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The effect  of subcel lu lar  f ract ions  of the endothelial  Kupffer cel ls  on blood clotting was 
studied. Cells  were  obtained f rom the rabbi t  l ive r  by magnetic fract ionat ion and the subcel lu-  
l a r  s t r uc tu r e s  were  then isolated f rom them by different ia l  centrifugation.  The inner m e m -  
branous s t ruc tu r e s  were  found to c a r r y  thromboplas t ic  activity.  No cor re la t ion  was found be-  
tween the blood-clot t ing potential  of the in t race l lu la r  s t ruc tu re s  of the endothelial  ce l l s  and 
the level  of thei r  cathepsin C act ivi ty.  
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Af ter  des t ruct ion of the endothelium of the blood vesse l s  soluble enzymes  enter  the blood s t r e a m  
along with in t race l lu la r  membranous  s t ruc tu res ,  with which the t i ssue thromboplas t in  act ivi ty  is c lose ly  
bound [1]. However ,  it was not c l e a r  until recent ly  which of the s u b c e l h l a r  f rac t ions  c a r r i e s  th romboplas -  
tic activity.  It-has been shown [5-7] that m i c r o s o m e s  isolated f rom the lungs, spleen,  kidneys,  and l ive r  
were  the mos t  act ive as r ega rd s  thei r  effect  on blood clotting in vitro.  The mitochondr ia  and nuclei a lso 
acce l e r a t ed  blood clotting. 

Since the mos t  impor tan t  role in the development  of hemosta t ic  changes a f t e r  injury to blood vesse l s  
is played by their  endothelial  lining, it was decided to study the thromboplas t ic  p rope r t i e s  and dis tr ibut ion 
of ce r t a in  enzymes  in the subcel lu lar  f rac t ions  of the endothelial  Kupffer cel ls .  

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 16 rabbi ts  of both sexes  weighing 1.7-2.4 kg. The endothelial  Kupf- 
fe r  ce l l s  were  obtained as descr ibed  prev ious ly  [2] by magnet ic  fract ionation in 0.25 M suc rose  solution 
with 0.01 M EDTA at pH 7.4. A cel l  homogenate was obtained in a P o t t e r - E l v e h j e m  homogenizer  with Tef -  
lon pes t le  and the subsequent  fract ionat ion was c a r r i e d  out by different ial  centr i fugat ion [11] in a solution 
of suc rose  in Tr is-HC1 buffer ,  pH 7.4. The nuclear  f rac t ions  were  isolated at 600-800 g for 10 min. The 
fract ion of "heavy" mitochondria ,  o r  the ly sosomal -mi tochondr i a l  f ract ion,  at  11,700-12,000 g for  35 min. 
The las t  supernatant  fract ion,  containing some of the ly sosomes ,  m i c r o s o m e s ,  and res idues  of the endoplas-  
mic  re t iculum,  was f i l tered through a VUFS u l t ra f i l t e r  with average  pore  s ize of 0.25tt s r emove  membrane  
mate r ia l .  All opera t ions  were c a r r i e d  out at 0-2~ Pa ra l l e l  with the subfract ionat ion of the endothelial  
ce l l s ,  analogous f ract ions  were  isolated f rom hepatocytes  and f rom a whole l iver  homogenate.  

The puri ty  of the resul t ing f rac t ions  was ver i f ied by de te rmin ing  the act ivi ty  of " m a r k e r "  enzymes  - 
succinate dehydrogenase  [15], acid phosphatase  [9], and cathepsin C [10]. The prote in  content was d e t e r -  
mined by Lowry ' s  method [13]. The total and re la t ive  act ivi ty  of the enzymes  was de te rmined  [12]. The 
thromboplas t ic  act ivi ty  of the subcel lu lar  f rac t ions  was judged f rom the quickening of the clott ing t ime of 
p l a t e l e t - f r ee  rabbi t  p lasma.  The resu l t s  were  subjected to s ta t i s t ica l  ana lys is  by F i s h e r ' s  method [8]. 
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Fig. 1. Distribution of succinate dehydrogenase activity in sub- 
cel lular  fract ions of Kupffer cel ls  (shaded columns) and hepato- 
cytes (unshaded columns):  I) nuclear  fraction; II) "heavy" mite-  
chondria; III) "light" mitechondria;  IV) supernatant fluid. Abscissa ,  
protein content (in % of its content in whole homogenate); ordinate,  
enzyme activity (in un i t s /my protein). 

Fig, 2. Distribution of acid phosphatase activity in subcellular  
fract ions of Kupffer cells  (shaded columns) and in hepatocytes 
(unshaded columns). Legend as in Fig. 1. 

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

The investigation showed that the membranous  subcel lular  s t ruc tures  isolated from whole l iver homo- 
genate had considerable  thromboplast ic  activity even if the fractions were diluted 1 : 500 or  more.  The 
fractions of "heavy" and "light" mitochondria and the supernatant  fluid were most  active. The cell matrix,  
obtained by ultrafi l trat ion,  did not shorten the plasma recalcif icat ion time. 

The specific activity of the enzymes studied in the subcellular  fract ions of the Kupffer cells was 1.5- 
2 t imes higher than the activity of the same fract ions of the hepatocytes (Figs. 1 and 2). Succinate dehy- 
drogenase activity was completely absent  f rom the u l t ras t ruc ture  of the homogenate of the hepatocytes and 
Kupffer cel ls  and only in two exper iments  were t races  of phosphatase activity present ,  evidence of the high 
degree of purification from mitochondria and lysosomes  obtained by ultrafil tration. 

The differences d iscovered in the enzyme activity must evidently be explained by the participation of 
the Kupffer cells  in phagocytosis ,  as a result  of which the level of cer ta in  metaboIic p rocesses  in the endo- 
thelial ceils  was higher than in the hepatocytes.  

TABLE 1. Thromboplast ic  Activity and Cathepsin C Activity in 
Subcellular Fract ions  of Ku )ffer Cells and Hepatocytes (M :e m) 

Kupffer c e l l s  Heptatocytes 

Test object 

Cell homogenate 
Nuclei 
"Heavy" mitochondria 
"Light" mitochondria 
Supernatant 
Ultrafiltrate of supematant 

Control 

thrombo-, 
plastic 
activity 
(in sec) 

78,7-4-4,85 
138,0~4,36 
66,5• 
71,0-*-9,59 
90,1+'18,6 

Absent 

171,42---4,67 

cathepsin 
C acnvity 
(in mmoles 
NHs/mg 
protein 

0,027+-0,007 
0,015• 
0,030• 
0,018~0,010 
0,033~0,010 
0,168 ~-0,063 

thrombo- 
plastic ac- 
tivity (in 
sec) 

75,5--3,9 
141,5~9,56 
74,2• 17,6 
70 ,028 ,22  
67 ,72  12,9 

159,5~21,2 

171,4~4,67 

cathepsin 
C acuvitu 
(in mmoIe,, 
M H3/rng 
protein) 

0,014~0,011 
0,010• 
0,013• 
0,010• 
0,02420,004 

0,072• 
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Meanwhile the distr ibution and magnitude of the thromboplast ic activity in the organeUes of the Kupf- 
fer  cel ls  did not differ  significantly f rom these pa rame te r s  in the subcel lular  fract ions of the hepatocytes 
(Table 1). 

It will be c l e a r  f rom Table 1 that the clotting power of whole homogenate of both endothelial  celia and 
hepatocytes was lower than the activity of the mitochondrial  fractions.  Meanwhile the cel l  mat r ix  not only 
did not acce le ra te  plasma recalci f icat ion but, in some cases ,  it actually re ta rded  it compared  with the con-  
trol.  This fact agrees  fully with the view that  procoagulant  and anticoagulant substances exis t  in the cells.  
During fractionation the membranous  mater ia l  and, consequently,  the thromboplast ic  principle were  concen-  
t ra ted and at the same t ime were  freed from inhibitory agents. 

Comparison of the resu l t s  of investigation of the blood clotting potential of the subcel lular  fract ions 
with the activity of cathepsin C which, according ' to  Purce l l  and Barnhar t  [14], act ivates  prothrombin r e -  
vealed no corre la t ion .  Fo r  instance,  the ul t raf i l t ra te  with the highest cathepsin C act ivi ty had vir tual ly no 
thromboplast ic proper t ies .  The absence of paral le l  between clotting and proteolyt ic  activity has also been 
observed by other  workers  [3, 4]. 

The resu l t s  of these exper iments  thus showed that the subcellular  organel les  of the endothelial  Kupf- 
fer  cel ls  possess  thromboplast ic  activity which is concentrated to the highest degree  in the membranous 
s t ruc tures .  The presence  of cathepsin C has essent ia l ly  no effect  on blood clotting. 
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