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(5) The kinet ics  of the  up take  of  B S A  and B G G  was 
s tudied  by  a modi f ica t ion  of t h e  incuba t ion  t echn ique  in 
order  to  measure  ve ry  shor t  incuba t ion  t imes  f rom 10 sec 
up to  60 min.  3 • 10 ~ spleen cells were incuba ted  a t  37 ~ 
wi th  1.0 • 10 -6 g BSA. Af te r  10 sec 2500 cpm were  
coun ted  on the  washed  spleen ceils or 0.5 • 10 -s g BSA. 
Af te r  30 sec 3500 cpm and  af ter  120 sec 4700 cpm were 
counted .  This means  t h a t  in 2 min near ly  the  whole  
a m o u n t  of BSA is t aken  up b y  the  ceils, since the  a m o u n t  
af ter  30 min  incuba t ion  t ime  is 4750 cpm. This  a m o u n t  
remains  cons t an t  t h r o u g h o u t  2 h incubat ion.  This resul t  
indica tes  t h a t  the  ]3SA molecule is absorbed  in seconds 
on the  cell surface (Figure 2). 

All our expe r imen t s  showed af ter  10-20 rain incuba t ion  
an excess of up take  which  d isappeared  a few minu te s  
later.  This excess of up take  is not  observed if the  ceils are 
incuba ted  wi th  brucella an t igen  (Figure 2). 

Zusammen[assung. 6 • 10 -1~ g bis 10 -4 g J 125 Rinder -  
s e rum-Albumin  (BSA) bzw. 1,0 • 10 7 bis 1,0 • 10 .6 g 
J 125 Rinderserum-~,-Globulin (BGG) werden  3 • l0 T 
Milzzellen normMer  Meerschweinchen  in v i t ro  angeboten .  
Unabh~ng ig  yon  der  HGhe des Angebo tes  betr / igt  die 
Menge des au fg en o mmen en  B S A  1%, die des aufgenom- 
m e n e n  BGG 10% des Angebotes .  Durch  4 ~ Inkuba t ions -  
t e m p e r a t u r  wird  die A u f n a h m e  z.T. beh inder t .  Die Auf- 
n a h m e  f indet  nach  wenigen Sekunden  Inkuba t ionsze i t  
s t a r t  und  ist nach  e twa 2-3 rain abgeschlossen.  

H. kNOLTENIUS and W. HAAS 

Pathologisches Institut der Universitiit, 78 Freiburg 
i. Breisgau (Germany), 74 August 1968. 

Distribution of Procoagulant Activity in the Subcellular Fractions of Human Granulocytes  

Procoagu lan t  act ivi t ies  in the  leucocytes  were found  
by  several  au thors  1,2 LISIEWICZ 2 s t a t ed  t h a t  th is  ac t iv i ty  
has s imilar  features  to  t h a t  of p la te le t  fac tor  3. The 
granulocytes  possess also an an t i coagu lan t  ac t iv i ty  3,4. 
SABA et  al. 4 d e m o n s t r a t e d  t h a t  this  ac t iv i ty  is connec ted  
wi th  lysosomal  cat ionic proteins.  The purpose  of th is  
work  was to s t u d y  the  d i s t r ibu t ion  of p rocoagulan t  
ac t iv i ty  in the  subcellular  f ract ions of h u m a n  granulo- 
cy tes .  

Material and method. The granulocytes  were ob ta ined  
f rom h u m a n  puru len t  pleural  exudate .  The COHN and  
HIRSCH method  a was used to obta in  the  following sub- 
cellular granulocyte  f rac t ions:  I, s ed imen t  af ter  400 g; 
II ,  s ed imen t  af ter  8200 g; I I I ,  s u p e r n a t a n t  af ter  8200 g. 
F rac t ion  I conta ins  nuclei, m e m b r a n e s  and cell debris,  
large specific granules;  f rac t ion II,  specific granules  
(lysosomes);  f rac t ion I I I ,  smaller  cy toplasmic  a lements :  
small  specific granules,  mi tochondr ia ,  r ibosomes,  endo- 
p lasmat ic  re t i cu lmn and  Golgi appa ra tus  f ragments .  

All granulocyte  f ract ions and granulocyte  homogena te s  
were suspended  in a solut ion of 0 .34M saccharose.  They  
were frozen and t hawed  6 t imes,  homogenized  1 2 min 
using a Po t t e r  homogenizer .  All the  p repara t ions  were 
d ia lysed against  a p h o s p h a t e  buffer  (0.025M; p H  7.65; 
+ 4 ~  18 h). H u m a n  p lasmas  def icient  in factor  VI I I ,  
I X  and  X I I  were ob ta ined  f rom pa t i en t s  wi th  he red i t a ry  
deficiencies of these  factors.  Fac to r  V I I I ,  I X  and X I I  
were de t e rmined  according to  the  m e t h o d  of SOULIER 
and LARRIEU 6, sl ight ly modif ied  by  NIEWIAROWSKI 
et al.L 

In  order  to compare  the  p rocoagu lan t  ac t iv i ty  of 
h u m a n  p lasma wi th  t h a t  of the  granulocyte  suspension,  
the  granulocyte  suspension was di luted to a concen t ra t ion  
of 6000 cells/~zl. The procoagulan t  ac t iv i ty  was t e s t ed  
s imul taneous ly  in the  granulocyte  suspension and in the  
p l a sma  and the  di lut ion curves were made.  E a c h  c lo t t ing  
factor  ac t iv i ty  in the  granulocyte  suspension was expressed 
as % of the  ac t iv i ty  of the  same factor ,  found in t he  
equal  volume of p lasma (accepted as 100%). Fu r the r -  
more,  the  specific ac t iv i ty  of each c lo t t ing factor  was 
calcula ted according to the  formula:  1000/(t • p) where  
t -- c lo t t ing  t ime  in sec, p -- p ro te in  concen t ra t ion  
(mg/ml).  

Result and discussion. The results  are summar ized  in 
the  Table.  I t  can be seen t h a t  the  re la t ive p rocoagulan t  

ac t iv i ty  of the  homogena t e  and  of subcellular  f ract ions 
is of the  same order  of magn i tude  as t h a t  of normal  
plasma.  The specific p rocoagu lan t  ac t iv i ty  of the  homo-  
genate  is cons iderably  higher  t h a n  of plasma.  I t  is h igher  
in all isolated subcellular  fract ions,  par t icu lar ly  in frac- 
t ion I I  and  I I I ,  t h a n  in the  whole  homogena te .  This 
fact  m a y  be expla ined by  the  presence  of an t icoagulan t  
ac t iv i ty  which is d iminished  by  di lut ion dur ing  fract ion-  
ation. Fac to r  X l I - l i ke  ac t iv i ty  can be adsorbed  par t ia l ly  

Distribution of procoagulant activity in subcellular fraction of 
human gramfiocyte 

Granulocyte 
fraction 

Substrate plasma 

Factor VIII Factor IX Factor XII 
deficient deficient deficient 

A B A B A B 

Total homogenate 116% 11.8 51% 8.1 43% 7.1 - 

Sub- I 112% 20.4 40% 12.6  46% 11.7 - 
fractions II 77% 4 3 . 7  41% 36 .9  49% 36.4 17.8 

III 1 9 0 %  147.2 26% 56 .6  38% 59.0 17.0 

Human plasma 100% 1.8 100% 2.4 100% 1.7 

Mean values from 5 determinations. A, relative activity as com- 
pared with normal plasma ; B, specific activity 1000/(t • p) ; C, specific 
factor XII-like activity after adsorption of tested material on kaolin 
and elution at alkaline pH. 
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f rom the  g r a n u l o c y t e  sub f r ac t i ons  I I  a n d  I I I  b y  kaol in  
a n d  e lu ted  a t  a lka l ine  pH.  

A t  t he  p r e s e n t  s t a t e  of e x p e r i m e n t a l  evidence,  i t  is 
no t  poss ible  to  r e a c h  a conclus ion as to  w h e t h e r  t he  
g r a n u l o c y t e  a n d  p l a s m a - c l o t t i n g  fac tors  are  ident ical .  
t~APAPORT a n d  HJORT s found  t h a t  r a b b i t  neu t roph i l s  
do no t  b i n d  p l a sma- c l o t t i ng  factors.  On t h e  o t h e r  h a n d ,  
t he re  is a c e r t a i n  poss ib i l i ty  t h a t  some p l a s m a- c lo t t i ng  
fac tors  m a y  o r ig ina te  f rom granu locy tes .  T he  exper i -  
m e n t s  w i t h  a d s o r p t i o n  of p r o c o a g u l a n t  a c t i v i t y  b y  
kao l in  f rom g ran u l ocy t e  sub f rac t ions  a n d  e lu t ion  a t  
a lka l ine  p H  prov ides  f u r t h e r  e x p e r i m e n t a l  ev idence  t h a t  
f ac to r  X l I  (Hageman)  m a y  be  localized in g ranu locy tes .  
The  specific p r o c o a g u l a n t  ac t iv i t i es  are m u c h  more  
c o n c e n t r a t e d  in leucocytes  t h a n  in p lasma.  For  th i s  reason,  
g ranu locy tes ,  as well  as p la te le ts ,  m a y  be  cons idered  as 
ac t ive  cen te r s  in  t h e  f o r m a t i o n  of h e m o s t a t i c  plug. 

I t  is of i n t e r e s t  to  no te  t h a t  p r o c o a g u l a n t  a c t i v i t y  is 
m a i n l y  localized in t he  s u p e r n a t a n t  a f t e r  8200 g and  in 
t he  s e d i m e n t  a t  8200 g. T he  enzymes  fo rming  k in ins  
were also f o u n d  in t he  same f rac t ions  9. Since t he  work  
of MARGOLIS a p p e a r e d  ~~ i t  is k n o w n  t h a t  t he  f o r m a t i o n  
of k in ins  m a y  be  in i t i a t ed  b y  t h e  ac t ive  H a g e m a n  factor .  
These  facts  could ind ica te  t h e  role of g r anu l ocy t e  f ac to r  
X I I  for t h e  gene ra t i on  of k in ins  in  synov ia l  f luid of 
p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  n .  I t  h a s  been  sug- 
ges ted  t h a t  t he  p r o c o a g u l a n t  a c t i v i t y  of t he  leucocytes  
m a y  be  i nvo lved  in t he  f o r m a t i o n  of f ib r in  in i n f l a m m a -  

t o r y  exuda t e s  a n d  in t he  i n t r a v a s c u l a r  c lo t t ing  19. The  
p r e sen t  c o m m u n i c a t i o n  conf i rms  th i s  p o i n t  of view. 

Rdsumd. Les ex t r a i t s  g ranu locy ta i r e s  r acourc i s sen t  le 
t e m p s  de coagu la t ion  de p l a smas  d6f ic ients  en  fac teurs  
V I I I ,  I X  et  X I I .  Une  ac t iv i t6  p a r a c o a g u l a n t e  pa r t i -  
culi@rement @lev6e se man i fe s t e  dans  les sub f r ac t i ons  de 
g ranu locy tes  c o n t e n a n t  des lysosomes e t  d ' a u t r e s  s t ruc-  
tu res  cy top l a sma t iques .  
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The Positive Direct Coombs Test of Cephalothin-Treated Blood 

~Q[OLTHAN et  al. 1 h a v e  r ecen t ly  r epo r t ed  t h a t  t he  an t i -  
b io t ic  cepha lo th in ,  i n c u b a t e d  in v i t ro  w i t h  n o r m a l  b lood  
u n d e r  su i t ab le  e x p e r i m e n t a l  condi t ions ,  p roduces  a posi- 
t i ve  d i rec t  Coombs  t e s t ;  moreover ,  t h e y  obse rved  t h a t  
t h e  an t i g lobu l i n  t e s t  was  s l ight ly  s t ronger  w h e n  t he  
b lood  of 4 azo temic  p a t i e n t s  was  used in s t ead  of n o r m a l  
blood.  Accord ing  to  t h e  au thors ,  t he  e r y t h r o c y t e s  f rom 
p a t i e n t s  w i t h  poor  k i d n e y  func t ion  could be  more  sen-  
s i t ive  to  c e p h a l o t h i n  t h a n  n o r m a l  cells. W e  s tud ied  t h e  
in v i t ro  ac t ion  of c e p h a l o t h i n  on  t he  b lood  of 14 h e a l t h y  
subjects ,  14 azo temic  p a t i e n t s  and  13 p a t i e n t s  suffer ing 
f rom classical  (portal)  c i r rhosis  of the  l iver.  F o u r  vo lumes  
of blood,  d r a w n  w i t h  ac id -c i t ra te -dex t rose ,  were i n c u b a t e d  
w i t h  one v o l u m e  of c e p h a l o t h i n  (Kefl in Lilly) d issolved 
in sal ine a t  d i f fe ren t  c o n c e n t r a t i o n s  (f inal  c o n c e n t r a t i o n  
of t h e  m i x t u r e s  = 0.625, 1.25, 2.5, 5, 10, 20 a n d  40mg/ml ) .  
The  i n c u b a t i o n  was  car r ied  o u t  in  a w a t e r b a t h  a t  37 ~ 
for  3 h, t h e  suspens ions  be ing  gen t ly  mixed  approx i -  
m a t e l y  eve ry  30 min .  Di rec t  an t ig lobu l in  t e s t s  were 
ca r r ied  o u t  w i t h  t h e  sub jec t s '  r ed  cells a n d  o r tho  ' b road -  
s p e c t r u m '  an t i g lobu l i n  reagen t .  

The  sens i t i v i ty  of red  cells to  cephalothiI1 (i.e. t h e  
m i n i m u m  c o n c e n t r a t i o n  of t he  d rug  Emg/ml] suff ic ient  
to  p roduce  a pos i t ive  d i rec t  Coombs  test)  va r i ed  f rom 
case to  case (Figure  1). However ,  t he  s t a t i s t i ca l  ana lys i s  
of t h e  da ta ,  pe r fo rmed  w i t h  t h e  MANN-WHITNEY U t e s t  9, 
i nd i ca t ed  t h a t  t h e r e  was no dif ference b e t w e e n  t he  g roups  
of n o r m a l  a n d  azo temic  sub jec t s ;  on  t h e  con t r a ry ,  t h e  
m i n i m u m  suff ic ient  c o n c e n t r a t i o n  of t he  d rug  was  
s ign i f i can t ly  lower in  t he  g roup  of c i r rhot ic  p a t i e n t s  t h a n  
in t h a t  of n o r m a l  sub jec t s  (p < 0.02). 

W e  t h e n  i n v e s t i g a t e d  t h e  r e l a t ionsh ip  b e t w e e n  t h e  
s ens i t i v i t y  of red  cells to  c e p h a l o t h i n  a n d  some b iochemi -  
cal indices  of t h e  blood. F o r  th i s  purpose ,  a mu l t i p l e  

regress ion ' s tep-wise '  ana lys i s  was  car r ied  out ,  cha l lenging  
t h e  m i n i m u m  suff ic ient  c o n c e n t r a t i o n  of c epha lo th in  in 
t u r n  w i t h  h e m a t o c r i t ,  BUN,  se rum t o t a l  p ro t e in  level 
a n d  c o n c e n t r a t i o n  of p ro t e in  f rac t ions  (a lbumin ,  cq-, m2-, 
#- a n d  v-globulins) .  The  red cell s ens i t i v i ty  to  t h e  drug  
a p p e a r e d  to  d e p e n d  on  t he  level  of s e rum v-globul ins  
(F = 10.11, p < 0.01), t h e  regress ion coeff icient  be ing  
nega t i ve  (Figure  2). 

W e  could n o t  observe  t he  r e l a t ionsh ip  b e t w e e n  t he  
s ens i t i v i t y  of r ed  cells to  c e p h a l o t h i n  a n d  se rum a l b u m i n  
c o n c e n t r a t i o n  r epo r t ed  b y  Lo  BUGLIO3. 

T h e  m e c h a n i s m  b y  wh ich  c e p h a l o t h i n  p roduces  a 
pos i t ive  d i rec t  Coombs  t e s t  is st i l l  u n c e r t a i n :  a t  p r e sen t  
i t  seems l ikely t h a t  b o t h  some p roper t i e s  of t he  p l a s m a  
a n d  a n  a l t e r a t i o n  of t h e  red  cell p l a y  a role. T h e  d a t a  
p r e sen t ed  here  show t h a t  t he  level  of s e r u m  v-globul ins  
inf luences  t he  sens i t i v i ty  of t h e  b lood  to  cepha lo th in .  I n  
so far  as the  e r y t h r o c y t e  a l t e r a t i on  is concerned,  p rev ious  
e x p e r i m e n t s  b y  MOLTHAN et  al. 1, as well  as resul t s  o b t a i n e d  
in t h i s  l abo ra to ry ,  h a v e  shown  t h a t  a pos i t ive  d i rec t  
Coombs  t e s t  c an  be  o b t a i n e d  n o t  on ly  b y  i n c u b a t i n g  
c e p h a l o t h i n  w i t h  whole  blood, b u t  also w h e n  washed  
e r y t h r o c y t e s  are  exposed  to  t he  drug,  if su i t ab le  ant i -  
g lobu l in  r eagen t s  are used. I n  t he  l a t t e r  e x p e r i m e n t a l  
condi t ion ,  accord ing  to  MOLTHAN et  al. 1, t he  d rug  a l ters  
t h e  ~- a n d  fl-globulins of t h e  cell m e m b r a n e ,  so t h a t  these  

x L. MOLTHAN, M. M. REIDENBERG and M. F. EICHMAN, New Engl. 
J. Med. 277, 123 (1967), 
H. B. MANN and D. R. WHITNEY, Ann. math. Statist. 18, 50 
(1947). 

3 A. F. Lo BUGLIO, Clin. Res. 76, 308 (1968). 


