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Adhes iveness  and aggregat ion  of blood pla te le ts  a r e  reduced  in r a t s  with acute radia t ion  s ickness .  
It is postulated that this may  be due to a d e c r e a s e  in act ivi ty  of p l a sma  fac tor  XHI. 

In the pathogenesis  of the hemor rhag ic  dia thesis  following i r rad ia t ion  cons iderable  impor tance  is a t -  
tached to changes in the m e g a k a r y o c y t e - p l a t e l e t  sys t em.  

Until r ecen t ly  the effor ts  of inves t iga tors  were  concent ra ted  pr inc ipal ly  on studying the number ,  m o r -  
phology, and th romboplas t in  act ivi ty  of the blood pla te le ts  in acute rad ia t ion  s ickness  [6-8, 11]. Only a few 
sca t t e r ed  r e f e r e n c e s  a r e  found in the l i t e r a tu re  to changes in physiological  p r o p e r t i e s  of the pla te le ts ,  and 
in pa r t i cu la r ,  to the i r  adhes iveness  in acute radia t ion  s ickness  [4, 14]. The abil i ty of the pla te le ts  to ag-  
g rega te  and the ro le  of p l a s m a  fac to r s  in the m e c h a n i s m  of adhes iveness  and aggregat ion of the p la te le ts  
have not been studied. 

The object  of the p resen t  invest igat ion was to study the physiological  p rope r t i e s  of the pla te le ts  in 
acute radia t ion  s ickness  and to examine some aspec t s  of the m e c h a n i s m  of d is turbance  of thei r  physiological  
function. 

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

Exper imen t s  we re  ca r r i ed  out on 330 sexual ly  m a t u r e  Wis ta r  r a t s  of both sexes ,  weighing 140-350 g. 
In the expe r imen t s  of s e r i e s  I (229 ra t s )  the number ,  morphology,  adhes iveness ,  and aggregat ion  of the p la te-  
le ts ,  the bleeding t ime  and volume of blood lost ,  and the act ivi ty of fac tor  XIII were  de te rmined  for  healthy 
and i r r ad ia ted  ra t s ;  in the exper imen t s  of s e r i e s  II (101 ra ts )  the effects  of s e rum and p l a t e l e t - f r ee  p l a sma  
f rom healthy an imals  on adhes iveness  and aggregat ion  of r a t  p la te le ts  we re  invest igated at the height of 
acute radia t ion s ickness  (7th and 15th days). 

Acute radia t ion s ickness  was produced by i r rad ia t ing  the an imals  with Co 6~ ~ - r a y s  on the G a m m a c e l l  
220 appara tus  in a dose of 600 R (dose r a t e  77 R / sec ) .  The an imals  we re  i r r ad ia t ed  in conta iners  cons t ruc ted  
f rom organic  g lass .  Tes t s  we re  c a r r i e d  out 6 h and 1, 2, 3, 7, 15, and 30 days a f te r  i r rad ia t ion .  The 
s eve r i t y  of the radia t ion  s ickness  was judged f rom the clinical  p ic ture ,  changes in the leukocyte count in 
the c i rcula t ing blood, and pathomorphologica l  changes.  

The pla te le t  count [10] was de te rmined  using the diluting fluid of F i she r  and G e r m e r  [5], and the 
different ia l  platelet  count [2], adhes iveness  [13, 16] of the pla te le ts  (by a slightly modif ied method),  and ag-  
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gregation of the platelets under the influence of 
ADP [9] were  determined. ADP ("Reanal," Hun- 
gary) was used in a final concentration of 0.2 rag/ 
ml.  Observations on platelet aggregation were  
continued for 12 min. Plasma,  rich in and free 
from platelets,  was obtained by differential centri-  
fugation of blood at 120 and 15,000 g respect ive ly  
for 15 min. The bleeding t ime [2] was measured,  
the volume of blood lost  was calculated from the 
hemoglobin concentration inblood escaping from an 
incision, and the activity of factor XIII [1] was 
determined. To obtain serum, whole blood was in- 
cubated at 37 ~ for 3 h. 

To study the mechanism of disturbance of the 
adhes iveness  and aggregation of platelets,  1 ml  
blood or 1.5 ml  platelet-rich plasma from irradi - 
ated animals was treated with 0.2 ml  serum or 
platelet- free  plasma of healthy animals.  The ef-  
fect of platelet-free plasma from healthy animals  
on the physiological  functions of platlets from ir -  
radiated rats was also determined from changes 
in the adhes iveness  of the platelets,  the bleeding 
time, and the volume of blood los t  by irradiated 
rats after intravenous injection of 1 ml  platelet-  
free plasma from healthy rats stabil ized with 3 units 
heparin. The investigations were  carried out 40 
min later.  In control tests  1 ml  0.85% NaC1 solu-  
tion containing 3 units heparin was injected. 

EXPERIMENTAL RESULTS 

All the experimental animals developed mo- 
derately severe radiation sickness (LD 9/30). Post- 
mortem examination of the animals which died re- 
vealed congestion of the organs and hemorrhages 
of varied severity into the subcutaneous areolar 
tissue, muscles of the fore- and hind limbs, lungs, 
visceral and parietal pleura, mesentery, and mu- 
cous membranes of the gastro-intestinal tract. 

Similar changes were found in rats saerific ed on 
the 7th day of radiation sickness. On the 15th day of ra- 
diation sickness the changes were less marked: hem- 
orrhages were found principally inthe lungs. 

The results obtained show that ionizing radia- 
tion causes quantitative and qualitative changes 
and changes in function of the blood platelets dur- 
ing the first few days after irradiation (Table I). 

The most marked changes were observed at 
the height of acute radiation sickness. On the 7th 
day the number of platelets fell to 20~c of the initial 
level and the differential count revealed a sixfold 
increase in the number of old and irritation forms 
the young forms had almost completely disappeared, 
and the number of mature forms was reduced by 
half; degenerative forms of platelets appeared 
(mean number 17%). 
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TABLE 2. Changes in Physiological  P roper t i e s  of Platelets  from 
Ir radia ted  Rats after  Intravenous Injection of P l a t e l e t -F ree  P lasma 
from Healthy Animals (M ~ t) 

Index 

Bleeding time (in min) 
Volume of blood lost (x 10 -4 ml) 
Adhesiveness (in %) 

0.85% Nac1 Solution 
before in- after in- 
jection jection 

350,0 
7,6___6,9 

Platelet-free plasma. 
before in- after in- 
jection jection 

6,4 5,4 
307,0 185,0 t 

36,5• t 

* See Table 1. 

Besides quantitative and morphologicaI  changes in the i r radia ted  animals,  dis turbances of platelet  
function were  observed.  The number of adhesive forms was reduced by 75% 6 h after  i r radiat ion compared 
with healthy animals.  In the next 3 days a small  increase  in the number of acthesive forms of platelets was 
observed,  but on the 7th day their number re11 again to 13.5~ of its initial value. The t ime of onset of plate- 
let aggergat ion was lengthened 24 h after  i r radiat ion on the average  by 19 sec, and the decrease  in optical 
density of the plasma was reduced by 28%; at the height of acute radiat ion sickness (7th day) the t ime of 
onset of aggregation was shortened by 12% and the decrease  in optical densi W of the plasma was 43 ~ higher 
than in healthy animals.  In 3 of 14 ra t s  on the 7th day and 5 of 7 r a t s  on the 15th day of radiat ion sickness,  
the two success ive  phases of aggregation and deaggregation were interchanged. In the healthy animals,  
very  slight deaggregation of platelets aggregated under the influence of ADP was observed in only one case.  
The bleeding t ime on the 7th day of the s ickness  was increased by 35% and the volume of blood lost  was 
increased by 2.5 t imes  compared with healthy animals.  Complete r es to ra t ion  of the platelet count was ob- 
served 30 days after  irradiat ion,  but changes in the differential platelet count still persisted:  an increase  
in the proport ion of old fo rms  of platelets and the presence  of degenerat ive forms;  the physiological p rope r -  
ties of the platelets were at a lower level than in healthy animals.  

Besides changes in the platelets of the i r radia ted ra t s ,  a marked  decrease  in f ibrinase activity was 

also observed.  

To explain the mechanism of disturbance of the physiological functions of the platelets in ra t s  with 
acute radiation s ickness,  the experiments  of ser ies  II were ca r r i ed  out. These  showed that after  addition 
of p la te le t - f ree  plasma or serum from healthy ra t s  in vitro to blood or p la te le t - r ich  plasma f rom irradiated 
animals,  the adhesiveness of the platelets was increased from 6.6 to 20.8%, and their ability to aggregate  
was improved. The addition of physiological  saline produced no such changes. Af te r  intravenous injection 
of pla te le t - f ree  plasma from healthy animals into i r radia ted ra t s ,  the adhesiveness of the platelets of the 
i r radia ted  ra t s  was increased by 5.5 t imes.  Meanwhile the bleeding t ime was shortened by 1 min and the 
volume of blood lost  reduced almost  by half (Table 2). Intravenous injection of physiological saline, on the 
other hand, led to a slight depress ion of physiological function of the platelets.  

The mechanism of disturbance of the physiological functions of the platelets,  of their  adhesiveness and 
ability to aggregate,  in acute radiat ion sickness remains  unexplained. It has been suggested [14] that the 
decreased  adhesiveness of the platelets in acute radiat ion s ickness  is associa ted  with the appearance of an 

inhibitor in the blood. 

Various investigations have shown that the blood of healthy animals and man contains an adhesiveness 
and aggregation factor  [12, 15]. The nature of this factor  is not known. It was shown previously that there  
is a definite relat ionship between the changes in the activity of factor  XIII and the adhesiveness and ag-  
gregating power of the platelets: the higher the activity of factor  XIIIthe higher the adhesiveness and ag- 
gregat ion power of the platelets,  and conversely,  with a decrease  in activity of factor  XIII, the adhesiveness 
and aggregation power of the platelets falls. On the basis  of these observat ions it was postulated that be- 
sides other factors ,  factor  XIII is concerned in the adhesiveness and aggregation of platelets [3]. 

A direct  relat ionship between changes in the activity of factor  XIII and platelet function was also ob- 

served in the course  of the present  investigation. 

The resul ts  obtained thus suggest  that disturbance of the adhesive and aggregation proper t ies  of plate-  
lets in acute radiat ion sickness are  due principally to a decrease  in the activity of factor  XIH, ra ther  than 
to changes in the morphology of the ptatelets.  
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