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Exper imen t s  on rabbi t s  have shown that the Kupffer cel ls  p o s s e s s  ve ry  low th romboplas t i e  
and f ibr inolyt ic  act ivi ty but high an t i th rombin  activity. Radiat ion in ju ry  leads to a dec rea se  
in the th romboplas t i e  activity of the Kupffer cel ls .  

Inves t igat ions  have shown that the l a rge  blood ve s se l s  contain a th romboplas t i c  subs tance  which, as 
r ecen t  work in the w r i t e r s '  l abora to ry  has demons t ra ted ,  is  concent ra ted  in the cel l  m e m b r a n e s  [4]. 

Despite  the fact that it is  in the cap i l l a r i e s  that the blood is in contact  most  with the v e s s e l  wall, 
no study of the coagula tory  p rope r t i e s  of the cap i l la ry  endothel ium has  yet been  under taken.  

The object  of the p r e s e n t  inves t iga t ion  was to study some hemocoagula tory  p rope r t i e s  of the Kupffer 
cel ls  f rom s inusoids  of the l i ve r  and also to examine  the i r  changes in the he mor r ha g i c  d ia thes i s  developing 
in radia t ion s ickness .  

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

The method used to obtain Kupffer cel ls  f rom the rabbi t  l i ve r  was developed on the ba s i s  of p rev ious  
techniques  [10, 12, 13]. 

Rabbits  weighing f rom 2500 to 4000 g were anesthet ized with thiopental ,  l aparo tomy was per formed ,  
and 30 ml of a 15% suspens ion  of i ron  carbonyl  in isotonic NaC1 solut ion containing 5% starch was in jec ted  
slowly into the por ta l  vein. The l i ve r  was per fused  3-6 h after  the in jec t ion in i t i a l ly  through the aorta,  and 
then through the hepatic vein, with an i ce -co ld  solut ion of 0.25 M suc rose  containing 0.01 M EDTA solution, 
pH 7.4. 

Liver  t i ssue ,  f reed f rom blood, was put through a s t a in less  s teel  mincer .  The homogenate  was shaken 
up with 2 or 3 vo lumes  of per fus ion  fluid and f i l te red  through silk. The r e su l t ing  suspens ion  was c e n t r i -  
fuged at 1000 rpm for 2 min. The upper,  re la t ive ly  t rmmlucen t  layer ,  containing in ju red  l i v e r  cel ls  and 
blood cel ls ,  was removed.  The two r ema in ing  layers ,  an upper  layer ,  blood red in color  and containing 
parenchymatous  cel ls ,  m~d a lower g ray i sh -b l ack  l aye r  containing re t i cu lo -endo the l i a l  cel ls ,  were removed 
separa te ly ,  resuspended in per fus ion  fluid, and recentr i fuged.  This p rocedure  was repeated  th ree  t imes .  
The re t i cu lo-endothe l ia l  ce l l s  were then col lected in conical  tubes,  suspended in physiological  sal ine,  and 
placed in a solenoid magnet  developing a magnet ic  field with an in tens i ty  of about 1000 Oe. Cel ls  conta ining 
i ron  were  a t t rac ted  to the bottom of the tube. 

The cel ls  were inspected through a p h a s e - c o n t r a s t  microscope.  Ret icu lo-endothe l ia l  cel ls  contained 
granules  of i ron which shadowed the detai ls  of the in te rna l  s t ruc tu re .  The pa renchymatous  ce l l s  formed a 
frothy f ract ion cons i s t ing  of we l l -p rese rved  cells .  

Two s e r i e s  of exper imen t s  were c a r r i e d  out on 37 rabbi ts ,  in which 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  microscope ,  the th romboplas t i c  act ivi ty  of the blood was de t e r -  
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TABLE 1. Content  of Fac to r s  Affecting Blood Clott ing in Kupffer Cel ls  

Index studied 

Thromboplas t i c  act ivi ty  (in %) . . . . . . . . .  
Ant i th rombin  II (in %) . . . . . . . . . . . . . . .  
Ant i th rombin  IH (in %) . . . . . . . . . . . . . . .  
F ib r ino ly t i c  act ivi ty  . . . . . . . . . . . . . . . .  
Thromboplas t i c  act ivi ty  of blood (in %) . . . .  
P la te l e t s  (in thousands) . . . . . . . . . . . . . .  
E ry th rocy tes  (in thousands) . . . . . . . . . . .  
P r o t h r o m b i n  (in %) . . . . . . . . . . . . . . . . .  
Cap i l l a ry  r e s i s t a n c e  (in %) . . . . . . . . . . . .  

Control  an imals  

7.84 ± 0.87 
380.45 :~ 24.25 

72.63 +6.46 
0 

i00.00 :E 1.53 

374 =L 22.9 

5599+ 329.6 
I00.00 ~- 1.98 
100.00 ±3.10 

I r r ad ia t ed  an imals  

1.99 =~ 0,39 
333.45 ~= 23.90 
101.50 ±8.68 

0 
38.50 ~= 2.36 

123 :~ 9.12 
3930 =~273 
97.0 ±2.06 

38.12 :L 2.18 

Stat is t ical  s igni f icance  
of d i f ference  between 
m e a n s ,  P 

< 0.001 
< 0.002 
> 0.25 

< 0.001 
< 0.001 
< 0.001 
>0.2 
< 0.001 

mined  by the method of Ul i t ina  and Kudryashov [6], the p ro th rombin  t ime was de t e rmined  by Tugolu-  
kov 's  method [5], and the cap i l l a ry  r e s i s t a n c e  was de te rmined  by Borbo la ' s  method, as desc r ibed  by 
Bazaz ' yan  [2]. 

The condit ions of i r r a d i a t i o n  were  as descr ibed  p rev ious ly  [1]. The exposure  dose of x r ays  was 
1200 R. After  i r r ad i a t i on  the an ima l s  developed acute rad ia t ion  s ickness .  About 67% of the i r rad ia ted  a n i -  
m a l s  died dur ing  the 2 weeks before  the expe r imen t  began. 

The re t i cu lo -endo the l i a l  cel ls  of the l ive r  of the control  and i r r ad i a t ed  rabb i t s  were kept at -25°C.  
The ba tches  of ce l l s  were thawed s imul taneous ly  and ground in a g lass  homogenizer .  The i r  th romboplas t i c  
act ivi ty was de t e rmined  by P e r l i e k ' s  method [11], the i r  an t i th rombin  H and III content  by the method of 
Witte and D i r n b e r g e r  [14, 15], and the i r  f ibr inolyt ic  act ivi ty  by the method of As t rup  and Albrech t sen  [8]. 

The expe r imen ta l  r e su l t s  were  subjected  to s t a t i s t i ca l  ana lys i s  [7]. 

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

The tes t s  showed that  Kupffer cel ls  of un i r r ad i a t ed  rabb i t s  pos se s s  low th romboplas t i e  activity,  on 
the average 7.84% of the th romboplas t i c  act ivi ty of the blood and under  1% of the th romboplas t i c  act ivi ty of 
the in t ima  of the aorta.  They also p o s s e s s  high an t i th rombin  act ivi ty  but do not p o s s e s s  f ibr inolyt ic  act ivi ty  
(Table 1). 

The biological  impor t ance  of these  d i f ferences  can be unders tood  if  they are compared  with the low 
veloci ty  of the blood flow and the low p r e s s u r e ,  espec ia l ly  in the l i ve r  s inusoids ,  where Kupffer cel ls  are 
found. If high th romboplas t i c  act ivi ty had been concent ra ted  in them, any in ju ry  to the cap i l l a r i e s  would 
have led to the i r  t h rombos i s  and to d i s tu rbance  of the blood flow. Compar i son  of the th romboplas t i c  act ivi ty 
of the blood v e s s e l s  r evea led  that  the blood p r e s s u r e  and veloci ty  of the blood flow in the ve s se l s ,  on the one 
hand, were i n v e r s e l y  p ropor t iona l  to the coagula tory  act ivi ty  of the Kupffer cei ls  in contact  with the blood, 
on the other  hand. This  re la t ionsh ip  between the p a r a m e t e r s  of the blood p r e s s u r e ,  blood flow veloci ty,  
and b iochemica l  p rope r t i e s  of the v e s s e l  wall c rea te s  opt imal  condit ions for  hemos t a s i s  in di f ferent  pa r t s  
of the va scu l a r  sys tem:  act ivat ion of clot t ing can take place ins tan taneous ly  in the aor ta  and l a rge  a r t e r i a l  
t runks .  If the s l ightes t  in jury  occurs  to the a r t e r i a l  wall ,  the fu r the r  development  of the hemos ta t i c  plug 
into an extens ive  th rombus  is p reven ted  by the high veloci ty  of the blood flow while, on the cont ra ry ,  in 
cap i l l a r i e s  with a slow blood flow and low thromboplas t ic  act ivi ty of the endothel ial  cel ls ,  the in te rna l  
sy s t em of the blood th romboplas t in  evident ly  plays a more  impor t an t  ro le  than in o ther  pa r t s  of the v a s c u l a r  
sy s t em in hemos ta s i s .  

In the expe r imen t s  of s e r i e s  II, in the 10 rabbi t s  su rv iv ing  14 days af ter  i r r ad i a t i on  the t h rombop la s -  
tic act ivi ty  of the blood and the p la te le t  count were cons ide rab ly  reduced (Table 1). Compared  with the con-  
t ro l  an imals ,  the i r  cap i l l a ry  r e s i s t a n c e  was reduced by 62%. The changes in p ro th rombin  act ivi ty were 
v e r y  slight. 

De te rmina t ion  of the th romboplas t i c  act ivi ty  of the Kupffer ce l l s  of the i r r ad i a t ed  rabbi t s  showed 
that it  was only about o n e - q u a r t e r  that of the un i r r ad i a t ed  animals .  Activi ty of an t i th rombins  II and III in 
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the Kupffer cel ls  showed sl ight  changes.  Fac to r s  activating f ibr inolys is  could not be detected by the method 
of Ast rup and Albrechtsen  in the Kupffer cel ls  of  e i ther  i r rad ia ted  o r  intact  animals .  
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