i f i ed  P E P  was r eco rded  on the N333 coagulograph,  and the mechanica l  p rope r t i e s  of 
the clot were  r eco r ded  on the T r0m b-2  thromboelas tographo Aggregat ion  of the p la te le t s  was r eco rded  by 
B o r n ' s  nephe lomet r ic  method [8]. 

A f luoromet r i c  method [2] was used for the object ive record ing  of the kinet ics  of t r ans fo rma t ions  of  the 
p la te le ts  during clotting. The method was based on the use of the abi l i ty of l y sosome- l i ke  c~ granules  of the 
p la te le ts  to accumula te  ac t ive ly  the f luorescent  label  3 ,6 -b i s -d ime thy laminoacr id ine  (acridine orange,  AO). The 
r eca l c i f i c a t i on t e s t  was c a r r i e d  out with 1.29% isotonic CaC12. 

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

To study the o r d e r  of  the p r o c e s s e s  taking place in reca lc i f ied  PEP,  the coagulogram (OG), t h romb o e l a s to -  
g r a m  (TEG), and f luo rogram (FG) were  r eco rded  s imul taneous ly  in the same  sample  of p l a sma  at different con- 
cen t ra t ions  of CaC12. To 2 ml P E P  at 37~ 0.05 ml of AO solution was added, a f te r  incubation for 10 min the 
CaC12 was added, and samples  of 0.36, 0.28, and 1.5 ml  r e spec t ive ly  were  taken for  r ecord ing  the TEG, CG, 
and FG. The curves  obtained were  combined by using a single t ime  sca le  (Fig. 1). 

With th ree  of the concentra t ions  of Ca 2+ ions t es ted  the TEG was located on the t ime  sca le  to the r ight  
of  the CG and FG, which p rac t i ca l ly  coincided, with only a sl ight shift re la t ive  to one another .  S imi la r  in fo rma-  
tion is given in the l i t e ra tu re ;  for instance,  the reac t ion  t ime (r) fo r  whole healthy human blood is 8 rain and the 
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Fig. 1. Dynamics  of p r o c e s s e s  taking place  in reca lc i f l ed  p l a sma .  A) 0.3 m !, B) 0.6 ml, C) 1.4 
ml  CaCl 2. Number  of p la te le ts  in P E P  707,000/mm3o Time scale  shown below (1 division = 
1 min). 

Fig. 2. Effect  of change in num ber  of p la te le t s  on p a r a m e t e r s  of T.EG and CG. A) 917,500, 
B) 370,000, C) 160,000, D) 20,000 c e l l s / m m  3. 

CG index - the t ime  for the end of clott ing and beginning of r e t r ac t ion  and f ibr inolys is  - i s  6-11 min [1]. This 
fact can be explained if it is a s s um ed  that  the clot fo rms  f i rs t  and subsequently cont rac ts .  The f i r s t  p r o c e s s  is 
well  r e f lec ted  in the CG, for  the s t ruc tu re  fo rmed depr ives  the sample  in the cuvette of the coagulograph of its 
mobili ty,  whereas  the second is re f lec ted  in the TEG, for the cont rac t i le  fo rces  a r i s ing  in the clot lead to twis t -  
ing of the de tec tor  of the ins t rument .  

Since the p la te le ts  play an important  role  in clot format ion,  it was n e c e s s a r y  to study the effect  of a change 
in the i r  number  on these  p r o c e s s e s .  For  this purpose  the TEG and CG were  r eco rded  s imul taneous ly  in samples  
of  P E P  containing different  numbers  of  p la te le t s .  

A d e c r e a s e  in the number  of p l a t e l e t s ' i n  the P E P  led to a v e r y  smal l  inc rease  in the t ime  of beginning of 
clot t ing T 1, as  r e co rded  on the CG, whereas  a cons iderab le  inc rease  was found in the max ima l  ampli tude (am)and  
lengthening of the reac t ion  t ime  (r) during record ing  of the TEG (Fig. 2). Jus t  as  in the prev ious  s e r i e s  of ex-  
p e r i m e n t s  the beginning of d ive rgence  of the b ranches  of the TEG was obse rved  to be at the end of the CG. The 
ampli tude of the TEG was thus d i rec t ly  dePendent on the number  of p la te le ts .  These genera l  p r inc ip les  can be 
explained by the fact that the CG re f lec t s  the prec ip i ta t ion  of f ibrin f i laments  whereas  the TEG re f lec t s  con t r ac -  
t ion of the clot. The t ime  of prec ip i ta t ion  of f ibrin f i laments  depends to a l e s s e r  degree  ca  the number  of 
p la te le ts  than the degree  of re t rac t ion .  

To ver i fy  the hypothesis  that cont rac t ion  of the clot  is due to the contract i le  ac t iv i ty  of the p la te le ts ,  it 
was n e c e s s a r y  to show how the dis t r ibut ion of p la te le t s  in the sample  of p l a sma  ( f rom diffuse to a high degree  
of aggregation) influences the p a r a m e t e r s  of the TEG. 
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Fig. 3. Effect  of s ta te  of aggregat ion  of p la te le t s  on mechanica l  p r o p e r t i e s  of  clot and 
abi l i ty  of p la te le t  to accumula te  and l ibera te  AO. A) ADP-induced platelet  aggregat ion.  
1) 10 -4 M ADP without mixing; 2) mixing for  2 min; 3) mixing for  6 rain; 4) control .  In 
FG, here and la te r :  t ime  sca le  below (1 d i v i s i o n = l  min), f luorescence  on left (10 con-  
ventional units). A r rows  indicate addition of AO and recalc i f ica t iou.  Aggregat ion  r e -  
corded at 22~ TEG and FG at 37~ Number  of ce l l s  in TEG 625,000/mm3; B) "spon-  
taneous"  aggregat ion  of p la te le ts  (with mixing). 1) "Spontaneous n aggregat ion (by Born ' s  
method) with different  t i m e s  of mixing and incubation of PEP.  1) Initial "spontaneous w 
aggregat ion;  2-3) mixing for  different  t imes ;  4) a f t e r  p l a sma  had stood for 30 rain a t  
22~ 5) same  p l a s m a  a f t e r  mixing and addition of ADP. Ver t i ca l  line m a r k s  t ime  of 
s t a r t ing  mixer ;  horizontal  line m a r k s  t ime  of stopping mixer .  T ime scale  below (1 
d i v i s i o n = l  min). II) TEG af te r  aggregat ion  in s ame  samples .  Continuous line shows 
initial TEG; broken  line exper imen ta l  TEG. Remainder  of  legend as in I. IIl) FG and 
CG af te r  "spontaneous"  aggregat ion of p la te le ts .  F r o m  left to right: control ,  sample  
1, sample  5. Hor izonta l  l ines m a r k  beginning a~d end of clott ing on CG. 

Aggregat ion of p la te le ts  is known to take place  as a r e su l t  of the act ion of an inducing agent (ADP, for 
example)  and contact  of the ce l l s  (mixing) [8]. To 0.9 ml P E P  0.1 ml  of a solution of ADP in physiological  saline 
was added, the mixture  was diluted 1:1 with physiological  sal ine,  and the TEG, CG, and FG were  r eco rded  a f t e r  
the addition of 0.3 ml CaC12. The comple te  FG (accumulat ion and l iberat ion of AO) was recorded ,  for which 
purpose  0.05 ml  of  AO solution was added to the suspension,  and the absorpt ion,  followed by the l iberat ion,  a f t e r  
addition of CaC12 were  recorded .  

The expe r imen t s  showed that addition of ADP without mixing (final concentra t ion 10 -4 M) caused the fo r -  
mation of smal l  aggrega tes  of p la te le ts  (Fig. 3A : 1, 4; ]3) and a dec r ea se  in the value of am.  Mixing (1000 rpm) 
a f t e r  addition of ADP led to a dec rea se  ia a m and caused the format ion  of ve ry  l a rge  aggrega tes  of  p la te le ts  
(Fig. 3B, 5). The effect  was propor t iona l  to the mixing t ime  (Fig. 3A: 2, 3). Considerable  changes in FG were  
observed :  a p r o g r e s s i v e  dec r ea s e  in the quantity of f luorescent  label  absorbed  and l iberated.  

During the record ing  o fp la te le t  aggregat ion  the following feature  was noted. Ia some samples  of  P E P  
s t rong  "spontaneous"  aggregat ion  of p la te le t s  a r i s ing  immedia te ly  a f t e r  mixing without addition 0fADP was ob- 
se rved ;  in the course  of incubation of the p l a s m a  the degree  of aggregat ion  changed (Fig. 3B, I, 1-4), and ul t i -  
ma te ly  the p l a s m a  became  insensi t ive to mixing. The abi l i ty  of  the p la te le ts  to aggrega te  a f t e r  addition of ADP 
and mixing st i l l  r ema i ned  (Fig. 3B, I, 5). 
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Although the cause  of this phenomenon is unknown, it was cons idered  in teres t ing  to study how mixing this  
p l a s m a  with a high degree  of "spontaneous" aggregat ion  affects  the indices of the TEG and FG. By switching on 
the mixe r  for  a short  t ime  it was poss ib le  to obtain different degrees  of aggregat ion - f rom comple te ly  r e v e r -  
s ible  to i r r e v e r s i b l e .  Under these  c i r c u m s t a n c e s  changes c h a r a c t e r i s t i c  of ADP-induced aggregat ion,  as de -  
s e r ibedabove ,  we re  observed .  S imi la r  changes  a lso  were  found in the c h a r a c t e r  of the FG. The CG and FG r e -  
edrded s imul taneous ly  coincided (Fig. 3B: II, III). 

Very  recen t ly  a t t empts  to e s t ima te  the ene rgy  of cont rac t ion  of the f i b r i n - p l a t e l e t  s t ruc tu re  of  the clot 
quanti tat ively have been published. This can be done both th romboe las tograph ica l ly  [5] and by d i r ec t  m e a s u r e -  
mea t  of r e t r ac t ion  of the clot by means of a meohano-e lec t r i ca l  t r a n s d u c e r  [4]. In this las t  pape r  p roof  of the 
complete  absence  of r e t r ac t ion  in p l a t e l e t - f r e e  p l a sma  and also that the maximal  s t rength  of r e t r ac t ion  is a 
l inear  function of the number  of  pla te le ts  was obtained. 

Direct  l u m i n e s c e n c e - m i c r o s c o p i c  observa t ions  led to the conclusion that  rapid  se l f - con t rac t ion  ( r e t r a c -  
tion) of the clot t a k e s  place on account of cont rac t ion  of a spec ia l ized  sur face  s t ruc tu re  of the plate le t ,  which 
has been cal led extruded platelet  cytogeL These resu l t s ,  together  with the facts mentioned above concerning the 
p resence  of cont rac t i le  prote in  (thrombosthenin) in p la te le ts  and its l iberat ion during viscous me tamorphos i s ,  
p resen t  a new pic ture  of the p r o c e s s  of clot formation.  The hemosta t ic  clot is a s t r i c t l y  o r d e r l y  s t ruc tu re ,  con-  
s i s t iag  of p la te le ts  connected by f i laments  of fibrin. In the meshes  of this network lie e ry th roey t e s  and leuko-  
cytes .  Such a s t ruc tu re  is capable  of se l f -compac t ion  on account of the cont rac t i l i ty  of the p la te le ts .  Under 
these  c i r cums t ance s  the th rombos thea in  which is a component of the specia l ized  sur face  s t ruc tu re  of the ac t i -  
vated p la te le ts  ~ the pla te le t  cytogel - cont rac ts .  Dis turbance of the s t ruc tu re  leads to a d is turbance of its he ine-  
s tat ic  function, for the f i b r i n - p l a t e l e t  network becomes  unable to cont rac t  and cannot ef fec t ively  hold up the 
blood flow. In the course  of the local  hemos ta t ie  p r o c e s s  the following chain of  pr incipal  events  thus takes  place:  
1) act ivat ion of the blood cel ls  (mainly platelets)  and procoagulant  enzymes;  2) adhesion of some  of the p la te le ts  
at  the edges of the region of injury to the blood ves se l  and Uberat ioa  of thrombosthenin  (cytogel) on the sur face  
of the f ree  pla te le ts ;  3) po lymer iza t ion  of f lbrinogen of the surface  of the p la te le ts  with the format ion  of f ibr in  
br idges  between the cel ls  and the format ion of the f i b r i n - p l a t e l e t  s t ruc ture ;  4) cont rac t ion  of the thrombosthea in ,  
leading to t ightening of the f i b r i a - p l a t e l e t  s t ruc ture ,  r e t r ac t ion  of the clot,  and the a r r e s t  of  bleeding. 

The p rob lem of the mechan i sms  respons ib le  for  the format ion  of the o rde r l y  f i b r i n - p l a t e l e t  s t ruc tu re  is 
s t i l l  unsolved. An important  role  evidently belongs to the catalyt ic  ac t iv i ty  of the sur face  of the ac t iva ted  
p la te le ts  [10], which is the s i te  of  s e l f - a s s e m b l y  of  the f ibr in  f i l a m e n t s .  
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