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Fibrinolysis Versus Fibrinogenolysis in Man: 
Resistance of Fibrinogen to Breakdown by Fibrinolytic Activity Induced by Venous Occlusion 

Despi te  n u m e r o u s  s tudies  on  t he  d e g r a d a t i o n  of 
f ib r inogen  b y  p l a s m i n  in vi t ro ,  l i t t le  is k n o w n  a b o u t  t he  
m e c h a n i s m  of f ibr inogenolys is  in  vivo.  Tile presence  of 
f ib r inogen / f ib r in  d e g r a d a t i o n  p r o d u c t s  (FDP/ fdp)  which  
are found  in b lood in b o t h  physio logica l  and  pa tho log ica l  
s t a t e s  does no t  p rov ide  t h e  answer,  s ince c u r r e n t l y  avai l -  
able  m e t h o d s  fail  to  d i s t ingu i sh  f ib r in  f rom f ib r inogen  
d e g r a d a t i o n  produc ts .  H u m a n  f ib r inogen  has  been  shown 
to  be  he t e rogeneous  w i t h  respec t  to  so lubi l i ty  ~ a n d  to  
molecu la r  we igh t  ~. I n  r ecen t  s tudies ,  MOSESSON et  al,~ 
d e m o n s t r a t e d  a n u m b e r  of s t r u c t u r a l  dif ferences  be tween  
t h e  h igh  and  lower molecu la r  we igh t  f ib r inogens  (LMWF).  
The  f ind ings  were cons i s t en t  w i t h  t h e  no t ion  t h a t  f ibr in-  
ogen is progress ive ly  ca tabo l i zed  b y  p l a s m i n  in to  var ious  
i n t e r m e d i a t e  c lo t t ab le  p ro t e in s  pr ior  to  d iges t ion  to  t h e  
u n c l o t t a b l e  f r a g m e n t s  k n o w n  as F D P .  Similar ly,  ShER- 
MAN et  al. ~ conc luded  f rom f ind ings  in e x p e r i m e n t a l  
an ima l s  t h a t  lower molecu la r  we igh t  f ib r inogen  was a 
ca tabo l ic  d e r i v a t i v e  of h igh  molecu la r  we igh t  f ibr inogen.  

The  concep t  of in  v ivo  d e g r a d a t i o n  of f ib r inogen  b y  
I ib r ino ly t ic  enzyme s  was r ecen t ly  ques t ioned  b y  GALLI- 
MORE et al. 4 who  found  t h a t  u rok inase  added  to  h u m a n  
p l a s m a  or in fused  in to  m o n k e y s  a t  doses suff ic ient  to  
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Densitometric scans of the fibrinogen bands in poiyacrylamide-SDS 
electrophoretic gels (3.5%) of plasma (solid line) in comparison 
with serum (broken line) obtained from a representative subject. 
A, before venous occlusion; B, after occlusion; C, post-occlusion 
sample 24 h after incubation at 37~ The percentage of lower 
molecular weight fibrinogen (LMWF) is indicated for each sample. 

lyse clots  fai led to  lyse f ibr inogen.  T h e y  conc luded  t h a t  
f ib r inogenolys is  was an  un l ike ly  e v e n t  and  t h a t  F D P / f d p  
in t h e  c i rcu la t ion  are  p r o b a b l y  der ived  f rom f ib r in  as 
p rev ious ly  sugges ted  b y  LIPINSKI et  al. s. 

No d a t a  has  been  p re sen t ed  on  t he  in v ivo  conve r s ion  of 
f ib r inogen  in to  i ts  ear ly  ca tabo l ic  i n t e r m e d i a t e s  (LMWF)  
ill man .  The  purpose  of t he  p r e sen t  s t u d y  was to d e t e r m i n e  
w h e t h e r  a n y  a l t e r a t i o n  of f ib r inogen  occurs  u n d e r  
cond i t ions  of a c t i v a t e d  f ibr inolys is  i nduced  b y  v e n o u s  
occlusion wh ich  is k n o w n  to  r e su l t  in  t h e  release of 
p l a sminogen  a c t i v a t o r  f rom the  vessel  wall% 

Tile sub jec t s  u n d e r  i n v e s t i g a t i o n  inc luded  10 h e a l t h y  
ind iv idua l s  a n d  one p a t i e n t  in  w h o m  l~sI-]abelled 
f ib r inogen  (100 aCt) h a d  been  a d m i n i s t e r e d  15 m i n  
p rev ious ly  for t he  purpose  of r ou t i ne  pos t  ope ra t ive  
pe r iphe ra l  v e n o u s  scanning .  A s p h y g m o m a n o m e t e r  cuff 
was p laced  on  t he  u p p e r  a r m  and  in f l a t ed  to a p ressure  
m i d w a y  be tween  systol ic  and  diastol ic  for a per iod  of 
20 rain.  Blood sampels  were t a k e n  i m m e d i a t e l y  before  
in f l a t ion  of t he  cuff and  aga in  j u s t  before  i t  was  def la ted.  
The  fol lowing d e t e r m i n a t i o n s  were m a d e  on each  sample :  
t l ematocr i t ,  f ib r inogen  7, and  euglobul in  clot  lysis t ime  s. 
Di lu te  c lot  lysis t i m e  was d e t e r m i n e d  accord ing  to 
FEARNLEY 9 excep t  t h a t  a m m o n i u m  oxa la t e  (9:1) was  
used. 2 ml  of whole  b lood d i lu ted  w i t h  0 .85% NaC1 (1:10) 
was c lo t ted  w i t h  0.1 ml  of a m i x t u r e  of t h r o m b i n  (50 U/ml)  
and  CaCI~ (0.025 M).  F D P / f d p  in s e rum were d e t e r m i n e d  
b y  t he  s t aphy lococca l  c lumping  t e s t  methodZ~ Elec t ro-  
phores i s  of p l a s m a  samples  was car r ied  ou t  in  3.5% 
p o l y a c r y l a m i d e  gel in  sod ium dodecyl  su l fa te  (SDS) n.  
Af te r  e lec t rophores i s  and  s t a in ing  w i t h  Coumass ie  Br i l l i an t  
Blue  R t he  gels were s canned  us ing  t h e  Dens icord  Model  
542 A (Photovo l t ,  New York) .  All  t he  oxa la te  b lood  samples  
were d i lu ted  1:10 w i th  0 .85% NaC1 a n d  i n c u b a t e d  for 
24 h a t  37 ~ The  purpose  of th i s  d i lu t ion  was to  m a k e  the  
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Table I. Laboratory findings (mean and range) before and after occlusion in 10 subjects and in 1 patient given 125I-labelIed fibrinogen 

Dilute clot Euglobulin Serum Fibrinogen Thrombin Radioactivity Hematoerit 
lysis time clot lysis FDP/fdp (mg/100 ml) time (sec) in serum (%) 

time (min) ([zg/ml) (cpm/nll) 

Before > 24 h 138 235 32 44 
occlusion (10-48 h) (93-260) 2 (160-290) (22-34) 2510 (41-48) 
After 146 min 24 315 28 53 
occlusion (60-300 rain) (15-62) 2 (200-390) (20-29) 2620 (48-57) 
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Table II. Laboratory findings (mean and range) before and after incubation of the post-occlusion blood samples in 5 subjects and in 1 patient 
given 125I-labeiIed fibrinogen 

Serum FDP/fdp Fibrinogen Thrombin time Radioactivity 
([zg/ml) (mg/100 ml) (see) in serum (cpm/ml) 

Before < 10 305 28 1900 
incubation (210-375) (19-33) 
After < 10 310 27 1940 
incubation (210-380) (19-31) 

condit ions comparable  to those of the  di lute  clot lysis. 
The de terminat ions  l isted in Table  I I  and the  electro- 
phoret ic  studies were per formed on plasma obta ined  f rom 
blood before and af ter  incubat ion.  In  the  samples contain-  
ing 125I-fibrinogen, the  rad ioac t iv i ty  was de termined  in 
the  serum af ter  c lo t t ing the  p lasma wi th  thrombin .  

The  mean  values  and range for the  l abora to ry  determi-  
nat ions before and af ter  venous occlusion are shown in 
Table  I. Signif icant  shortening of euglobulin lysis t ime  
and of the  di lute  whole blood clot  lysis t ime  occurred in 
each of the  post-occlusion samples. These findings are in 
accordance wi th  those previous ly  repor ted  12. However ,  
the  level of F D P / f d p  in serum did no t  change, being 
2 ~xg/ml, in all samples. Similarly,  the  r ad ioac t iv i ty  in the  
serum remained  unchanged,  conf i rming the  fact  t ha t  no 
unclo t table  f ibr inogen der iva t ives  were formed as a 
result  of the  f ibr inolyt ic  ac t iv i ty  induced by  venous  
occlusion. The  f ibr inogen concent ra t ion  was increased 
following occlusion, being out  of propor t ion  to the  degree 
of hemoconcen t ra t ion  as measured  by  the  hematocr i t ,  an 
observa t ion  previous ly  mad e by •ILSSON and ROBERTS 12. 

The effect of incubat ion  of p lasma samples on these 
measurements  is shown in Table  I I .  No changes in fibrin- 
ogen, t h rombin  t ime, F D P / f d p  or serum rad ioac t iv i ty  
occurred. These findings indicate  t ha t  the  f ibr inolyt ic  
ac t iv i ty  did not  result  in any degradat ion  of f ibrinogen 
into its unclo t table  der ivat ives .  

I t  has been shown in our  l abora to ry  tha t  electrophoresis  
of p lasma in SDS-ac ry lamide  gel (3.5%) results in separa-  
t ion  of f ibr inogen into 2 bands, the  major  por t ion  being 
of higher  molecular  weight,  the  L M W F  represent ing  25-  
35% of the  to ta l  c lot table  prote in  13. The propor t ion  of 
L M W F  was not  affected e i ther  by  venous  occlusion nor  
by  incubat ion  of the  blood samples in vi t ro.  The Figure  
shows the  dens i tometr ic  scans of gels af ter  electrophoresis  
of p lasma and serum from a single representa t ive  subject.  
The pa t t e rn  before occlusion (A), af ter  occlusion (]3) 
and after  incubat ion  of the  post-occlusion blood (C). No 
increase in the  percent  of L M W F  to the  c lo t table  prote in  
occurred, in fact  a sl ight  decrease was found. The  mean  
percentage  values  of L M W F  in p lasma of all subjects  
before and af ter  occlusion was 32% (range 31-34%) and 
28% (range 26-30%) respect ively.  The  mean  percent  
of L M W F  in p lasma af ter  incubat ion  for 24 h at  37~ 
was 27% of the  to ta l  f ibr inogen (range 19-31%).  These 
findings indicate  t h a t  the  f ibr inolyt ic  ac t iv i ty  did not  

result  in any convers ion of high into L M W F  even af ter  
24 h of incubat ion of the  p lasma rich in plasminogen 
ac t iva tor .  The  he te rogene i ty  of f ibr inogen in man,  
represented by  the  presence of LMWF,  does not  seem to 
be the  resutt  of d i rect  f ibrinogenotysis  and m a y  ra ther  be 
due to an indirec t  p a t h w a y  of f ibr inogen ca tabol ism such 
as 'endocytosis '  pos tu la ted  by  REGOECZ114. 

The  difference in suscept ibi l i ty  of f ibr inogen and fibrin 
to proteoly t ic  degradat ion  have  been a t t r ibu ted  to  several  
factors. The binding of p lasmin by  ant iplasmins,  such as 
el-macroglobulin,  was shown to inhibi t  the  enzymat ic  
ac t iv i ty  wi th  respect  to f ibr inogen bu t  not  f ibrin degrada-  
t ion 15. Secondly, the  type  of p lasminogen ac t iva to r  
appears  to be a s ignif icant  factor  by which fibrinolysis 
ra ther  t han  fibrinogenolysis  occurs as demons t ra ted  by 
CAMIOLO et a1.16 in a s tudy  compar ing  t issue ac t iva to r  
with urokinase and streptokinase.  By  wha teve r  mecha-  
nism, c i rculat ing f ibr inogen appears  to be effect ively  
pro tec ted  f rom proteolysis  induced by  na tu ra l ly  occurr ing 
p lasminogen act ivators .  I t  is therefore  l ikely t h a t  F D P /  
fdp in serum are the  products  of f ibrin breakdown as 
previous ly  suggested 4, 5 

Zusammen/assung. Nachweis,  dass nach Venenokklus ion 
bei  10 gesunden Probanden  erh6hte  Fibrinolyse,  nicht  
aber Fibr inogenolyse auf t ra t .  
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The Protect ive  Effect of L-DOPA on Heinz  Body  F o r m a t i o n  in G6PD Deficient  Red Cells 

A number  of chemicaIs including Ace ty lpheny lhydra -  
zinc (APH) have  been found to produce Heinz  body  forma- 
t ion in normal  h u m a n  red cells, and in e ry th rocy tes  of 
glucose-6-phosphate  dehydrogenase  (G6PD) deficient  pa-  
t ients.  The  same compounds  were shown to generate  free 

hydrogen  peroxide  (H202) in red cells 1. I t  is general ly 
accepted t h a t  Heinz  body format ion  involves  the  oxida-  
t ive  dena tu ra t ion  of hemoglobin  media ted  by  H~O= 2. On 
the  o ther  hand,  the  red cell enzymes,  catalase and gluta-  
th ione  peroxidase,  p lay  a major  role in pro tec t ing  hemo- 


