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I .  INTRODUCTION

Because o f  th e  In c re a s in g  aw areness t h a t  th rom bosis  cau ses  more 

d ea th s  i n  th e  U n ited  S ta te s  th a n  any o th e r  human d is o rd e r ,  th e  l a s t  

decade h as  seen  a  trem endous u psu rge  i n  s c i e n t i f i c  i n t e r e s t  i n  th e  

human th ro m b o ly tic  system . Many in v e s t ig a t io n s  have been u n d ertak en  

to  s tu d y  th e  phenomenon o f  c l o t  l y s i s  i n  th e  t e s t  tu b e  and in  e x p e r i

m en ta l a n im a ls . The p rim ary  g o al o f  t h i s  re s e a rc h  has been to  under

s ta n d  th e  b io ch em ica l b a s is  o f  d o t  l y s i s  and, equ ipped  w ith  t h i s  

knowledge, to  d is c o v e r  a g e n ts  to  in d u ce  th e  th ro m b o ly tic  s t a t e  i n  

p ro p h y la c t ic  and th e r a p e u t ic  tre a tm e n t o f  th e  d is e a s e  s t a t e s  in v o lv in g  

th e  p re se n c e  o f  i n t r a v a s c u la r  d o t s .

F ib r in ,  th e  in s o lu b le  p r o te in  which forms th e  m a tr ix  o f  th e  d o t ,  

i s  d e r iv e d  from f ib r in o g e n  by an enzym atic tra n s fo rm a tio n  which in 

v o lv es  throm bin  and io n ic  ca lc iu m . The d o t  i s  d is s o lv e d  by a f i b r i n -  

a t ta c k in g  enzyme, p la sm in , w hich d eg rad es f i b r i n  in to  s e v e ra l  so lu b le  

p r o te o ly t i c  p ro d u c ts . P lasm in , n o t  u s u a l ly  p r e s e n t  i n  l a r g e  amounts 

i n t r a v a s c u la r ly , i s  p r e s e n t  i n  i t s  zymogen f o n t ,  p lasm inogen , which 

can be tran sfo rm ed  to  p lasm in  by s e v e ra l  a c t i v a t o r s .

The a g e n ts  ca u s in g  plasm inogen a c t iv a t io n  may be a r b i t r a r i l y  ca te*  

g o rlze d  i n to  two m ajo r d iv is io n s ;  nam ely, th e  p h y s io lo g io a l  and th e  

n o n p h y s io lo g ic a l a c t i v a to r s .  The p h y s io lo g ic a l  a c t iv a to r s  a r e  th o se  

which a re  e i t h e r  in h e re n t  i n  th e  human system  o r  which r e q u i r e  th e

1
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In  o rd e r  to  study  th e  e x te n t o f  th e  c lo t - ly s in g  c a p a b i l i ty  o f  

blood, e i th e r  n a tu ra l ly  o r  a r t i f i c i a l l y  Induced, th e  development o f  

r e l ia b le  assay s I s  n ecessa ry . Since th e  th rom boly tic  system Invo lves 

a double a c t iv a t io n ,  s p e c if ic  a ssay s  fo r  each s ta g e  a re  necessary  to  

e l i c i t  more in fo rm ation  on th e  mechanism o f th e se  a c t iv a t io n s .  Be

cause i t  i s  extrem ely d i f f i c u l t ,  i f  n o t im p o ssib le , to  se p a ra te  

plasm inogen from p ro a c t iv a to r  in  p u r i f i c a t io n  procedures currently- 

used, in d iv id u a l assay s o f  th e  a c t iv e  forms o f th e se  components be

comes a ch a llen g in g  te c h n ic a l problem .

Since plasm in i s  a p r o te o ly t ic  enxyme, a v a ila b le  methods f o r  

i t s  assay  in c lu d e  s e v e ra l p ro te in  s u b s t r a te s .  When a p h y s io lo g ic a l 

c lo t  i s  th e  s u b s t ra te ,  th rom boly tic  a c t i v i t y  o f  plasm in i s  m easured. 

When th e  s u b s tra te  i s  a d o t  formed a r t i f i c i a l l y  by m ix tu re  o f  p u r i f ie d  

thrombin and f ib rin o g e n , the  f i b r i n o ly t i c  a c t i v i t y  o f  th e  enzyme i s  

o b ta in ed . When c a se in , a p ro te in  su sc e p tib le  to  d ig e s tio n  by plasm in 

i s  th e  s u b s t r a te ,  th e  c a s e in o ly tlc  a c t i v i t y  o f  plasm in i s  m easured.

The a b i l i t y  o f most p r o te o ly t ic  enzymes, in c lu d in g  p lasm in , to  hydro

ly z e  c e r ta in  s y n th e tic  e s te r s  has been ex p lo ite d  to  develop assays 

using  s y n th e tic  e s te r s  as  s u b s t r a te s .  In  th e se  p rocedures th e  

e s te  ro ly  t i c  a c t iv i ty  o f  p lasm in (and perhaps a c t iv a to r )  i s  m easured.

The b a s is  o f  most assays c u r re n tly  in  u se  depends on th e  capa

b i l i t y  o f  plasm in ( l )  to  d is s o lv e  f i b r i n  c lo ts  ( f ib r in o ly s i s ) ,  (2 ) to  

d ig e s t  ca se in  ( c a s e in o ly s is ) , and (3) to  hydro lyze s y n th e tic  e s te r s  

( e s t e r o l y s i s ) .
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p re se n c e  o f  an  e n t i t y  u s u a l ly  p r e s e n t  I n  th e  human system  though th e y  

th e m se lv es  a r e  f o r e ig n  s u b s ta n c e s .  Thus, p h y s io lo g ic a l  a c t i v a t o r s  can 

be p la c e d  I n  e i t h e r  o f  two s u b d iv is io n s :  ( l )  th e  d i r e c t  p h y s io lo g ic a l

a c t i v a t o r s , u ro k in a s e  and  sp o n tan eo u s b lo o d  a c t i v a t o r  ( th e  l a t t e r  

p r e s e n t  I n  th e  human p la sm a ) , w hich c o n v e r t p lasm inogen  to  p l asm in 

d i r e c t l y ,  and (2 )  th e  i n d i r e c t  p h y s io lo g ic a l  a c t iv a to r 's  n o t  n o rm ally  

p r e s e n t  i n  th e  human p lasm a b u t  when p r e s e n t  cau se  a  d i r e c t  p h y s io 

l o g i c a l  a c t i v a t o r  to  be fo rm ed . S tre p to k in a s e  and s ta p h y lo k in a s e  a r e  

exam ples o f  t h i s  s u b -c a te g o ry . T h e ir  a c t io n  i s  to  tra n s fo rm  a  p ro 

a c t i v a t o r  i n t o  a  p lasm inogen  a c t i v a t o r .

The n o n p h y s io lo g ic a l a c t i v a t o r s ,  on th e  o th e r  h and , a r e  th o s e  

e n t i t i e s  w hich a r e  f o r e ig n  to  th e  human o rg an ism  and w hich , w ith o u t 

th e  re q u irem e n t o f  human p r o a c t iv a to r ,  p rom ote  th e  f i b r i n o l y t i c  s t a t e  

e i t h e r  by tra n s fo rm in g  p lasm inogen  to  p la sm in  o r ,  i n  some m anner, 

in c r e a s e  th e  e f f e c t iv e n e s s  o f  p lasm in* s a b i l i t y  to  d ig e s t  f i b r i n .

I t  i s  em phasised  t h a t ,  a s  i n  th e  fo rm a tio n  o f  p la sm in , a c t i v a t o r  

i s  u s u a l ly  p r e s e n t  i n  an  i n a c t i v e  form  c a l l e d  p r o a c t i v a t o r .  Thus, a 

doub le  a c t i v a t i o n  i s  n e c e s s a ry  t o  b r in g  a b o u t a  th ro m b o ly tic  re s p o n s e . 

P r o a c t iv a to r  m ust be  changed to  a c t i v a t o r  fo llo w ed  by p lasm inogen  

b e in g  tra n s fo rm e d  to  p la sm in .

The n a tu r a l  a c t i v a t io n  o f  th e  i n t r a v a s c u l a r  th ro m b o ly tic  system  

rem ains a  m y stery  a lth o u g h  i t  i s  known t h a t  a f t e r  s e v e re  e x e rc is e ,  

shock o r  o th e r  body s t r e s s e s ,  th e  c l o t - l y s i n g  p r o p e r t i e s  o f  p lasm a o r  

serum a r e  s i g n i f i c a n t l y  in c r e a s e d .  The i n j e c t i o n  o f  l a r g e  am ounts o f  

s t r e p to k in a s e  u s u a l ly  have a  s im i la r  e f f e c t .



n .  sorvsi of the literature

A. The General Mechanism o f F ib r in o ly s is

The c u rren t concept o f  the  phases o f a c tiv a tio n  and in h ib i t io n  o f 

th e  human f ib r in o ly t ic  system I s  p resen ted  in  Figure 1 ( l ) .  The c h a r t 

i l l u s t r a t e s  th a t  a c t iv a t io n  o f  plasm in from i t s  p recu rso r, plasm inogen, 

can be accomplished e i th e r  d i r e c t ly  o r  in d ir e c t ly .  The in d i r e c t  a c t i 

v a tio n  depends upon th e  a c t iv a tio n  o f  a  p ro a c tiv a to r  before plasminogen 

can be converted to  p lasm in . In  regard  to  th e se  two methods o f a c t iv a 

t io n , new terms were in troduced  to  d i f f e r e n t ia te  the  two mechanisms 

(2 ) .  Lysokinases a re  those a c t iv a t in g  agents which re a c t  w ith  a pro

a c t iv a to r  to  form th e  a c t iv a to r  which transform s plasminogen to  p lasm in. 

P lasm lnop lastln s are  those e n t i t i e s  th a t  d i r e c t  th e  plasminogen to  

plasm in tran sfo rm atio n  w ithou t the  in te rm ed ia te  dependence o f  p ro - 

a c t iv a to r .

The in te ra c t io n  o f the c lo t t in g  and throm boly tic  mechanisms has 

re c e n tly  been made ap p aren t. G eneralized a c c e le ra tio n  o f  coagulation  

upon ad d itio n  o f s tre p to k in a se  and i t s  enhancement by in cu b a tio n  of 

the  tr e a te d  blood w ith  heparin  has been observed ( 3 ) .  Another study 

noted i n i t i a l  h y p e rco ag u lab ility  upon ad d itio n  o f  s trep to k in a se  o r  

u rokinase to  vivo systems ( 4 ) .  An iji v ivo study  dem onstrated 

d e f in i te  c o r re la tio n  between p ro te o ly s is ,  f ib r in o ly s is ,  and coagula

t io n .  Induced in tra v a s c u la r  coagu lation  follow ed by in je c t io n  o f



A rev iew  o f  p e r t in e n t  p u b lish e d  In fo rm a tio n  I s  p re s e n te d  In  th e  

n e x t c h a p te r  to  p ro v id e  th e  re a d e r  w ith  a background o f  th e  mechanism 

and p r o p e r t ie s  o f  th e  components o f  th e  human f i b r i n o l y t i c  system .

In  th e  rev iew , th e r e  I s  more d e t a i l e d  d is c u s s io n  o f  th e  th re e  c a te 

g o r ie s  o f  a s s a y s , b r i e f l y  m entioned above, which a re  c u r r e n t ly  b e in g  

u sed  by I n v e s t i g a to r s ,  Some o f  th e  more s e r io u s  problem s co n fro n ted  

when u t i l i s i n g  th e s e  a s sa y s  a re  em phasized w ith  th e  i n t e n t  o f  making 

th e  re a d e r  aware o f  th e  s e r io u s  need o f  a new a s sa y  system  which 

c ircu m v en ts  th e s e  d i f f i c u l t i e s .

The pu rpose  o f  t h i s  s tu d y  i n i t i a l  l y  was to  develop  an a ssay  

system  w ith  f i b r i n  as  th e  s u b s t r a te  s p e c i f i c  f o r  th e  in d iv id u a l  com

p o n en ts  o f  th e  human f i b r i n o l y t i c  sy stem . Requirem ents o f  th e  a ssa y  

w ere t h a t  i t  be s im p le , re p ro d u c ib le  and e a s i l y  ad ap ted  f o r  u se  i n  

th e  c l i n i c a l  la b o r a to r y .  O ther o b je c t iv e s  were to  s tu d y  th e  ad so rp 

t i o n  c h a r a c t e r i s t i c s  and th e  a c t iv a t io n  k in e t ic s  o f  th e  components 

o f  th e  f i b r i n o l y t i c  system .
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FIGURE 1

A c tiv a t io n  and I n h ib i t i o n  o f  th e  Hunan F ib r i n o ly t i c  S y s te s  (1 )
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plasminogen from rabbit*  dog, ca t and monkey and to ta l ly  in e ffe c tiv e  

w ith  bovine o r porcine plasminogen o r plasma (1 3 ) .

A lysok inase  o f much le s s e r  importance than s trep to k in ase  i s  

staphylokinase* a product o f  c e r ta in  s t r a in s  of staphylococci ( lh ,

13)* I t  re a c ts  more slowly than  s trep to k in ase  in  the human bu t ac

t iv a te s  plasminogen o f  various animals more e f fe c t iv e ly  than s tre p to 

k inase . Bovine plasminogen i s  not a c tiv a te d  by staphylokinase (1 6 ).

2. D irec t physio log ica l a c tiv a tio n . At the p re sen t time i t  i s  

no t known whether th e  spontaneous plasminogen a c tiv a to r  in  blood a f t e r  

e lectroshock , pyrogen in je c t io n , and severe exerc ise  (17) i s  the same 

as th a t  formed a f te r  treatm ent w ith s trep to k in ase . I t  i s  believed  

th a t  th is  "na tu ra l"  a c t iv a to r  i s  formed by the  a c tio n  o f  a t is s u e  

lysok inase  on p ro a c tiv a to r  (1 8 ).

T issues from various sources contain plasminogen a c t iv a to r  or 

p lasm inop lastin  a c t iv i ty  (1 9 ,2 0 ). Body f lu id s  from a hydrocoele, 

hydarthron and hygroma as w ell as am niotic f lu id  and s a liv a  have 

plasminogen a c tiv a to r  a c t iv i ty  (2 1 ). The ac id  po lysacharides in  

these  f lu id s  may be th e  p lasm inop lastins which in  some unknown manner 

a c tiv a te  plasminogen (2 2 ). A ctivation  o f plasminogen in  c a r t i la g e  

w ith a subsequent a tta c k  on the p ro te in -ch o n d ro itin  s u lf a te  complex 

has been reported  ( 23) .

I t  has been suggested th a t  blood try p s in  may be th e  a c tiv a to r  

o f  the  plasminogen to  plasmin as w ell as the  prothrombin to  thrombin
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s tr e p to k in a s e  p roduces a pronounced p h y s io lo g ic a l  e f f e c t  which in v o lv e d  

a d r a s t i c  drop o f  b lo o d  f ib r in o g e n . N e ith e r  induced  c o a g u la tio n  n o r 

d id  s t r e p to k in a s e  i n j e c t i o n  a lo n e  have t h i s  e f f e c t  (5 )»

3 . A c tiv a tio n  o f  P lasm inogen

1 .  I n d i r e c t  p h y s io lo g ic a l  a c t i v a t io n . E a rly  s tu d ie s  have 

d em o n stra ted  th a t  a b a c t e r i a l  p r o te in  produced by growing h em o ly tic  

s t r e p to c o c c i  (6 ) a c t iv a te s  th e  l y t i c  p re c u r s o r ,  p lasm inogen, to  p lasm in  

( 7 ) .  This b a c te r i a l  p ro d u c t, s t r e p to k in a s e ,  has been more e x te n s iv e ly  

used  a s  a p lasm inogen a c t i v a t o r  in  c u r r e n t ly  re p o r te d  experim en ts th an  

any o th e r  a c t i v a t o r .  S tre p to k in a s e  e x h ib i t s  l i t t l e  a c t i v i t y  in  any 

sp e c ie s  o th e r  th a n  th e  human. I t  f i r s t  r e a c ts  w ith  a p r e c u r s o r  in  

human plasm a to  form a p lasm inogen a c t i v a t o r  which causes th e  t r a n s 

fo rm a tio n  o f  p lasm inogen to  p lasm in  in  many s p e c ie s  ( 8 ,9 ,1 0 ) .  The 

s to ic h io m e tr ic  and nonenzym atic p o te n t i a t io n  o f  th e  p re c u r s o r ,  p ro 

a c t iv a to r ,  was em phasized in  a l a t e r  s tu d y  ( l l ) .  Though th e  enzymic 

n a tu re  o f  s t r e p to k in a s e  rem ains in  d o u b t, e s te r a s e  a c t i v i t y  w ith  2 - 

n ap h th y l a c e ta te  as  th e  s u b s t r a te  has been  d em o n stra ted . T h is e s te r a s e  

a c t i v i t y  i s  n o t in h ib i t e d  w ith  soybean t r y p s in  i n h i b i t o r  ( 1 2 ) .

S ince  th e  r o le  o f  s t r e p to k in a s e  i s  an I n d i r e c t  one in  t h a t  i t  

t r ig g e r s  an a c t iv a t io n  o f  p lasm inogen by com bining w ith  an in h e re n t  

component o f  human b lood , i t  has been l i s t e d  a s  an I n d i r e c t  p h y s io 

lo g i c a l  a c t i v a t o r  o r  ly s o k in a s e .  I t  i s  im p o rta n t to  n o te  t h a t  though 

s t r e p to k in a s e  a c t s  on human p lasm inogen , i t  i s  much l e s s  e f f e c t iv e  on
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a c tiv a tio n  I s  a sso c ia ted  w ith th e  re le a se  o f  about s ix teen  p ercen t o f 

the n itro g en  o f th e  plasminogen molecule (26,29)*

3. Nonphysiological a c tiv a tio n * Of the  organic so lven ts known 

to  a c t iv a te  plasminogen, only chloroform has been stu d ied  in  any de

t a i l .  tfoen plasma, serum o r  euglobulln d e r iv a tiv e  th e reo f i s  mixed 

with sm all b u t s p e c if ic  amounts o f chloroform , th e  plasminogen in  

these m a te ria ls  i s  slowly transform ed to  plasmin (33.3*0* In  an 

e a r l ie r  study th e  p o s s ib i l i ty  was ra ise d  th a t  chloroform merely 

destroyed the in h ib i to rs  o f plasmin and w ithout th e i r  in te rfe re n c e  

au to c a ta ly s is  by plasm in takes p lace  (3 5 ). Another theory  has chloro

form re leas in g  an a c t iv a to r  from i t s  in h ib i to r  (1 5 ,3 6 ). I f  the  tru e  

mechanism o f chloroform a c tiv a tio n  follow s the  in h ib i to r  d e s tru c tio n  

th e o rie s  p resen ted  above, then chloroform would p a r t ic ip a te  as an 

in d ir e c t  physio log ica l a c t iv a to r  s ince  the a c tiv a tio n  o f plasminogen 

i s  u ltim a te ly  accomplished by a re leased  p h y sio lo g ica l a c tiv a to r  

(which would be plasmin in  the case o f au to ac tiv a tio n )*  Since the 

inform ation on chloroform a c tiv a tio n  i s  s t i l l  q u ite  lim ite d , i t  i s  

a r b i t r a r i ly  c la s s i f ie d  as a nonphysiological a c t iv a to r .

Though try p s in  was discussed  p rev iously  as a d i r e c t  p h y sio lo g ica l 

a c tiv a to r ,  i t  may a lso  be a nonphysiological a c tiv a to r  (2 4 ). In  the 

absence o f in h ib i to rs  and in  th e  presence o f s ta b i l i s in g  agents such 

as g ly ce ro l, the  a c tiv a tio n  k in e tic s  fo r  p an c rea tic  try p s in  a re  those 

o f a f i r s t  o rder enzymatic re a c tio n . The a c tiv a tio n  i s  slower than 

th a t  induced by strep to k in ase  o r  urokinase (26).
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system s. I t  was f a r th e r  proposed th a t  both  proenzymes may a r is e  from 

th e  same p recu rso r  p ro te in  ( 2U-).

I t  has been noted  th a t  plasm inogen p repared  from plasma o r  serum 

i s  spontaneously  a c t iv a te d  under c e r ta in  co n d itio n s  (25)* The au to 

a c t iv a t io n  tak es  p la c e  slow ly in  a medium co n ta in in g  a la rg e  p e r

cen tage o f  g ly ce ro l and i s  accom plished w ithou t th e  p a r t ic ip a t io n  o f  

p la  sm in o p lastin s (2 6 ).

The p la sn d n o p la s tin  o f  prime i n t e r e s t  in  c u rre n t in v e s t ig a t io n s  

i s  u rok inase  o r u r in e  a c t iv a to r  d iscovered  in  u r in e  o f  man and o th e r  

anim als over a decade ago (2 7 ) . This a c t iv a to r  w ith  re p o rte d  weak 

p r o te o ly t ic  a c t iv i ty  (28) has been co n cen tra ted  and p a r t i a l l y  p u r if ie d  

by chromatography on a s i l i c i c  a c id  column w ith  ammonium s u l f a te  p re 

c ip i t a t io n  o f th e  e lu a te  (2 9 ), by ad so rp tio n  on s i l i c a  gel follow ed by 

aqueous ammonium hydroxide e lu t io n  w ith  fu r th e r  p u r i f ic a t io n  on ion  

exchange columns (2 8 ), and by barium s u lf a te  ad so rp tio n  w ith  a lcoho l 

p r e c ip i ta t io n  o f  the e lu a te  (3 0 ) . In  th e  l a t t e r  p u r i f i c a t io n  tech 

nique i t  was dem onstrated th a t  contam inating  u ropepsin  was destroyed  

a t  the a lk a l in e  pH used in  one o f  th e  p u r i f i c a t io n  s te p s .  Unlike the 

r e la t iv e  s p e c i f i c i ty  dem onstrated by s tre p to k in a se  f o r  th e  human 

system , u ro k in ase  from one sp ec ies  can a c t iv a te  in  vary ing  degrees 

plasm inogen front ano ther sp ec ie s  (3 1 ) . Urokinase has e s te r o ly t i c  

a c t iv i ty  a g a in s t  to s y l  a rg in in e  methyl e s t e r  and ly s in e  e th y l e s te r  

( 32) .  The conversion o f plasminogen to  p lasm in by u rok inase  i s  an 

enzym atic p rocess which proceeds w ith  f i r s t  o rd e r k in e t ic s .  The
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The eu g lo b u lin  p r e c ip i ta t io n  techn ique commonly used a t  p re s e n t i s  e s 

s e n t i a l ly  a d i lu t io n  o f  human plasma w ith  d i s t i l l e d  w ate r fo llow ed by 

a c id i f ic a t io n  to  pH 5 .2  o r  5 .3  w ith  p r e c ip i ta t io n  o ccu rrin g  a t  about 

Q^C. (4-5,30). The eu g lo b u lin  p r e c ip i ta te  re p o rte d ly  co n ta in s  th e  

t o t a l  plasm inogen co n ten t o f th e  o r ig in a l  plasma and i s  e s s e n t ia l ly  

f re e  of any in h ib i to r s  ( 30 ) .  The la c k  o f  in h ib i to r s  in  th e  eu g lo b u lin  

f r a c t io n s  has been emphasised (46,4-7). The use o f  eu g lo b u lin s  as  a 

source o f  plasm inogen co n s id erab ly  reduces th e  in te r fe re n c e  o f  in 

h ib i to r s  in  plasm in d e te rm in a tio n s . I t  i s  w e ll known th a t  th e  euglob

u lin  p re p a ra tio n s  co n ta in  a la rg e  amount o f  p ro a c t iv a to r  in  a d d itio n  

to  plasm inogen. P ro a c tiv a to r  a c t i v i t y  in  eug lo b u lin s has been used as 

an index  o f t o t a l  p ro a c t iv a to r  in  plasma (4 8 ) .

Cohn's (49) human plasma f r a c t io n  I I I  i s  c u r re n tly  used as the  

prim ary s ta r t in g  m a te r ia l  f o r  f u r th e r  p u r i f ic a t io n s  o f  plasm inogen 

a f t e r  i t  was re p o rted  th a t  t h i s  f r a c t io n  con ta ined  v i r tu a l ly  a l l  o f 

th e  plasm inogen in  plasma (5 0 ) . F u rth e r f r a c t io n a t io n  o f  f r a c t io n  

H I ,  accom plished by v a r ia t io n  o f  tem pera tu re , io n ic  s tr e n g th  and 

a lco h o l co n c en tra tio n , enabled th e  s e p a ra tio n  o f  sub f r a c t io n s  H I - 1 ,  

I I I - 2  and I I I - 3. Hie l a s t  o f  th e se  su b fra c tio n s  was dem onstrated to  

co n ta in  most o f  th e  plasm inogen. No o th e r  b io lo g ic a l ly  a c t iv e  e n t i ty  

could  be dem onstrated in  the  su b f ra c tio n . Methods f o r  th e  f u r th e r  

p u r i f i c a t io n  o f  plasm inogen were i n i t i a l l y  developed u t i l i z i n g  th e  

r e la t iv e  s t a b i l i t y  o f  plasminogen a t  low pH. The most w idely  used 

o f  th e se  a c id  e x tra c tio n  p rocedures i s  th e  one developed by K line (5 1 ) .
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The mechanism o f  n o n p h y s io lo g ic a l a c t i v a t io n  I s  n o t  u n d e rs to o d  

b ecau se  th e r e  a r e  so many v a r ie d  and u n r e la te d  chem ical a g e n ts  t h a t  

enhance f i b r i n o l y t i c  a c t i v i t y .  S in ce  th e  chem ica ls  h av in g  t h i s  

a c t i v a t i n g  p ro p e r ty  have no a p p a re n t chem ical s i m i l a r i t y ,  th e r e  i s  

no known s t r u c t u r a l  b a s i s  to  e x p la in  th e  mechanism o f  t h e i r  a c t i v a t in g  

a b i l i t y .  The knowledge o f  th e s e  enhancing  a g e n ts  d a te s  back  to  th e  

tu r n  o f  th e  c e n tu ry  when th io u r e a  was shown to  prom ote c l o t  l y s i s  

(3 7 ) -  Many o th e r  compounds in c lu d in g  n ap h th a le n e  s u l f o n a te  and 

n a p h th o a te s  ( 3 8 ) .  2 , 4 -d im e th y l s u l f o n a te  (3 9 ) ,  f a t t y  a c id s  (4 0 ) ,  and 

p ep to n e  (41 ) were o b se rv ed  to  have t h i s  p r o p e r ty .  A r e l a t io n s h ip  

betw een s t r u c t u r e  and s o - c a l l e d  f i b r i n o l y s i s  " in d u c tio n "  h as  been 

d e s c r ib e d  i n  a s tu d y  o f  a  l a r g e  v a r i e t y  o f  a ro m a tic  c a rb o x y iic  and 

s u l f o n ic  a c id s  (4-2). An i n t e r e s t i n g  o b s e rv a tio n  was t h a t  a l l  th e  

aroma t i c  3 h av in g  a f i b r i n o l y t i c  e f f e c t  w ere h y d ro tro t i ic .  W ith th e  

s u l f o n a te d  a ro m a tic s  c a s e in o ly t i c  and f i b r i n o l y t i c  a c t i v i t y  in c re a s e d  

a s  th e  number o f  m ethy l g roups on th e  benzene r in g  in c r e a s e d .  Eh- 

hancem ent o f  s t r e p to k in a s e - a c t iv a te d  e s t e r a s e  a c t i v i t y  o f  p u r i f i e d  

p lasm inogen  i n  th e  p re s e n c e  o f  p h o s p h a tid y l i n o s i t o l ,  p h o s p h a tid y l 

3 e r in e ,  a s o l e c t in ,  and c e p h a lin  i n  th e  in c u b a tio n  m ix tu re s  h a s  been 

r e p o r te d .  W hile e s t e r a s e  a c t i v i t y  was in c re a s e d ,  c a s e in o ly t i c  ac 

t i v i t y  was n o t a f f e c t e d  (4-3) .

G. Source and  P u r i f i c a t i o n  o f  P lasm inogen

E u g lo b u lin s  p r e c i p i t a t e d  from human p lasm a and r e d is s o lv e d  were 

f i r s t  u se d  a s  a  p a r t i a l l y  p u r i f i e d  s o u rc e  o f  human p lasm inogen  ( 4 4 ) .
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DEAD Sephadex has been used rece n tly  in  p u rify in g  plasminogen. 

Lysine so lu tio n s  have been u t i l iz e d  as e lu tin g  so lven ts  w ith DEAE 

Sephadex columns (56,57) as w ell as w ith those of DEAE c e llu lo se  (58)* 

Lysine and €  -aminocaproic ac id  appear to  have a s p e c if ic  so lu b iliz in g  

e f fe c t  on plasminogen* Paper e le c tro p h o re tic  analyses o f  DEAE 

Sephadex e lu a te s  in d ic a ted  th a t the  plasminogen was apparen tly  con

cen tra ted  in  a minor p ro te in  band. A Sephadex gel f i l t r a t e  o f plasma 

f ra c tio n  X I-H I was fu r th e r  p u r if ie d  on a DEAE Sephadex column ( 39) .

Hone o f the e lab o ra te  p u r if ic a t io n  techniques d iscussed  above 

have re su lte d  in  a plasminogen p rep ara tio n  devoid o f a c t iv a to r  a c t iv i ty  

upon ad d itio n  o f s trep to k in ase . Indeed, th e  p u re s t form o f plasminogen 

ob ta inab le  from human blood contains the so -ca lled  p ro a c tiv a to r  which 

i s  converted in  the presence o f  s trep to k in ase  in to  a plasminogen 

a c tiv a to r  (60 ). Because the two e n t i t i e s ,  plasminogen and p ro ac tiv a 

to r ,  have n o t been separa ted , some in v e s tig a to rs  b e liev e  they a re  

id e n tic a l  (61 ,6 2 ,6 3 ). In  a recen t study, however, Greig and Cornelius 

reported  th a t  a separa tion  o f plasm inogen-rich and p ro ac tiv a to r-p o o r 

so lu tio n  from one w ith the opposite c h a ra c te r is t ic s  was accomplished 

(64 ). These in v e s tig a to rs  b e liev e  th a t ,  though p ro a c tiv a to r  and 

plasminogen d i f f e r ,  they are  derived  from the same p a ren t m olecule.

The ex isten ce  o f th e  unique e n t i ty ,  p ro a c tiv a to r , remains in  doubt.

D. The Qwymatic P ro p e rtie s  o f Plasmin

Plasmin i s  formed from plasminogen by the ac tio n  o f one o f many 

a c t iv a to rs .  Plasmin has a m olecular weight o f about 107,000,
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I n  t h i s  m ethod f r a c t i o n  I I I  i s  e x t r a c te d  a t  pH 2; th e n  th e  e x t r a c te d  

m a te r ia l  i s  r e p r e c i p i t a t e d  a t  pH 5*3 and r e d is s o lv e d  a t  pH 11* The 

p lasm inogen  was a g a in  p r e c i p i t a t e d  a t  pH 5*3 and d ia ly z e d  a g a in s t  a 

sodium p h o sp h a te  s o lu t io n .  The f i n a l  p ro d u c t was in s o lu b le  a t  n e u t r a l  

pH, More r e c e n t ly  two more s te p s ,  th o s e  o f  0 ,1  M ly s in e  e x t r a c t io n  and 

p r e c i p i t a t i o n  a t  pH 2 i n  1 .0  K sodium c h lo r id e ,  w ere added to  th e  b a s ic  

p ro c e d u re  to  g iv e  even g r e a te r  p u r i t y  o f  th e  proenzym e ( 5 2 ) .  Acid ex

t r a c t i o n ,  how ever, may d e n a tu re  p lasm inogen  ( l ? ) *  "N ativ e"  p lasm inogen  

had  peak  c a s e in o ly t ic  a c t i v i t y  a t  an e n z y m e -su b s tra te  r a t i o  o f  l :h 0  

w h ile  th e  p lasm inogen  o b ta in e d  by th e  above d e s c r ib e d  a c id  e x t r a c t io n  

m ethod had  peak  a c t i v i t y  a t  1 :200  to  1 :3 0 0  ( 53)* In  view  o f  th e  above- 

m en tioned  d i f f e r e n c e s  i n  a c t i v i t y  and b ecau se  th e  a c id  e x t r a c te d  p l a s 

minogen i s  in s o lu b le  w h ile  p lasm inogen  p u r i f i e d  by o th e r  means i s  

s o lu b le ,  th e  a c id  e x t r a c te d  e n t i t y  i s  r e f e r r e d  to  a s  K l in e 's  p la sm in 

ogen to  d is t in g u is h  i t  from th e  s o - c a l l e d  " n a tiv e "  v a r i e ty .

Chrom atography h a s  been  e x te n s iv e ly  used  in  o b ta in in g  h ig h ly  

p u r i f i e d  p r e p a r a t io n s  o f  p la sm in o g en . E x tr a c t io n  o f  p lasm a w ith  30 

p e rc e n t  ammonium s u l f a t e  fo llo w ed  by p r e c i p i t a t i o n  a t  pH 5*3 and 

chrom atography o f  th e  r e d is s o lv e d  p r e c i p i t a t e  r e s u l t e d  in  a p u r i f i e d  

w a te r - s o lu b le  p r e p a r a t io n  o f  p lasm inogen  (5*0* The u t i l i z a t i o n  o f  

DEAE c e l lu lo s e  columns on C -a n in o c a p ro ic  a c id  e x t r a c te d  e u g lo b u lin  

f r a c t i o n s  a s  s t a r t i n g  m a te r ia l  r e s u l t e d  i n  h ig h ly  p u r i f i e d  p re p a ra 

t i o n s  o f  p lasm inogen  ( 5 5 ) ,  In  a t  l e a s t  two e l e c t r o p h o r e t i c a l l y  d i f 

f e r e n t  p eak s  p lasm inogen  was d em o n stra ted .
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E. In h ib i to r s  o f  th e  Hunan F ib r in o ly t ic  System

Figure 1 i l l u s t r a t e s  two c a te g o rie s  o f  in h ib i to r s  in  th e  human 

f ib r in o ly t i c  system . The an tip la sm in s  a re  those agen ts  th a t  d i r e c t ly  

i n h ib i t  th e  a c tio n  o f  plasm in on i t s  s u b s t ra te ,  w hile th e  a n t ia c t iv a 

to r s  have an e f f e c t  on th e  a c t iv a to r  and cause a supp ression  in  th e  

conversion  o f  plasm inogen to  p lasm in .

The an tip lasm in  o f b lood has rece ived  sp e c ia l a t te n t io n  from in 

v e s t ig a to r s  s in ce  the  p o s s i b i l i t y  e x is ts  th a t  i t  may be d i r e c t ly  

involved  in  p a th o lo g ic  co n d itio n s  invo lv ing  c lo t  d is s o lv in g  a b n o m a li-  

t i e s .  The p o s s i b i l i t y  th a t  th e  known blood ■ try p s in  in h ib i to r  and 

an tip la sm in  a re  the same e n t i ty  has been o b v ia ted  in  a b lood  f r a c 

t io n a t io n  study  which dem onstrated th a t  try p s in  in h ib i to r  was in  

f r a c t io n  IV w hile p la so in  in h ib i to r ,  alm ost com pletely f r e e  o f t ry p s in  

in h ib i to r  was in  f r a c t io n  V (3 6 ) . V e r if ic a tio n  o f  t h i s  o b se rv a tio n  

was o b ta in ed  in  ammonium s u l f a te  f r a c t io n a t io n  s tu d ie s  (71) as w ell 

as in  e le c tro p h o re t ic  experim en ts. A ntiplasm in a c t iv i ty  was p re se n t 

in  th e  alpha^ g lo b u lin  f r a c t io n ,  whereas th e  m ajor a n t i t i y p t i c  ac

t i v i t y  was in  th e  alpha^ g lo b u lin  f r a c t io n .

More re c e n t s tu d ie s  have dem onstrated th e  p resence  o f  more than  

one an tip la sm in  in  th e  blood. In  one o f  the  more in te r e s t in g  o f  th e se  

s tu d ie s  th e  in v e s t ig a to r s  i s o la te d  two an tip la sm in s  which they  c a l le d  

alpha^ and alpha^ due to  t h e i r  e le c tro p h o re t ic  m ig ra tio n  ch a ra c te r

i s t i c s  (73)* Alpha^ in h ib i to r  re a c te d  im e d ia te ly  w ith  plasm in b u t d id
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ap p ro x im a te ly  tw e n ty -fo u r  p e r c e n t  l e s s  th a n  t h a t  o f  i t s  zymogen. In  

th e  c o n v e rs io n , a p e rc e n ta g e  in c re a s e  i n  hexose c o n te n t  i n d ic a t e s  

t h a t  t h i s  m o ie ty  was n o t s p l i t  o f f  d u r in g  a c t iv a t io n  ( 6 5 ) .

The p r o t e o l y t i c  a c t i v i t y  o f  p la sm in  h as  been e x te n s iv e ly  s tu d ie d .  

I t  h a s  been  concluded  t h a t  p la sm in  c a ta ly z e s  th e  c le av a g e  o f  th e  

same s y n th e t ic  e s t e r s  a s  does t r y p s in  and th rom bin  ( 1 0 ,6 6 ) .  P lasm in  

and t r y p s in  have s im i la r  k i n e t i c  b e h a v io r  w ith  s im i la r  s u b s t r a t e s ,  

b u t  b o th  d i f f e r  c o n s id e ra b ly  from  th ro m b in . I t  was p ro p o sed  t h a t  

f i v e  a c t iv e  c e n te r s  a r e  p r e s e n t  in  b o th  p la sm in  and t r y p s in  from 

k in e t i c  d a ta  o b ta in e d  i n  pH p r o f i l e  s tu d ie s  ( 6 7 ) .  P ro b ab ly  one o r  

more o f  th e s e  a re  d i f f e r e n t  i n  th e  two enzym es. One o f  th e  d i f f e r 

en ces n o te d  betw een p la sm in  and t r y p s in  was t h e i r  s to r a g e  s t a b i l i t y .

S ince  t r y p s in  and p la sm in  a r e  s im i la r ,  i t  was concluded  t h a t  

p la sm in  c le a v e s  an a r g in y l - g ly c y l bond when i t  a t t a c k s  f i b r i n  ( 6 8 ) .

Hie k in e t i c  p r o p e r t i e s  o f  human p la sm in  a r e  s im i l a r  to  th o se  o f  bov ine 

p la sm in  (6 9 ) .

The p re se n c e  o f  more th a n  one ty p e  o f  p la sm in  h a s  been  sug

g e s te d  by in v e s t ig a to r s  s tu d y in g  th e  k in e t i c  b e h a v io r  o f  s t r e p t o 

k in a s e - a c t iv a te d  p lasm inogen  p r e p a r a t io n s  ( 7 0 ) .  I t  was su g g e s ted  

t h a t  th r e e  p la sm in s  a r e  n o rm ally  p r e s e n t ,  one w ith  a  f a s t  r a t e  o f  

p r o t e o l y t i c  a c t i v i t y ,  th e  second h av in g  a  s lo w e r  r a t e  o f  p r o te o ly s i s ,  

and th e  t h i r d  w ith  p r im a r i ly  e a t e r o l y t i c  a c t i v i t y .
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a t t r ib u te d  to  th e i r  high phospholip id  oontent (3 3 ). Ib is  conclusion  i s  

scnevhat co n tra d ic to ry  to  th e  o b serv a tio n  th a t  c e r ta in  phospholip ids 

have an enhancing e f f e c t  on the system (4 3 ).

In  ad d itio n  to  the an tip la sm in s , ano th er h e a t - la b i le  f a c to r  

p re se n t in  human serum and plasma makes c lo ts  more r e s i s t a n t  to  

plasm in a t ta c k .  Hie f a c to r  i s  n o t an an tip lasm in  and i t s  e f f e c t  may 

be due to  su b s tra te  a l te r a t io n  ( f ib r in )  and n o t to  a c tio n  on th e  enzyme 

system (8 4 ).

Known in h ib i to r s  o f try p s in  ob ta ined  from p la n t  and animal 

sources a lso  in h ib i t  plasm in. P an crea tic  try p s in  in h ib i to r  (85) as 

w ell as soybean try p s in  in h ib i to r  (86) a re  very e f fe c t iv e  in h ib i to r s  

o f th e  plasm in . Hie a b i l i t y  o f  soybean try p s in  in h ib i to r  to  in h ib i t  

plasm in and no t a c t iv a to r  has been rep o rted  (3 7 ). A method to  d i f 

f e r e n t ia te  between th e  e s te r o ly t lc  a c t iv i ty  o f  plasm in and th a t  o f  

a c t iv a to r  by suppressing  the  form er w ith th e  in h ib i to r  i s  proposed.

Very l i t t l e  in fo rm ation  i s  a v a ila b le  on th e  a n t ia c t iv a to r s  o r  

the in h ib i to r s  o f plasminogen a c t iv a t io n . Inconclusive evidence sug

g es tiv e  o f  th e  presence o f a n a tu ra l a n t ia c t iv a to r  in  c irc u la t in g  

blood has been p resen ted  (1 5 ). A bovine g lo b u lin  p re p a ra tio n  which 

in h ib i t s  a c t iv a tio n  o f bovine plasminogen by human g lo b u lin  tr e a te d  

w ith s trep to k in a se  was rep o rted  (8 8 ) . Hie e f f e c t  o f bovine g lobu lin  

on th e  a c t iv a t io n  p rocess was markedly reduced in  th e  presence o f  

f ib r i n .  This i s  ano ther dem onstration o f  th e  p ro te c tio n  by f ib r in  o f 

the components o f  the  f ib r in o ly t ic  system from t h e i r  in h ib i to r s .
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n o t combine w ith  th e  enzyme i n  a  f ix e d  r a t i o .  The a d d i t io n  o f  more 

p r o t e in  s u b s t r a t e  to  th e  r e a c t io n  m ix tu re  re v e rs e d  th e  i n h i b i t i o n .

Thus, a lp h a^  a n t ip la s m in  a c t s  as  a  c o m p e titiv e  i n h i b i t o r .  The a lp h a 2 

a n t ip la s m in , on th e  o th e r  hand , r e a c te d  s lo w ly  and i n  a f ix e d  r a t i o  

w ith  p la sm in . The a d d i t io n  o f  more p r o te in  s u b s t r a te  d id  n o t  re v e r s e  

th e  i n h i b i t i o n  b u t  p re v e n te d  f u r t h e r  i n h i b i t i o n .  W ith in  v iv o  sy stem s, 

th e  p re se n c e  o f  in c re a s e d  am ounts o f  th e  n a tu r a l  s u b s t r a t e ,  f i b r i n ,  

th e r e f o r e ,  may r e v e r s e  o r  su p p re ss  f i b r i n o l y t i c  i n h i b i t i o n .  A d d itio n  

o f  a n t ip la s m in  to  s t r e p to k in a s e ,  u ro k in a s e , o r  sp o n ta n eo u s ly  a c t iv a te d  

human p lasm inogen  r e s u l t e d  in  a more r a p id  d e c re a se  o f  th e  c a s e in o -  

l y t i c  a c t i v i t y  th a n  th e  in  v ivo  f i b r i n o l y t i c  a c t i v i t y  (7 * 0 . A n ti

p la sm in , th e r e f o r e ,  i s  a l e s s  e f f e c t i v e  o o iq p e titiv e  i n h i b i t o r  o f  th e  

p la s m in - f ib r in  system  th a n  o f  th e  p la s m in -c a s e in  sy stem . More s tu d ie s  

a r e  n e c e s s a ry  to  f u l l y  u n d e rs ta n d  th e  c o m p e titiv e  n a tu re  o f  th e  a n t i -  

p la s n d n s .

S y n th e tic  e s t e r  s u b s t r a t e s  f o r  p la sm in  a r e  c o m p e ti tiv e  i n h i b i t o r s  

o f  p la s m in 's  c a s e in o ly t ic  a c t i v i t y .  The e s t e r s ,  p - to lu e n e s u lf o n y l  

L -a rg in in e  m ethy l e s t e r  and L - ly s in e  e th y l  e s t e r ,  com pete w ith  c a s e in  

f o r  p la sm in  ( 1 1 ,7 5 ) .

The many known i r r e v e r s i b l e  i n h i b i t o r s  o f  p la sm in  in c lu d e  

c y s te in e  and m ereap to e th a n o l  ( 7 6 ) ,  h e p a r in  (7 7 ) ,  c a rb o x y lic  and amino 

a c id s  ( 7 8 ) ,  polyam ino a d d s  (79)* m e th y la a in e  and u re a  ( 8 0 ) ,  S e ro to n in  

(81) and  g ly c e ro l  (82 ) a r e  i n h i b i t o r s  o f  f i b r i n o l y t i c  a c t i v i t y .  The 

a b i l i t y  o f  b lo o d  p l a t e l e t  p r e p a r a t io n s  to  i n h i b i t  f i b r i n o l y s i s  was
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f o r  th e  r e le a s e  o f  th re e  f ib r ln o p e p tid e s  from f ib r in o g e n  in s te a d  o f  th e  

two p re v io u s ly  m entioned (98)* F ib rinogen  lo s e s  abou t e ig h tee n  p e rc e n t 

o f  i t s  s i a l i c  a c id  du rin g  c lo t t in g .  I f  th i s  s i a l i c  a c id  i s  removed by 

neuram inidase ( in s te a d  o f  by th rom bin), th e  f ib r in o g e n  beocues much 

more s u s c e p tib le  to  c lo t t in g  (9 9 ) . K in e tic  s tu d ie s  dem onstrated  th a t  

above pH 8 , two f i r s t  o rd e r  re a c tio n s  occurred  in  th e  throm bin- 

c a ta ly z e d  conversion  o f  f ib r in o g e n  to  f i b r i n  (1 0 0 ). At pH 5 .5  to  8 

on ly  one re a c tio n  was a p p a re n t. The in te r p r e t a t i o n  o f  th e  two re a c 

t io n s  no ted  a t  h ig h e r  pH was t h a t  th e  f i r s t  r e a c t io n  was p r o te o ly s is  

w herein  f i b r i n  m olecu les were formed, w h ile  th e  second re a c t io n  was 

th e  p o ly m e riza tio n  r e a c t io n .

A second s ta g e  o f  throm bin a c tio n  I s  th e  a c t iv a t io n  o f  an 

o l tg o s a c h a r id e - s p l i t t in g  enzyme which, in  i t s  a c t iv a te d  form, "vu l

can izes  ” th e  d o t  and makes I t  in s o lu b le  in  5 M u re a . C lo ts  la c k in g  

t h i s  f a c to r  a re  so lu b le  in  th e  u rea  s o lu t io n  (1 0 1 ). The c l o t f s 

r e s is ta n c e  to  u rea  su g g ests  t h a t  th e  s o - c a l le d  v u lc a n iz a tio n  makes 

th e  f i b r i n  d o t  l e s s  s u s c e p tib le  to  d ep o ly m eriza tio n .

A tw o -stag e  ro le  o f  throm bin has a ls o  been proposed in  an o th er 

s tu d y . Thrombin forms f i b r i n  from f ib r in o g e n  and "desm oflbrln" from 

f i b r i n  by th e  a c t iv a t io n  o f  a f i b r i n - s t a b i l i z i n g  f a c to r  analogous to  

th e  o l ig o s a c h a r id e -a t ta c k in g  enzyme (1 0 2 ). An enzyme c a l le d  " f ib r in -  

ase" which changes u re a -s o lu b le  d o t s  to  u re a - in s o lu b le  d o t s  has been 

i s o la te d  and p u r i f i e d  ( 1 0 3 ) .
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F i b r i n o ly t i c  a c t i v i t y  i s  red u ced  by €  -am in o c ap ro ic  a d d  i n  v iv o  

a s  w e ll  a s  v i t r o .  H ie compound c o r r e c t s  in  v iv o  d e f e c ts  w hich r e 

s u l t  from  p a th o lo g ic a l  in c r e a s e s  o f  f i b r i n o l y t i c  a c t i v i t y  (89 )*  Tube 

d o t  l y s i s  s tu d ie s  i n d i c a t e  s t r o n g  i n h i b i t i o n  o f  l y s i s  by th e  cap r o ic  

a d d  ( 9 0 ) .  The mechanism by which th e  compound s u p p re s s e s  f i b r i n o 

l y t i c  a c t i v i t y  i s  p r im a r i ly  i n h i b i t i o n  o f  th e  a c t i v a t o r ,  i . e . , th e  

c o n v e rs io n  o f  p lasm inogen  to  p la sm in  ( 9 1 ,9 2 ) .  Though th e  a n t i a c t i v a t o r  

e f f e c t  i s  c o n s id e re d  th e  p r im a ry  in f lu e n c e ,  ev id en ce  f o r  a n tip la s m in  

a c t i v i t y  o f  (-a m in o  cap r o i c  a c id  h a s  been  r e p o r te d  (93 )*

An in v e s t ig a t io n  in v o lv in g  th e  serum o f  a  p a t i e n t  w ith  ex tended  

r e c u r r e n t  i n t r a v a s c u l a r  c l o t t i n g  e s ta b l i s h e d  t h a t  i n  a d d i t io n  to  th e  

norm al a n t i s t r e p to k in a s e  a n t ib o d ie s  c o n ta in e d  i n  f r a c t i o n  H I - I I ,  a 

h e a t - l a b i l e  a n t iu ro k in a s e  was p r e s e n t  i n  f r a c t i o n  IV -I (9 * 0 . More 

r e c e n t ly ,  a  norm al component in  human serum was r e p o r te d  to  i n h i b i t  

th e  a c t i v a t i o n  o f  p lasm inogen  by u ro k in a se  ( 9 5 ) .

F . The F orm ation  and  L y s is  o f  F ib r in

B ecause f i b r i n  i s  th e  im p o r ta n t p h y s io lo g ic a l  s u b s t r a t e  f o r  th e  

f i b r i n o l y t i c  sy stem , i t s  o r ig in ,  p r o p e r t i e s  and d e g ra d a tio n s  a r e  

w orthy  o f  d is c u s s io n .

The a c t io n  o f  thrombin on f ib r in o g en  was reported  to  cause the  

l o s s  o f  th ree  p ercen t o f  the fib r in o g en  m olecu le a s two p ep tid es  ( 96)* 

These a lte r e d  fib r in o g en  m o lecu le s , now f ib r in  m o lecu le s , aggregate to  

form th e  prim ary d o t  ( 9 7 ) .  A more recen t study reported  ev idence
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Plasm in h y d ro ly s is  o f  f i b r i n  r e s u l t s  in  tw elve n o n -d ia ly x a b le  

p ro d u c ts . The c o n c e n tra tio n  o f  t r i c h l o r a c e t i c  a c id - s o lu b le  p ro d u c ts  

p ro g re s s iv e ly  in c re a s e d  w ith  con tinued  in c u b a tio n  o f  th e  r e a c t io n  

m ix tu re  (1 0 9 ). These p ro d u c ts  were se p a ra te d  and id e n t i f i e d  u s in g  

e le c tro p h o re t ic  p ro ced u res .

I t  i s  o f  i n t e r e s t  to  n o te  t h a t  some s tu d ie s  o f  c lo t  l y s i s  in v o lv e  

f i b r i n  c lo t s  co n ta in in g  plasm inogen in c o rp o ra te d  w ith in  th e  c lo t  i t 

s e l f .  In  one o f  th e se  s tu d ie s ,  th e  amount o f  s o lu b i l i s e d  p r o te in  

re le a s e d  from a c l o t  exposed to  an a c t iv a to r  s o lu t io n  was p ro p o r t io n a l  

to  th e  amount o f  plasm inogen w ith in  th e  d o t .  I f  plasm inogen i s  added 

to  th e  aqueous phase , no in c re a s e  in  a c t i v i t y  o c c u rs . With a con

s ta n t  amount o f  plasm inogen in c o rp o ra te d  in  th e  g e l p h ase , th e  r a te  

o f  f ib r i n o ly s i s  was a m easure o f  th e  amount o f  a c t iv a to r  (u ro k in a se  

o r  s tre p to k in a se - in d u c e d  plasm a a c t iv a to r )  added to  th e  system  (1 1 0 ).

In  a n o th e r  s tu d y  plasm inogen adsorbed in  th e  form ing d o t  had  l i t t l e  

e f f e c t  on th e  l y s i s .  A dsorption o f  a c t iv a to r  and plasm inogen on th e  

su rfa c e  o f  th e  formed c lo t  caused fo rm ation  o f  p lasm in  w ith  subsequen t 

l y s i s  (1 1 1 ) .

G. Measurement o f  Human F ib r in o ly t ic  A c tiv i ty

1* G enera l. The assay s  f o r  th e  components o f  th e  human f ib r in o 

l y t i c  system  may be c l a s s i f i e d  acco rd in g  to  th e  s u b s t ra te  u sed . Same 

a ssay s  n o t c u r r e n tly  used and o f  r e l a t i v e l y  l i t t l e  im portance w i l l  be 

o m itted  from t h i s  d is c u s s io n .
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I t  h as  been  d em o n stra te d  t h a t  even th e  p u r e s t  p r e p a r a t io n s  o f  

f i b r i n  o r  i t s  p r e c u r s o r ,  f ib r in o g e n , a re  co n tam in a ted  w ith  p lasm inogen  

(104-, 1 0 ,5»1 0 6 ) . The im p o rtan ce  o f  endogenous p lasm inogen  in  f i b r i n  

p r e p a r a t io n s  used  as  s u b s t r a te s  i n  a s sa y s  o f  th e  com ponents o f  th e  

f i b r i n o l y t i c  system  h as  been  em phasized e a r l i e r  ( 9 ,1 7 ) .  I t  h as  r e 

c e n t ly  been  concluded  t h a t  b ov ine  f i b r i n  co n tam in a ted  w ith  p lasm inogen  

i s  u s e le s s  f o r  th e  e s t im a t io n  o f  p la sm in  in  s o lu t io n s  c o n ta in in g  

p lasm in o g en  a c t i v a t o r s .  F ib r i n o ly t i c  a c t i v i t y  m easured on system s 

from  w hich th e  co n tam in a tin g  p lasm inogen  h a s  been  removed i s  t r u e  

p la sm in  a c t i v i t y .  B ergstrom  and W allen have d ev e lo p ed  a  m ethod f o r  

f ib r in o g e n  p u r i f i c a t i o n  i n  which such rem oval o f  endogenous p lasm inogen  

was acco m p lish ed  by e x t r a c t io n  o f  th e  co n tam in an t w ith  a  l y s i n e  s o lu 

t i o n  (1 0 7 ) .  L a te r  i t  was d em o n stra te d  t h a t  €  -am in o c ap ro ic  a c id  as 

w e ll  a s  l y s i n e  s o lu t io n s  change th e  s o l u b i l i t y  c h a r a c t e r i s t i c s  o f  th e  

p la sm in o g en -co n tam in a ted  human f ib r in o g e n  s o lu t io n s .  T his s o l u b i l i t y  

e f f e c t  was u t i l i z e d  to  p re p a re  f ib r in o g e n  f r e e  o f  th e  proenzym e (1 0 8 ) . 

I t  was o b se rv ed  i n  t h i s  s tu d y  t h a t  d i l u t i o n  o f  a s o lu t io n  o f  human 

f ib r in o g e n  in  0 .3  M sodium c h lo r id e  w ith  l y s i n e  s o lu t io n  a t  pH 7 to  

a  f i n a l  l y s i n e  c o n c e n tr a t io n  o f  0 .1  M and p r e c i p i t a t i o n  a t  an  e th a n o l 

c o n c e n tra t io n  o f  seven  p e r c e n t  r e s u l t s  in  a f ib r in o g e n  p r e p a r a t io n  in  

95  p e r c e n t  y i e ld  c o n ta in in g  l e s s  th a n  o n e - te n th  o f  th e  o r i g i n a l  

p la sm in o g en . When th e  p u r i f i e d  f ib r in o g e n  was c o n v e rte d  to  f i b r i n  

and t r e a t e d  w ith  p la sm in , s u b s t r a t e  r e a c t i v i t y  was unchanged . No 

a p p a re n t changes i n  th e  e l e c t r o p h o r e t i c  o r  s e d im e n ta tio n  c h a ra c te r 

i s t i c s  o f  th e  l y s i n e - e x t r a c te d  f ib r in o g e n  w ere n o te d  (1 0 8 ) .
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o b ta in ed  e i t h e r  by th e  a d d itio n  o f  an exogenous a c t iv a to r  such a s  u ro 

k in ase  o r  by fo  m a t  io n  o f  i n t r i n s i c  a c t iv a to r  by th e  a d d i t io n  o f  

s tr e p to k in a s e  to  a t e s t  s o lu t io n  exposed to  a  p la s m in -s p e c if ic  sub

s t r a t e .  For e v a lu a tin g  in d iv id u a ls  f o r  in t r a v a s c u la r  f i b r i n o l y t i c  

a c t i v i t y ,  th e  plasm a eugLobuLin has been u n iv e r s a l ly  accep ted  as th e  

enzyme source th a t  i s  f r e e  o f  in h ib i to r  su p p ress io n  e f f e c t s .  To 

e v a lu a te  enzyme a c t i v i t y  i n  th e  p resen ce  o f  i t s  n a tu r a l  i n h ib i to r s ,  

plasm a has been p redom inan tly  used  a s  th e  enzyme so u rce .

2 . Casein as th e  s u b s t r a te . C asein has been w idely  ac ce p ted  as 

a s u b s t r a te  f o r  p lasm in  a s sa y . In  th e  o r ig in a l  method, th e  e x te n t  o f  

enzym atic d ig e s t io n  o f  c a se in  was m easured by th e  amount o f  a c id  

s o lu b le  p r o te o ly t ic  p ro d u c ts  d e te c te d  sp ec tro p h o to m e tid e a lly  ( a t  280 

mu) in  t r i c h l o r a c e t i c  a d d  e x t r a c ts  o f  th e  in c u b a tio n  m ix tu re  (1 1 2 ).

In  a n o th e r  method developed abou t th e  same tim e a l e s s e r  c o n c e n tra tio n  

o f  c a se in  was u t i l i z e d  in  th e  in c u b a tio n  m ix tu re  w ith  aqueous p e r 

c h lo r ic  a c id  as  th e  e x t r a c t in g  medium In s te a d  o f  t r i c h lo r o a c e t ic  a c id  

(113) • S ince th e  p u b l ic a t io n  o f  th e  above c a s e in o iy t ic  m ethods, 

s e v e ra l m o d if ic a tio n s  have been su g g ested  (11^, 115)* A method has

been proposed in  which th e  r a d io a c t iv i ty  o f  a c id - s o lu b le  p r o te o ly t i c
l '? Lp ro d u c ts  o f  I  la b e le d  ca se in  was used  as a m easure o f  p lasm in  ac

t i v i t y  (1 1 6 ) .

A re c e n t s tu d y  h as  given evidence th a t  th e  a lpha^  and b e ta  f r a c 

t io n s  o f  c a se in  a re  l e s s  s e n s i t iv e  to  p lasm in  a t ta c k  th a n  th e  a lpha^  

f r a c t io n  (117 )• Because p u r i f i e d  c a se in  c o n ta in s  th e s e  th re e  f r a c t io n s
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I t  sh o u ld  b e  e v id e n t  t h a t  no m a tte r  w hat s u b s t r a t e  i s  u t i l i z e d ,  

th e  a c t i v i t y  b e in g  m easured  may n o t  be t h a t  o f  p la sm in  a lo n e , b u t a 

com bined e f f e c t  o f  p la sm in  and a c t i v a t o r .  I t  i s  im p o r ta n t, th e r e 

f o r e ,  t o  c o n s id e r  n o t  o n ly  th e  m ethod in v o lv e d  b u t a l s o  th e  e n t i t y  

b e in g  m easu red .

The m easurem ent o f  th e  f i b r i n o l y t i c  p r e c u r s o r s ,  p lasm inogen  and 

p r o a c t iv a to r ,  can o b v io u s ly  be done o n ly  a f t e r  th e s e  s u b s ta n c e s  have 

been  tra n s fo rm e d  i n t o  t h e i r  a c t iv e  fo rm s. A p la s m in o p la s t in  such as 

u ro k in a s e  tra n s fo rm s  a l l  p lasm inogen  to  p la sm in . The d i f f e r e n c e  in  

a c t i v i t y  w ith  and w ith o u t u ro k in a s e  tr e a tm e n t g iv e s  a  p lasm inogen  

v a lu e  w h ile  th e  a c t i v i t y  w ith o u t u ro k in a se  t r e a tm e n t  g iv e s  th e  p la sm in  

v a lu e .  S in ce  u ro k in a s e  may have an  enzym atic  e f f e c t  i t s e l f  on th e  

s u b s t r a t e ,  knowledge o f  u ro k in a se * s  a b i l i t y  to  h y d ro ly z e  th e  sub 

s t r a t e  i s  v e ry  im p o r ta n t i n  e v a lu a t in g  a c t i v i t y  i n  such e x p e rim e n ts . 

S tre p to k in a s e  co m p le te ly  changes p r o a c t iv a to r  to  a c t i v a t o r  and sub

se q u e n tly  a l l  p lasm inogen  i s  tra n s fo rm e d  to  p la s m in . S ince  a l l  th e  

p la sm inogen  p r e p a r a t io n s  a re  m ix tu re s  o f  p r o a c t iv a to r  and p lasm inogen , 

th e  a d d i t io n  o f  s t r e p to k in a s e  e n a b le s  th e  m easurem ent o f  t o t a l  ac 

t i v a t o r  ( p r o a c t iv a to r  p lu s  a c t i v a to r )  and  t o t a l  p la sm in  (p lasm inogen  

p lu s  p la sm in ) a c t i v i t y  i f  s u b s t r a te s  can b e  made to  respond  s p e c i f i 

c a l l y  w ith  e i t h e r  p la sm in  o r  a c t i v a t o r .

Thus, t o t a l  a c t i v a t o r  a c t i v i t y  can be o b ta in e d  by th e  p re se n c e  

o f  o p tim a l amounts o f  s t r e p to k in a s e  i n  r e a c t io n  m ix tu re s  c o n ta in in g  a  

s p e c i f i c  s u b s t r a t e  f o r  a c t i v a t o r .  T o ta l p la sm in  a c t i v i t y  may be



only LME (1 1 ) . No co rro b o ra tin g  evidence has been rep o rted . A l a t e r  

study dem onstrated two d i s t i n c t  LME h y d ro ly tic  enzymes a c tiv a te d  in  

aug lobu lins by s tre p to k in a se  (121). These enzymes may be d i f f e r 

e n tia te d  sin ce  one o f th ese  enzymes was r e la t iv e ly  h e a t- s ta b le ,  in 

h ib i te d  by soybean try p s in  in h ib i to r  and no t in a c tiv a te d  by p r e c ip i ta 

tio n  a t  pH 2 in  2 M sodium ch lo rid e  so lu tio n , w hile the o th e r  had none 

o f these c h a r a c te r i s t ic s .  In  ano ther in v e s tig a tio n  an assay  in  which 

LME was u t i l i z e d  as s u b s tra te  was proposed fo r  a c t iv a to r  a c t iv i ty .

The e s te ra s e  a c t iv i ty  o f a c t iv a to r ,  formed in  the  presence o f s t r e p to 

k inase , was no t in h ib i te d  by soybean try p s in  in h ib i to r ,  w hile plasm in 

e s te ra se  a c t iv i ty  was com pletely suppressed by th e  presence o f  the 

in h ib i to r  in  the re a c tio n  m ixture (8 7 ). The a b i l i t y  o f the a c t iv a to r  

to  hydrolyze e s te r s  i s  no t u n iv e rsa lly  accepted s in ce  i t  has been 

re c e n tly  rep o rted  th a t  s tre p to k in a se -a c tiv a te d  e s te ra s e  a c t iv i ty  i s  

independent o f the  a c t iv a to r  t i t e r  and depends only on the f ib r in o 

l y t i c  t i t e r  o f  plasm in i t s e l f  (122).

Aside from th e  confusion about th e  f ib r in o ly t ic  component g iv ing  

e s te ra se  a c t iv i ty  in  a c tiv a te d  plasminogen p re p a ra tio n s , th e  a b i l i t y  

o f o th e r  enzymes such as try p s in  (6 6 ), thrombin ( 123 ) , and thrombo- 

kinase (124) to  hydrolyze the above-mentioned e s te r s  suggests th a t  th e  

e s te r o ly t ic  assays be lim ite d  to  w e ll-p u r if ie d  sources o f plasminogen 

sin ce  the  presence o f  these  o th e r  p ro te o ly t ic  enzymes in  th e  rea c tio n  

m ixtures w il l  confuse r e s u l t s .
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in  v a ry in g  am ounts, i t  was concluded t h a t  up to  f i f t e e n  p e rc e n t v a r ia 

t io n  i n  r e s u l t s  have been observed  w ith  v a r io u s  c a s e in  p r e p a ra t io n s  

u sed  i n  th e  a s s a y .

A lthough c a s e in  d ig e s t io n  was th o u g h t to  be  e x c lu s iv e ly  due to  

p la sm in  a c t i v i t y  in  a ssay s  o f  th e  human f i b r i n o l y t i c  system , i t  has 

r e c e n t ly  been re p o r te d  t h a t  th e  a c t iv a to r  form ed by th e  p re se n c e  o f  

s t r e p to k in a s e  a ls o  has c a s e in o ly t ic  a c t i v i t y  (8 7 ) .  I f  t h i s  o b se rv a 

t i o n  i s  c o r r e c t ,  then  c a s e in o ly t ic  methods m easure th e  cum ulative  

a c t i v i t y  o f  p la sm in  and th e  a c t i v a t o r 's  p r o te o ly t ic  a c t i v i t y  i n  a l l  

th e  a s sa y s  p re v io u s ly  th o u g h t to  m easure p lasm in  a c t i v i t y  a lo n e . More 

in fo rm a tio n  on th e  p r o p e r t ie s  o f  th e  a c t i v a to r  form ed by th e  a d d i t io n  

o f  s t r e p to k in a s e  i s  re q u ire d  b e fo re  d e f i n i t e  co n c lu s io n s  can be made 

co n cern in g  th e  c a se in  a s s a y s .

3 . S y n th e tic  e s t e r s  as s u b s t r a t e s . The e s t e r s  most w idely  used  

to  m easure th e  e s te r a s e  p r o p e r t ie s  o f  th e  f i b r i n o l y t i c  components a re  

th e  m ethyl e s t e r  o f  ly s in e  (LME) (118) and th e  m ethyl e s t e r  o f  p -  

to lu e n e  s u lfo n y l a rg in in e  (TAME) (1 1 9 ) . The e x te n t  to  which th e se  

e s t e r s  have been  hyd ro ly zed  a f t e r  th e  in c u b a tio n  p e r io d  o f  th e  a ssay  

has been v a r io u s ly  m easured; i . e . ,  th e  t i t r a t i o n  o f  th e  r e le a s e d  a c id  

( 6 0 ) ,  sp e c tro p h o to m e tr ie  m easuranent o f  a d e r iv a t iv e  o f  th e  r e le a s e d  

a c id  (120) „ and th e  sp e c tro p h o to m e tric  m easurem ent o f  th e  hydroxam ic 

a c id  d e r iv a t iv e  o f  th e  non -hydro lyzed  e s t e r  (1 1 9 ).

I t  has been re p o r te d  t h a t  p lasm in  h y d ro ly zes  b o th  LME and TAME, 

w h ile  a c t i v a to r  (form ed in  th e  p re se n ce  o f  s tr e p to k in a s e )  h y d ro ly zes
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index  o f  f i b r i n o l y t i c  a c t i v i t y  o f  th e  t e s t  s o lu t io n . In  a m o d if ic a tio n  

o f  th e  f i b r i n  d o t  p ro ced u re , la y e r s  o f  f i b r i n  a re  formed in  p e t r i  

d ish e s  r e s u l t in g  in  " f ib r in  p la te s "  (**7,129), The volume o f  f i b r i n  

ly s e d  by a t e s t  s o lu t io n  p la ced  on i t s  su rfa c e  in  a tw en ty -fo u r to  

f o r ty - e ig h t  hour in c u b a tio n  p e r io d  i s  th e  m easure o f  th e  s o lu t io n 's  

f i b r i n o l y t i c  a c t i v i t y .  H eating  bovine f i b r i n  p la te s  a t  80°C. f o r  

f i f t e e n  m inutes ren d ered  a l l  endogenous plasm inogen in a c t iv e .  The 

p lasm in  a c t i v i t y  on ly  would be m easured in  any s o lu t io n  t e s te d  w ith  

th e se  h e a te d  p la te s  s in c e  th e  a c t iv a to r  in  th e se  s o lu t io n s  would have 

no u sab le  plasm inogen to  co n v e rt to  p lasm in  (1 3 0 ), This o b se rv a tio n  

was supported, by a n o th e r  s tu d y  in  which h e a tin g  human f i b r i n  to  80°C, 

f o r  te n  m inutes d es tro y ed  a l l  th e  endogenous plasm inogen. T h ir ty  

m inutes a t  t h i s  tem p era tu re , however, had no e f f e c t  on endogenous 

p r o a c t iv a to r  (1 2 8 ). A l im i ta t io n  in  th e  u t i l i z a t i o n  o f  h e a te d  f i b r i n  

p la te s  i n  p lasm in  assay s  was p o in te d  o u t by th e  dem onstra tion  o f  r e 

duced s e n s i t i v i t y  to  l y s i s  by p lasm in  on h e a te d  f i b r i n  p la t e s  as 

compared to  unheated  f i b r i n  p la te s  (6 0 ) . This o b se rv a tio n  im p lie s  

th a t  a p h y s ic a l  change o ccu rred  in  th e  h ea ted  f i b r i n  a l t e r i n g  i t s  

s u b s t ra te  c h a r a c te r i s t i c s .

F ib r in  c lo ts  p rep a red  from 1^^ - l a b e l e d  f ib r in o g e n  a re  th e  sub

s t r a t e s  i n  r e c e n tly  d e sc r ib e d  c l o t  l y s i s  a ssay s  (60 ,133.). The ra d io 

a c t i v i t y  re le a s e d  in to  th e  aqueous phase i s  a  m easure o f  f i b r i n o l y t i c  

a c t i v i t y  o f  th e  t e s t  s o lu t io n s .  Assays based  on th e  In h e re n t 

f lu o re sc e n c e  o f  f i b r i n o l y t i c  p ro d u c ts  from f i b r i n  c lo t s  ( 1 32 ) as  w e ll
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I n  c o n c lu s io n  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  i n  a t e s t  o f  s e v e ra l  

p lasm in o g en  p r e p a r a t io n s  th e  r a t i o s  o f  c a s e in  to  e s t e r  h y d r o ly t ic  

a c t i v i t y  w ere n o t c o n s ta n t  ( 1 2 5 ) .  The same la c k  o f  c o r r e l a t io n  was 

o b se rv e d  when f i b r i n o l y t i c  and e s t e r o l y t i c  a c t i v i t i e s  o f  s t r e p to k in a s e -  

t r e a t e d  p lasm inogen  p r e p a r a t io n s  were com pared ( 1 2 6 ) .

if. F ib r in  a3 th e  s u b s t r a t e . The m a jo r i ty  o f  th e  m ethods in  

w hich f i b r i n  i s  th e  s u b s t r a t e  a r e  b ased  on p refo rm ed  d o t  d i s s o lu t io n  

a s  a m easure o f  p la sm in  a c t i v i t y .  T hrom bin-induced d o t s  o f  whole 

p lasm a have been u sed  f o r  th e  e s t im a t io n  o f  t o t a l  f i b r i n o l y t i c  ac 

t i v i t y  o f  t e s t  s o lu t io n s  (if2 t 1 2 7 ) . The volume o f  d o t  d is s o lv e d  a f t e r  

a  g iv en  in c u b a t io n  p e r io d  w ith  th e  t e s t  s o lu t io n  i s  th e  m easure o f  

f i b r i n o l y t i c  a c t i v i t y .  I t  i s  g e n e ra l ly  a g re e d  t h a t  th e  l y t i c  a c 

t i v i t y  o f  th e  t e s t  s o lu t io n  i s  due to  i t s  a c t i v a t o r  a c t i v i t y  which 

tr a n s fo rm s  th e  p lasm inogen  w ith in  th e  d o t  to  p la sm in  w hich i n  tu r n  

c a u ses  l y s i s .  An ad v an tag e  o f  u s in g  th e  p lasm a d o t  i s  t h a t  i t  i s  a 

m easure o f  o v e r - a l l  f i b r i n o l y t i c  a c t i v i t y  in  th e  p re s e n c e  o f  n a tu r a l  

i n h i b i t o r s .

F ib r in  d o t s  have  a l s o  been  u sed  w ith  s a t i s f a c t o r y  r e s u l t s  ( 5U-. 

128) • The f i b r i n o l y t i c  a c t i v i t y  o f  t e s t  s o lu t io n s  u s in g  f i b r i n  c l o t s  

a s  s u b s t r a t e  was due p r im a r i ly  to  th e  a c t i v a t o r  i n  th e s e  s o lu t io n s  

(w ith  p la sm in  form ed from  th e  endogenous p lasm inogen  in  th e  f i b r i n  

c l o t s ) .  In  a l l  th e  f i b r i n  m ethods e i t h e r  th e  volume o f  d o t  d is s o lv e d  

i n  a g iv en  tim e  o r  th e  tim e  r e q u ir e d  f o r  com plete  d i s s o lu t io n  was th e
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a lso  e a s i ly  prepared  from conm ercially  a v a ila b le  s a l t s  o f  th ese  amino 

ac id  e s te r s  and a re  r e la t iv e ly  very s ta b le .  The prim ary advantage o f 

using  f ib r in  as the  su b s tra te  in  assays o f  th e  human f ib r in o ly t i c  

system i s  re a d ily  apparen t s in ce  f ib r in  i s  the  n a tu ra l  p h y s io lo g ica l 

su b s tra te  fo r  p lasm in. This advantage seems o v e r-r id in g  to  those 

d iscussed  above fo r  those assays using a su b s tra te  o th e r  than f i b r i n  

s in ce  many v a l id  ana log ies can be made from in  v i t r o  la b o ra to ry  

measurements o f f ib r in o ly t ic  a c t iv i ty  to  th i s  a c t iv i ty  p re se n t in  the 

human in tra v a s c u la r  system .

From th e  above d iscu ss io n  concerning the in d iv id u a l ch a ra c te r

i s t i c s  o f  th e  a v a ila b le  assays o f  human f ib r in o ly t ic  a c t iv i ty ,  i t  i s  

concluded th a t  a v i t a l  need s t i l l  e x is ts  fo r  a sim ple, s p e c if ic  and 

rep roducib le  assay  o f plasm in and a c t iv a to r  a c t iv i ty .  An id e a l  assay  

system would be one in  which a l l  o f  th e  u n d esirab le  fe a tu re s  o f  th e  

p rev io u sly  av a ila b le  assays were e lim ina ted  and in  which many o f the  

d e s ira b le  asp ec ts  o f  th ese  assays have been in co rp o ra ted .
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as th e  f lu o re s c e n c e  r e le a s e d  from  f lu o r e s c e in - t r e a t e d  f i b r i n  d o t *

(133) h a re  a ls o  been re p o rted *  The r e le a s e  o f  hem oglobin  from d o t s  

p re p a re d  i n  hem oglobin  s o lu t io n s  i s  a l s o  an in d e x  o f  f i b r i n o l y t i c  

a c t i v i t y  ( 9 0 ) .

I t  i s  g e n e ra l ly  a c c e p te d  t h a t  th e  amount o f  f i b r i n o l y s i s  o f  p r e 

form ed f i b r i n  c l o t s  i s  d i r e c t l y  r e l a t e d  to  th e  c l o t  s u r fa c e ;  i t  is*  

th e r e f o r e ,  e s s e n t i a l  to  keep d o t s  a s  u n ifo rm  a s  p o s s ib le *  With d o t  

l y s i s  p ro c e d u re s  i t  i s  conc lu d ed  t h a t  th e  e x te n t  o f  f i b r i n o l y s i s  i s  n o t 

o n ly  d ep en d en t upon p la sm in  o r  a c t i v a t o r  c o n c e n tr a t io n s ,  b u t a l s o  upon 

th e  s u r fa c e  a re a  o f  th e  c l o t  exposed to  th e  t e s t  s o lu t io n .

The g e n e ra l  ty p e s  o f  a s s a y s  em ployed i n  s tu d y in g  th e  human 

f i b r i n o l y t i c  system  have been  c l a s s i f i e d  and  d is c u s s e d  in  th e  p r e 

ce d in g  p a ra g ra p h s  a c c o rd in g  to  th e  s u b s t r a t e  u se d . Each s u b s t r a t e ,  

a s  p r e v io u s ly  m en tioned , h as  in d iv id u a l  p r o p e r t i e s  w hich te n d  to  l i m i t  

th e  a p p l i c a b i l i t y  and ac c u ra c y  o f  th e  a s s a y  sy s to n  i n  w hich I t  i s  

u t i l i z e d .  Hot m en tioned , how ever, were th e  ad v a n tag e s  t h a t  a s s a y  

sy stem s u s in g  a p a r t i c u l a r  s u b s t r a te  may have o v e r  a s sa y s  in  which 

a n o th e r  s u b s t r a t e  i s  u se d . The c a s e in o ly t i c  p ro c e d u re s  have a s  t h e i r  

p r im a ry  ad v an tag e  a  s im p le  and co n v e n ien t m ethod to  co m p le te ly  s to p  

th e  p r o t e o l y t i c  r e a c t io n  and  to  e s t im a te  th e  e x te n t  o f  s u b s t r a te  

h y d ro ly s is  by sp e c tro p h o  tome t r i e  m easurem ent o f  a c id - s o lu b le  p ro te o 

l y t i c  p r o d u c ts .  I n  th e  a s sa y s  in  w hich s y n th e t ic  e s t e r s  a r e  th e  

s u b s t r a t e s  th e  m ain ad v an tag e  i s  s u b s t r a t e  hom ogeneity . The s to c k  

s o lu t io n s  o f  any o f  th e  e s t e r s  s u s c e p t ib le  to  p la sm in  a c t i v i t y  a r e
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L a b o ra to r ie s , P ea rl R iver, Sew Y ork), These so lu tio n s  were s to re d  

fro sen  (maximum sto rag e  time o f th re e  weeks) u n t i l  j u s t  befo re  u se .

2 . P u r if ie d  u rin e  a c t iv a to r  (u ro k in a se ) . Urine samples l e s s  

than  fo u r  hours o ld  (su p p lie d  by the C lin ic a l  L aborato ry , Department 

o f  Patho logy , U n iv e rs ity  H o sp ita l)  were combined and a t o t a l  o f  1500 ml 

was used as th e  s t a r t in g  m a te r ia l .  The fo llow ing  m o d if ic a tio n  o f  th e  

Sgouris p u r i f i c a t io n  method (30) was used .

The u rin e  was a d ju s te d  to  pH 8 w ith  1 N sodium hydroxide and 

cooled to  0° C. A f te r  th re e  hours a t  t h i s  tem perature th e  su p e rn a tan t 

was decanted and th e  p r e c ip i ta te  d isca rd ed . The pH o f the su p e rn a ta n t 

was then ad ju s te d  to  ^ .5  w ith  1 N h y d ro ch lo ric  a c id . The so lu t io n  was 

s to re d  a t  5° C. o v e rn ig h t, a f t e r  which th e  d e a r  su p e rn a tan t was r e 

moved by a s p ira t io n  and d isca rd ed  and th e  p r e c ip i ta te  was recovered  

by c e n tr ifu g a tio n  a t  0° C. and 2,000 X g f o r  one h ou r. The p r e c ip i t a t e  

was then  d isso lv ed  in  75 ml d i s t i l l e d  w a te r. The s o lu tio n  was made 

a lk a l in e  (pH 8 .5  -  0 .1 ) w ith  1 N sodium hydroxide and mixed w ith  

1 .5  grams o f f r e s h ly  p repared  barium s u l f a te  (o b ta in ed  by r e p r e c ip i ta 

t io n  o f  barium s u l f a te  by d i lu t io n  o f  a co n cen tra ted  su lp h u ric  a c id  

so lu tio n  in  which a s a tu ra t in g  amount o f  barium s u l f a te  was d is s o lv e d ) . 

The m ixture was s t i r r e d  f o r  t h i r t y  m inutes w ith  a m agnetic s t i r r e r .

The barium s u lf a te  w ith  adsorbed m a te r ia ls  was recovered  by c e n tr ifu g a 

t io n  a t  1500 I  g and c f  C. f o r  t h i r t y  m in u tes . The p r e c ip i ta te  was 

e lu te d  tw ice w ith  2 p e rce n t sodium c i t r a t e .  The sodium c i t r a t e  was 

then  t r e a te d  w ith  2 p e rc e n t barium  c h lo rid e  w ith  a d d itio n  o f 1 .5  m oles



I H .  EQUIPMENT AND REAGENTS

A. Hquipment U t i l i z e d

A D ubnoff M e tab o lic  Shaking In c u b a to r  s e t  a t  37° C* and equ ipped  

w ith  an  i n s e r t  to b o ld  n in e  25 ml E rlenm eyer f l a s k s  was u sed  to  shake 

th e  r e a c t io n  m ix tu re s  (100 t i n e s  p e r  M inute) d u r in g  th e  in c u b a tio n  

p e r io d .

The sp e c tro p  ho tome t r i e  m easurem ents w ere p e rfo ra ted  in  s ta n d a rd  

1 .0  e l  m atched q u a r tz  c u v e t te s  in  a  Beckman DU sp e c tro p h o to m e te r  

eq u ipped  w ith  an o p t i c a l  d e n s i ty  c o n v e r te r ,  c u v e t te  p o s i t io n e r  and 

ab so rb an ce  I n d ic a to r  (M odels 200, 210 and 220 r e s p e c t iv e ly ,  manu

f a c tu r e d  by th e  Oil ford In s tru m e n t L a b o r a to r ie s ,  I n c . , C b e r l in , O h io )• 

The m anual c u v e t te  s e l e c t io n  p ro c e d u re  f o r  m easurem ent o f  ab so rb an ce  

o f  in d iv id u a l  sam ples was u se d .

An I n t e r n a t i o n a l  R e f r ig e ra te d  C e n tr ifu g e , Model PR-1, was u sed  

f o r  a l l  c e n t r i f u g a t io n s .

A ll g la ssw are  was washed w ith  l a b o r a to r y  d e te r g e n t  fo llo w ed  by 

th re e  r in s e s  w ith  d i s t i l l e d  w a te r  and d r ie d  i n  an  oven a t  150° C.

B. Source and P re p a ra t io n  o f  A c t iv a to r s

1 .  S t r e p to k in a s e . A s o lu t io n  c o n ta in in g  h ,000 C h r is te n se n  u n i t s  

p e r  ml p h o sp h a te  b u f f e r  ( I te m  1 u n d er M isce llan e o u s  R eagen ts) was p r e 

p a re d  from  v i a l s  o f  s t r e p to k in a s e - s t r e p to d o m a s e  "V arid ase"  (L e d e r le
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o f  barium  c h lo r id e  f o r  each  mole o f  sodium c i t r a t e  added . The p r e c i p i 

t a t e d  barium  c i t r a t e  was d is c a rd e d  a f t e r  c e n t r i f u g a t io n  a t  CP C. and 

1500 I  g f o r  t h i r t y  m in u te s . The c l e a r  s u p e rn a ta n t  was a d ju s te d  to  

pH h .5  w ith  1 N h y d ro c h lo r ic  a c id  and enough e th a n o l (9 5  p e rc e n t)  was 

added to  o b ta in  a 20 p e r c e n t  ( v /v )  a l c o h o l ic  c o n c e n tr a t io n .  The 

te m p e ra tu re  was m a in ta in e d  a t  CP C. d u r in g  and a f t e r  e th a n o l a d d i t io n .  

A f te r  t h i r t y  m in u tes  a t  t h i s  te m p e ra tu re , th e  r e s u l t i n g  c loudy  s o lu 

t io n  was c e n tr i fu g e d  a t  1500 X g and 0° C. f o r  one h o u r . The p r e c i p i 

t a t e  was r e d is s o lv e d  i n  30 ml p h o sp h a te  b u f f e r .  A liq u o ts  o f  th e  

p u r i f i e d  u r in e  a c t i v a t o r  s o lu t io n  w ere p u t  in  s e p a r a te  v i a l s  and 

s to r e d  f r o  sen  u n t i l  j u s t  b e fo re  u se  (maximum s to r a g e  tim e o f  s ix  

w eek s). Each ml o f  th e  s o lu t io n  r e p re s e n te d  50 ml o f  th e  I n i t i a l  

s t a r t i n g  m a te r i a l .

C. P r e p a r a t io n  o f  S u b s tr a te s

1 .  Bovine f i b r i n  su sp e n s io n  (B PS). A known am ount o f  p u r i f i e d ,  

w ashed b o v in e  f i b r i n  (Mann R esearch  L a b o r a to r ie s ,  New f o r k .  New York) 

was ground to  a  f i n e  pow der w ith  a  m o r ta r  and p e s t l e  and suspended  in  

1 p e r c e n t  Tween 20 p h o sp h a te  b u f f e r  ( Item  2 u n d er M isce llan eo u s  

R eagen ts) u s in g  20 ml f o r  each  grm aof f i b r i n .  A f te r  th e  c o u rse  su s 

p e n s io n  was k e p t a t  5° 0 . o v e rn ig h t ,  i t  was ground i n  a l a r g e  P o t t e r -  

ELvehjem ty p e  t i s s u e  g r in d e r  u n t i l  i t  p a s s e d  th ro u g h  th e  g r in d e r  

w ith o u t d i f f i c u l t y .  The f in e  su sp e n s io n  was th e n  t r a n s f e r r e d  to  a 

c e n t r i f u g e  b o t t l e  and  c e n tr i fu g e d  a t  1500 X g and 5° C. f o r  t h i r t y
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m in u te s . The sed im en t was th o ro u g h ly  resu sp en d ed  in  0 .1  p e r c e n t  Tween 

20 p h o sp h a te  b u f fe r  (Item  3 u n d er M isce llan eo u s R eagen ts) a g a in  u s in g  

ab o u t 20 ml f o r  each  gram o f  f i b r i n .

The c o n c e n tra t io n  o f  f i b r i n  i n  th e  washed f i b r i n  su sp e n s io n  was 

o b ta in e d  g r a v lm e tr ic a l ly • A 2 .0  ml a l iq u o t  was f i l t e r e d  th ro u g h  a 

sm a ll, w ashed, a i r  d r ie d ,  and p re-w eighed  f i l t e r  p a p e r  and washed w ith  

ab o u t 20 ml d i s t i l l ed  w a te r . The f i l t e r  p ap e r was a i r  d r ie d  to  a  con

s t a n t  w e ig h t and th e  w eigh t o f  th e  f i b r i n  in  th e  a l iq u o t  was found a s  

th e  d i f f e re n c e  o f  th e  two w e ig h in g s . The su sp en sio n  was th en  a d ju s te d  

to  c o n ta in  3*0 grams o f  f i b r i n  p e r  100 ml o f  su sp e n s io n . I t  was im

p o r ta n t  t h a t  su sp en s io n s  be washed by c e n tr i f u g a t io n  and re su sp e n s io n  

in  eq u a l amounts o f  f r e s h  0 .1  p e r c e n t  Tween 20 p h o sp h a te  b u f f e r  a t  

l e a s t  tw ic e  b e fo re  u se  s in c e  f a i l u r e  to  do so o c c a s io n a l ly  l e d  to  h ig h  

s u b s t r a te  b la n k s .

The r a t e  a t  which th e  su sp en sio n  s e t t l e d  v a r ie d  somewhat w ith  

each p r e p a ra t io n ;  how ever, no d i f f i c u l t y  was en co u n te red  i n  o b ta in in g  

a c c u ra te  a l iq u o ts  i f  each p ip e t t in g  was p reced ed  by tho rough  m ix ing  

o f  th e  su sp e n s io n . The su sp en sio n  was f ro z e n  and s to r e d  u n t i l  j u s t  

b e fo re  u se  ( maximum s to ra g e  o f  s ix  w eeks). There was no a p p a re n t 

e f f e c t  o f  th e  f r e e  s in g  and s to ra g e  on a c t i v i t y  when com parison was 

made w ith  n o n -fro se n  f r e s h ly  p re p a re d  su sp e n s io n s .

2 . L ysine e x t r a c te d  b o v in e  f i b r i n  su sp en s io n s  (LSF5). I n  an 

a tte m p t to  remove endogenous bov ine plasm inogen from th e  bovine f i b r i n
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o f  P h y sica l Chemistry R elated  to  Medicine and P u b lic  H ea lth , Harvard 

U n iv e rs ity , Boston 15, M assachusetts) was p rep a red . The s o lu t io n  was 

s to re d  f ro  sen (maximum s to rag e  tim e o f  tw> weeks) u n t i l  j u s t  b e fo re  

u se ,

2 . Plasm a. S ix teen  whole blood m ixtures (3 m g/al potassium  

o x a la te  a s  a n tic o a g u la n t) , co n ta in in g  ten  to  f i f t e e n  combined in d iv id 

u a l specimens f o r  each m ix tu re , were p rep ared  from specimens su p p lied  

by th e  C lin ic a l  Chemistry L aborato ry , Department o f  Pathology, U niver

s i t y  H o sp ita l. A ll in d iv id u a l specimens were p rocessed  l e s s  than  

th re e  hours a f t e r  the v en ip u n c tu re . These whole b lood m ix tu res were 

ce n tr ifu g e d  a t  1500 2 g and 5° C. f o r  t h i r t y  m inu tes. The plasma was 

removed from each c e n tr ifu g e d  blood m ixture and s to re d  f ro  sen u n t i l  

used (maximum sto rag e  time o f  two w eeks).

3 . B uglobulin . S ix teen  plasma specimens o b ta in ed  by the  p ro 

cedure d esc rib ed  above, were p ro cessed  to  give eu g lo b u lin  p r e c ip i ta te s  

accord ing  to  th e  method o f  Kowalski (^5)* The procedure i s  e s s e n t ia l ly  

th e  eu g lo b u lin  p r e c ip i ta t io n  a f t e r  s ix ty  m inutes a t  5° C* from a 1 to  

10 d i lu t io n  o f  plasm a a c id i f ie d  w ith  10 p e rce n t a c e t ic  a c id  to  pH 5-3-

A fte r  th e  eu g lo b u lin  p r e c ip i ta te s  were recovered  by c e n tr ifu g a 

t io n ,  th e y  were d isso lv ed  w ith  phosphate b u f fe r  to  a  t o t a l  volume 

eq u iv a le n t to  th e  volume o f  plasm a o r ig in a l ly  used in  t h e i r  p rep a ra 

t io n .  The eug lobu lin  s o lu t io n s  were s to re d  fro zen  (maximum s to ra g e  

tim e o f one week) u n t i l  j u s t  b e fo re  u se .
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su sp e n s io n  d e s c r ib e d  above, a  l y s i n e  e x t r a c t io n  p ro c e d u re , s u c c e s s fu l  

w ith  human f ib r in o g e n  (1 0 7 ,1 0 8 ) , was a d a p te d  f o r  u se  w ith  th e  f i b r i n  

p r e p a r a t io n .

A known amount o f  th e  3 p e r c e n t  b o v in e  f i b r i n  su sp e n s io n  (BFS) 

maximum o f  6 .0  ml was p la c e d  i n  a g ra d u a te d  50 ml c e n t r i f u g e  tu b e  and 

c e n tr i f u g e d  a t  2 ,000  X g and  5° C. f o r  tw en ty  m in u te s . To th e  r e s id u e  

was added 7 ,5  o f  0 ,1  K l y s i n e  s o lu t io n  ( I te m  4  u n d er M isce llan e o u s  

R eag en ts) f o r  each  ml o f  o r i g i n a l  f i b r i n  su sp e n s io n . The sed im en t was 

th o ro u g h ly  resu sp en d ed  m a in ta in in g  th e  tu b e  a t  cP C. F re q u e n t m ix ing  

o f  th e  su sp e n s io n  by  tu b e  in v e r s io n  a t  th e  above te m p e ra tu re  was p e r 

form ed f o r  t h i r t y  m in u te s . F o llow ing  c e n t r i f u g a t io n  a t  2 ,000  2  g a t  

Cfi C. f o r  tw en ty  m in u te s , th e  r e s u l t i n g  s u p e rn a ta n t  was d is c a rd e d .  The 

l y s i n e  e x t r a c t io n  p ro c ed u re  was th e n  re p e a te d  u s in g  a  f r e s h  amount o f

0 .1  M l y s i n e .

The tw ice  l y s i n e - e x t r a c t e d  f i b r i n ,  o b ta in e d  a s  th e  sed im en t 

a f t e r  th e  l a s t  c e n t r i f u g a t io n ,  was washed w ith  0 .1  p e r c e n t  Tween 20 

p h o sp h a te  b u f f e r  by r e  su sp e n s io n  i n  th e  b u f f e r  and  c e n t r i f u g a t io n .

The w ash ing  p ro ce d u re  was r e p e a te d .  The f i n a l  sed im en t was th e n  r e 

suspended  i n  a  volume o f  0 .1  p e r c e n t  Tween 20 p h o sp h a te  b u f f e r  n eces

s a ry  to  b r in g  th e  t o t a l  volume o f  th e  su sp e n s io n  to  i t s  o r i g i n a l  v a lu e .

D. P r e p a r a t io n  o f  Human F i b r i n o ly t i c  Components

1 .  P lasm a f r a c t i o n  I I I - 3 . A s to c k  s o lu t io n  c o n ta in in g  1 .0  mg/

1 ml p h o sp h a te  b u f f e r  o f  th e  f r a c t i o n  ( from  th e  U n iv e r s i ty  L a b o ra to ry



IV . STANDARD PROCEDURES

A. Hie S tandard  Assay

A s e r ie s  (maximum o f  n in e ) o f  a c id  washed 20 ml E rlenm eyer f la s k s  

c o n ta in in g  1 .0  ml a l iq u o ts  o f  th e  3 .0  p e rc e n t  bov ine f i b r i n  su sp en sio n  

(BFS o r  LEFS) were p la c e d  in  th e  Dubnoff in c u b a to r  ( a t  37° C .) .  A f te r  

te n  m inu tes o f  shak ing  1 .0  ml sam ples o f  t e s t  so lu tio n s*  were added to  

f la s k s  a t  one m inute i n t e r v a l s .  In c lu d e d  in  th±3 s e r ie s  were n e c e ssa ry  

b la n k s . U su a lly  o n ly  a b lan k  c o n s is t in g  o f  p hospha te  b u f f e r  a s  th e  

t e s t  s o lu t io n  was re q u ire d , ex c ep t when t e s t i n g  co n c e n tra te d  plasm a 

s o lu t io n s  in  which ca se  a b la n k  o f  th e  plasm a d i lu t io n  used  was a ls o  

n e c e s s a ry . A d d itio n s  were made w ith o u t in te r r u p t io n  o f  th e  sh ak in g .

The f la s k s  were th en  s to p p e re d  and th e  shak ing  co n tin u ed  f o r  e x a c t ly  

s ix ty  m in u tes  from th e  tim e th a t  th e  f i r s t  t e s t  s o lu t io n  was added.

W ith th e  sh ak in g  m a in ta in ed , 2 .0  ml o f  10 p e rc e n t  t r i c h l o r a c e t i c  a d d  

was added a t  one m inute i n t e r v a l s  i n  th e  same o rd e r  o f  a d d i t io n  as  t h a t  

o f  th e  t e s t  s o lu t io n s  so t h a t  an e x a c t s ix ty  m inute i n t e r v a l  was ob

ta in e d  f o r  each f l a s k .  A fte r  th e  sh ak in g  was co n tin u ed  f o r  a n o th e r  

f i f t e e n  m in u tes , th e  f l a s k  c o n te n ts  were t r a n s f e r r e d  to  15  ml cen

t r i f u g e  tu b e s .  The tu b e s  were k e p t a t  l e a s t  two h o u rs  ( p re fe ra b ly  

o v e rn ig h t)  a t  5° C. and th e n  c e n tr ifu g e d  a t  2 ,000 X g and a t  2^° C.

*A t e s t  s o lu t io n  i s  d e f in e d  a s  a  s o lu t io n  to  be a ssay ed  c o n ta in 
in g  any o r  a l l  o f  th e  fo llo w in g  e n t i t i e s !  p r o a c t iv a to r ,  a c t iv a to r ,  
p lasm inogen and p la sm in .
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E. M isce llan eo u s R eagents

1 .  P hosphate  b u f f e r . (0 .1  M, pH 7 .^ )  This b u f f e r ,  p rep a re d  

from th e  dlsodium  and monopotassium s a l t s  by th e  U n iv e r s i ty  L ab o ra to ry  

S to re s ,  was th e  o n ly  b u f f e r  used  as  d i lu e n t  in  th e  e n t i r e  s tu d y ,

2 . 1 p e rc e n t Tween 20 p hospha te  b u f f e r . Tween 20 (Mann Re

se a rc h  L a b o ra to r ie s ,  New fo rk . New Tork) was added to  p h o sp h a te  b u f f e r  

to  g iv e  th e  c o n c e n tra t io n  in d ic a te d  ( v /v ) .

3 . 0 .1  p e rc e n t Tween 20 phosphate  b u f f e r . Tween 20 was added 

to  phosphate  b u f f e r  to  g ive th e  c o n c e n tra t io n  in d ic a te d .

h . 0 .1  M l y s i n e . An aqueous s o lu t io n  p re p a re d  from D ,L -ly s in e  

h y d ro c h lo r id e  and a d j i s t e d  to  pH 7*0, w ith  1 N NaCH.

5. 10 p e rc e n t t r i c h l o r a c e t i c  a c id . An aqueous s o lu t io n  p re 

p a re d  from th e  c r y s t a l s  o f  th e  a c id  (w /v ) .

6 . R eagents f o r  u r in e  a c t i v a to r  p u r i f i c a t i o n . 1 N sodium 

h y d ro x id e , 1 N h y d ro c h lo r ic  a c id ,  barium  3 u l f a te ,  c o n c e n tra te d  s u l 

p h u r ic  a c id ,  2 p e rc e n t sodium c i t r a t e  (w /v ), 2 p e rc e n t barium  c h lo r id e  

(w /v) and e th a n o l (95  p e r c e n t ) .



2 . P r e a c t iv a te d  p lasm a f r a c t i o n  H I - 3  (PPF) „ The s t r e p to k in a s e  

p r e a c t i v a t i o n  p ro c e d u re  d e s c r ib e d  above f o r  p lasm a and  e u g lo b u l in  was 

a l s o  u se d  f o r  th e  h ig h e r  c o n c e n tr a t io n s  o f  f r a c t i o n  I I I - 3  u t i l i s e d  i n  

s ta n d a rd  a s s a y s  i n  some o f  th e  l a t e r  ex p e rim en ts*

3 . Z e ro -til* A »<*tW a te d  p lasm a f r a c t i o n  H I - 3  (ZTPF)* F r a c t io n  

I I I -3  s o lu t io n s  w ere a c t i v a t e d  a t  th e  b e g in n in g  o f  t h e  s i x t y  m in u te  

in c u b a t io n  p e r io d  o f  th e  s ta n d a r d  a s s a y  by a d d in g  0 .5  ml o f  a f r a c 

t i o n  X II -3  d i l u t i o n  t o  th e  f i b r i n  su sp e n s io n  fo llo w e d  im m e d ia te ly  

w ith  0 .5  ml o f  th e  s t r e p to k in a s e  s o lu t io n .  The r e a c t io n  m ix tu re  th u s  

had  a  c o n c e n tr a t io n  o f  500 C h r is te n s e n  u n i t s  p e r  m l.

D. A ssay o f  Components A dsorbed on F ib r in

I n  o r d e r  to  t e s t  th e  te n d e n cy  o f  th e  v a r io u s  f i b r i n o l y t i c  p r e 

p a r a t io n s  to  a d so rb  on th e  f i b r i n  s u s p e n s io n , th e  fo l lo w in g  p ro c e d u re  

was d e v is e d .  The s o lu t io n  to  b e  t e s t e d  f o r  a d s o rb a b le  com ponents and 

BFS w ere p la c e d  i n  e q u a l am ounts i n  a  f i f t e e n  ml c e n t r i f u g e  tu b e  a t  

(3° C. The c o n te n ts  o f  th e  tu b e  w ere f r e q u e n t ly  m ixed by  in v e r s io n  

d u r in g  a  t h i r t y  m in u te  p e r io d  a f t e r  w hich p h o sp h a te  b u f f e r  was added  

to  th e  15 ml mark a f t e r  c e n t r i f u g a t io n  a t  1500 X g a t  ( f  C. fo r  

f i f t e e n  m in u te s . The se d im en t was w ashed tw ic e  and  re su sp e n d e d  in  

15 ml o f  p h o sp h a te  b u f f e r .  A f te r  th e  l a s t  c e n t r i f u g a t io n ,  th e  f i b r i n  

w ith  a d s o rb e d  m a te r i a l  was ra su sp e n d e d  to  th e  o r i g i n a l  volum e i n  an  

am ount o f  0 .1  p e r c e n t  Tween 20 p h o sp h a te  b u f f e r .
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f o r  f i f t e e n  m in u te s , th e  s u p e rn a ta n t  was t r a n s f e r r e d  to  c u v e t te s  f o r  

o p t i c a l  d e n s i ty  m easurem ents a t  280 mu. A ll m easurem ents were made 

a g a in s t  a w a te r  b la n k .

B. The 3F U n it

An a r b i t r a r y  u n i t  c a l l e d  th e  3F (B ovine F ib r in )  u n i t  was e s t a 

b l i s h e d  to  en ab le  com parisons o f  a c t i v i t i e s  found in  th e  p lasm a and 

e u g lo b u lin  sam p les . The 3F u n i t  i s  d e f in e d  a s  th e  in c re a s e  i n  o p t i c a l  

d e n s i ty  o b ta in e d  i n  th e  a c id  e x t r a c t s  o f  th e  s ta n d a rd  a s s a y  w ith  1 ml 

o f  th e  u n d i lu te d  p lasm a o r  e u g lo b u lin  a s  th e  t e s t  s o lu t io n .  Thus i f  

a  1 to  1000 d i l u t i o n  o f  e u g lo b u lin  r e s u l t e d  in  an  o p t i c a l  d e n s i ty  .200 

g r e a te r  th an  t h a t  o f  th e  c o n t ro l ,  th e n  th e  a c t i v i t y  o f  th e  o r ig in a l  

e u g lo b u lin  was 1000 X .200 o r  200 BF u n i t s .

G. A c t iv a t io n  o f  T e s t S o lu tio n s

1 .  P r e a c t iv a te d  p lasm a an d  e u g lo b u lin * Plasm a and e u g lo b u lin  

p r e p a r a t io n s  were m ixed w ith  s t r e p to k in a s e  s o lu t io n  to  g iv e  2 ,000  

C h r is te n se n  u n i t s  p e r  ml o f  m ix tu re . The m ix tu re  was In c u b a te d  in  a 

w a te r  b a th  a t  37° C. f o r  f i f t e e n  m in u tes  p r i o r  to  i t s  u se  i n  th e  

s ta n d a rd  a s sa y  a s  th e  t e s t  s o lu t io n .  I n  an ex p e rim en t w here more 

th a n  one c o n c e n tr a t io n  o f  th e  same p lasm a o r  e u g lo b u lin  w ere to  be 

t e s t e d ,  th e  h ig h e s t  c o n c e n tr a t io n  r e q u ir e d  was prepaired  by  th e  p r e -  

a c t i v a t i o n  m ethod d e s c r ib e d  above and th e n  su b se q u en t d i l u t i o n s  o f  

t h i s  a c t i v a t e d  m ix tu re  w ere made to  p ro v id e  th e  d e s i r e d  c o n c e n tr a t io n s  

o f  p lasm a o r  e u g lo b u lin  f o r  th e  s ta n d a rd  a s s a y s .



V. EXPERIMENTS AND DISCUSSION OF RESULTS

A. P re lim in ary  S tu d ies

When s tre p to k in a se  alone was used as th e  t e s t  so lu tio n  in  s tan d 

ard  assays in  c o n c en tra tio n s  ranging from 200 to  1000 C hristensen  u n i ts ,  

no f ib r i n o ly t i c  a c t i v i t y  could be d e te c te d . This i s  in  agreem ent w ith  

p rev ious re p o r ts  th a t  s tre p to k in a se  has no f ib r i n o ly t i c  a c t i v i t y  o f  

i t s  own.

The e f f e c t  o f  Tween 20 in  th e  BFS p re p a ra tio n  was te s te d  by 

vary ing  i t s  co n cen tra tio n  in  th e  suspensions from zero to  1 .0  p e rce n t 

and then  perform ing  th e  s tan d ard  assay  w ith  th e se  f i b r i n  suspensions 

a s  s u b s t r a te s .  ZIFF s o lu tio n  (3 ug p e r  ml re a c tio n  m ix ture) was the  

t e s t  so lu t io n  fo r  each suspension . There was no s ig n i f ic a n t  d i f 

fe ren ce  in  f ib r in o ly t i c  a c t i v i t y  due to  th e  amount o f  Tween 20 p re s e n t .  

Because reag en t b lanks in c reased  in  o p t ic a l  d e n s ity  from .05 to  .15  

i t  was concluded th a t  Tween 20 absorbs l i g h t  a t  280 mu. I t  was a lso  

noted  th a t  w ith o u t Tween 20 in  th e  f i b r i n  suspension , th e  f i b r i n  had 

a g re a te r  tendency to  dum p.

I n  an o th er experim ent, s to re d  f i b r i n  suspensions were washed by 

c e n tr ifu g a tio n  and resuspension  in  0 .1  p e rce n t Tween 20 phosphate 

b u f fe r  from one to  e ig h t  tim es. These washed suspensions were then  

used in  s tan d ard  assay s u t i l i s i n g  a co n s tan t co n cen tra tio n  o f  ZTPF 

so lu tio n  (2 .5  ug p e r  ml re a c tio n  m ix ture) as th e  t e s t  s o lu t io n .

^3
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The s ta n d a rd  a s s a y  was th e n  perform ed w ith  th e  f i b r i n  su sp en sio n  

and any ad so rb a b le  p ro d u c ts  accompanying i t  a s  th e  s u b s t r a te ,  and w ith  

p h o sp h a te  b u f f e r  o r  s t r e p to k in a s e  s o lu t io n  ( i n  th e  case  where a c t iv a 

t io n  o f  th e  adso rbed  m a te r ia l  i s  d e s i r a b le )  s u b s t i t u t i n g  f o r  th e  t e s t  

s o lu t io n .

The c o n c e n tra t io n  o f  th e  o r ig in a l  s o lu t io n  t e s t e d  f o r  ad so rb ab le  

components was t r e a t e d  as  i f  i t  w ere th e  c o n c e n tra t io n  o f  a  t e s t  s o lu 

t i o n  in  a s ta n d a rd  a s sa y  i n  c a lc u la t in g  th e  amount o f  m a te r ia l  "made 

a v a i la b le "  f o r  a d s o rp tio n .

S. N om enclature

A summary o f  th e  o r ig in a l  a b b re v ia t io n s  u t i l i s e d  in  t h i s  s tu d y  

i s  g iven  below:

BFS -  Bovine F ib r in  Suspension

BF u n i t  -  A u n i t  o f  m easurem ent o f  s p e c i f i c  f i b r i n o l y t i c  
a c t i v i t y  o f  plasm a and e u g lo b u lin  sam ples

PPF -  P r e a c t iv a te d  Plasm a F ra c tio n  0 1 - 3

LEFS -  L y s in e -E x tra c te d  (B ovine) F ib r in  Suspension

ZTPF -  Zero-Time (A ctiva ted ) Plasma F raction  1 0 - 3 .
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No d e c re a s e  In  f i b r i n o l y t i c  re sp o n se  was o b se rv e d  due to  th e  re p e a te d  

w a sh in g s ,

B. R e p ro d u c ib i l i ty  o f  th e  S ta n d a rd  Assay

I n  o rd e r  to  d em o n s tra te  th e  e x te n t  o f  d e v ia t io n  o f  m u l t ip le  

d e te rm in a t io n s  u s in g  th e  s ta n d a rd  a s sa y  w ith  bov ine  f i b r i n  su sp e n s io n  

a s  th e  s u b s t r a t e ,  e ig h t  a s s a y s  were p erfo rm ed  f o r  each  o f  fo u r  ZTPF 

c o n c e n tr a t io n s  ( l , 2 , 3* and 5 ug p e r  ml r e a c t io n  m ix tu re ) .  T h is  

ex p e rim en t was a ls o  d e s ig n e d  to  d e te rm in e  th e  e f f e c t  o f  s u b s t r a te  

s to ra g e  on th e  s ta n d a rd  a s s a y . S ig h t  o f  th e  a s s a y s  f o r  each  concen

t r a t i o n  o f  ZTPF were p erfo rm ed  u s in g  b ov ine  f i b r i n  su sp e n s io n  s to r e d  

f ro z e n  f o r  s ix  weeks w h ile  th e  rem ain in g  e i g h t  were p erfo rm ed  u t i l i z i n g  

f r e s h ly  p re p a re d  b o v in e  f i b r i n  s u sp e n s io n .

The r e s u l t s  o f  th e s e  a s s a y s  a r e  g iv en  i n  T ab le  1 where th e  mean 

v a lu e  and mean d e v ia t io n  f o r  each  c o n c e n tra t io n  o f  t e s t  s o lu t io n  a r e  

a ls o  g iv e n . I t  i s  e v id e n t  t h a t  th e  s to r a g e  o f  th e  f i b r i n  su sp e n s io n  

h ad  no d e te c ta b le  e f f e c t  on i t s  u se  as  a  s u b s t r a te  i n  th e  a s s a y s .

Good r e p r o d u c ib i l i t y  i n  m u l t ip le  a s s a y s  i n  each  o f  th e  f o u r  concen

t r a t i o n s  was o b ta in e d .

C* A c tiv a t io n  o f  P lasm a F ra c t io n  I I I - 3

The c o n c e n tr a t io n  o f  s t r e p to k in a s e  g iv in g  maximum f i b r i n o l y t i c  

re sp o n se  from f r a c t i o n  I I I -3  o f  a  h ig h  c o n c e n tr a t io n  (8  ug  p e r  ml 

r e a c t io n  m ix tu re )  was d e te c te d  by  v a ry in g  th e  am ount o f  s t r e p to k in a s e
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T able 1

R e p ro d u d b i l l ty  o f  th e  S tandard  Assay and 
S to rage  S t a b i l i t y  o f  th e  S u b s tra te

F ra c tio n  I I I - 3 Bovine F ib r in A c tiv i ty Mean Mean
C o n cen tra tio n Suspension ( 0 .D ./6 0  m in .) A c tiv i ty Dev.

S to red .08?
.085
.095
.095

.095

.108

.110

.110

.099 t .0 0 8

1 ug p e r  ml 4_
re a c tio n  m ix tu re Fresh .091

.09*

.09*

.097

.107

.110

.112

.115

.103 -.0 0 9

S to red .181
.186
.191
.201

.203

.205

.211

.215

.199 i . o i o

2 ug p e r  ml
re a c tio n  m ix tu re Fresh .181

.185

.196

.200

.201

.205

.2 0 6

.211

.198 t .0 0 8

S to red .2 6 1
.261
.280
.28*

.290

.297

.3 0 0

.302

.28* ± .013

3 ug p e r  ml
.262
.271
.278
.280

re a c t io n  m ix ture Fresh .290
.295
.300
.30*

.285 t . o u

S to red .359
.365
.370
.375

.380

.390

.392

.395

.378 t .0 1 1

5 ug p e r  ml
re a c t io n  m ix tu re F resh .357

.367

.37*

.385

.390

.391

.395

.*01

.382 t .0 1 3

S tandard  a ssay s  perform ed w ith  e i t h e r  s to re d  ( i n  fro z e n  s t a t e  f o r  
s ix  weeks) o r  f r e s h ly  p rep a red  bovine f i b r i n  su spensions (BFS) a s  sub* 
s t r a t e s  and one o f  fo u r  z e ro - t in e  a c t iv a te d  f r a c t io n  IX I-3  (ZTPF) con
t r a  t io n s  a s  th e  t e s t  s o lu t io n .



FIGURE 2

S tre p to k in a se  A c tiv a tio n  o f  Plasma F ra c tio n  I U - 3

X -  ZTPF (8  ug/m l r e a c t io n  m ix tu re)
•  -  PPF (8 ug/m l r e a c t io n  m ix tu re )

A c tiv a tio n  ex p ressed  a s  A O .B ./60 m in. o b ta in e d  in  th e  s tan d a rd  
a ssay  w ith  in d ic a te d  plasm a f r a c t io n  p re p a ra t io n s  a s  t e s t  so lu 
t io n s  and BFS a s  s u b s t r a te .  S tre p to k in a se  c o n c e n tra tio n  exp ressed  
in  C h ris ten sen  u n its /m l r e a c t io n  m ix tu re .

**7
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u t i l i s e d  to  a c t i v a t e  th e  f r a c t io n  in  s ta n d a rd  a s sa y s  w ith  BFS a s  sub

s t r a t e ,  The s t r e p to k in a s e  a c t iv a t in g  th e  m ix tu re s  ( e i t h e r  z e ro -tim e  

a c t iv a t io n  o r  p r e a c t iv a t io n )  ranged  from zero  to  500 u n i t s  p e r  ml o f  

r e a c t io n  m ix tu re . The r e s u l t s  shown in  F ig u re  2 d em o n stra te  t h a t  th e  

maximal re sp o n se  was o b ta in e d  a t  a s t r e p to k in a s e  c o n c e n tra t io n  o f  

ab o u t 250 u n i t s  p e r  ml o f  r e a c t io n  m ix tu re  fo r  b o th  a c t iv a t io n  p ro 

c e d u re s , S ince th e  nH n^nm  c o n c e n tra tio n  o f  s t r e p to k in a s e  was 500 

u n i t s  p e r  ml o f  r e a c t io n  m ix tu re  f o r  a l l  su b seq u en t a s sa y s  to  be p re 

s e n te d , t h a t  amount o f  s tr e p to k in a s e  was c o n s id e red  s u f f i c i e n t  to  

f o l l y  a c t iv a te  th e  system ,

A su b seq u en t experim en t was perfo rm ed  w ith  s e v e ra l  ZTPF and PPF 

c o n c e n tra tio n s  (2 , h , and 6 ug p e r  ml r e a c t io n  m ix tu re ) a s  t e s t  s o lu 

t io n s  and BFS as  s u b s t r a te  in  s ta n d a rd  a s s a y s .  The zero  tim e ac

t i v a t e d  t e s t  s o lu t io n s  and th o se  p r e a c t iv a te d  w ith  s tr e p to k in a s e  (500 

u n i t s  p e r  ml r e a c t io n  m ix tu re )  had th e  same f i b r i n o l y t i c  a c t i v i t y  in  

th e  s ta n d a rd  a s sa y  f o r  each t e s t  s o lu t io n  c o n c e n tra t io n  u se d . I t  was 

concluded t h a t ,  because no in c re a s e  in  resp o n se  was o b ta in e d  w ith  

p r e a c t iv a te d  t e s t  s o lu t io n s  o v er th o se  a c t iv a te d  a t  ze ro  tim e , 

s t r e p to k in a s e  a c t iv a t io n  o f  th e  f r a c t io n  was v e ry  ra p id  and maximum 

a c t i v i t y  was d em onstra ted  im m edia tely  a f t e r  th e  a d d i t io n  o f  th e  

b a c t e r i a l  a c t i v a to r .

D. Component Causing L y sis  o f  Bovine F ib r in

The f i b r i n o l y t i c  a c t i v i t y  o f  s t r e p to k in a s e  a c t iv a te d  f r a c t i o n  

I I I -3  was due to  e i t h e r  th e  d i r e c t  a c t io n  o f  a c t iv a te d  human p lasm in
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on th e  f i b r i n  s u b s t ra te  o r  by s tre p to k in a se - in d u c e d  a c t iv a t io n  o f 

bov ine plasnri.nogen endogenous to  th e  f i b r i n  s u b s t r a te ,  The l a t t e r  

sequence would re q u ire  th e  p resen ce  o f  a human a c t iv a to r  formed by 

th e  a c t io n  o f  s tr e p to k in a s e  on a p r o a c t iv a to r  p re s e n t  in  f r a c t io n  

I I I - 3 .

Because endogenous bovine plasm inogen i s  d e s tro y ed  by h e a tin g  

th e  f i b r i n  a t  80° C ., f o r  f i f t e e n  m inutes (130) a p o r t io n  o f  th e  

f i b r i n  su spension  was so t r e a te d .  A fte r  co o lin g  th e  suspension , 

c o n c e n tra tio n s  (up to  12 ug p e r  ml r e a c t io n  m ix tu re) were added to  

a l iq u o ts  o f  th e  t r e a te d  suspension  and assayed  u s in g  th e  s tan d a rd  

method w ith  BFS as s u b s t r a te .  No f i b r i n o l y t i c  a c t i v i t y  could  be 

dem onstra ted  in  any o f  th e  c o n c e n tra tio n s  t e s te d .  This was ev idence 

th a t  s tre p to k in a se - in d u c e d  human plasm a a c t iv a to r  was th e  ag en t 

causing  f i b r i n o l y t i c  a c t i v i t y  in  th e  nonheated su sp e n s io n s . I t  was 

no ted , however, th a t  a f t e r  th e  f i b r i n  su spension  was h ea te d  i t s  

p h y s ic a l appearance changed; th e  f i b r i n  p a r t i c l e s  s e t t l e d  r a th e r  

q u ic k ly  in s te a d  o f  g ra d u a lly  as b e fo re  th e  h e a t t re a tm e n t. This 

p o s s ib le  p h y s ic a l change o f  th e  s u b s t ra te  I t s e l f  could  make i t  a 

l e s s  e f f e c t iv e  s u b s t r a te .  I f  t h i s  were so , th en  th e  la c k  o f  r e 

sponse o f  th e  su spension  a f t e r  h e a tin g  may n o t be due to  h e a t in 

a c t iv a t io n  o f  endogenous bovine plasm inogen, b u t to  d e n a tu ra tio n  o f  

th e  f i b r i n  s u b s t r a te  i t s e l f .  A d d itio n a l ev idence was co n sid ered  

n ecessa ry  to  dem onstra te  th a t  an  a c t iv a to r  was i n d i r e c t ly  cau sin g  

l y s i s  o f  th e  bovine f i b r i n  su sp en sio n .
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S in ce  u ro k in a s e  h a s  no f i b r i n o l y t i c  a c t i v i t y ,  a  d e m o n s tra tio n  o f  

l y s i s  w ith  th e  a d d i t io n  o f  u ro k in a s e  to  bov ine f i b r i n  su sp e n s io n s  

would p ro v id e  e x c e l l e n t  ev id en ce  t h a t  th e  u r in e  a c t i v a t o r  caused  

f i b r i n o l y s i s  by a c t iv a t in g  th e  p lasm inogen  endogenous to  th e  f i b r i n  

s u s p e n s io n s . F ig u re  3 g iv e s  th e  r e s u l t s  o f  an  ex p e rim en t where p u r i 

f i e d  u r in e  a c t i v a t o r  (u ro k in a s e )  i n  v a ry in g  c o n c e n tr a t io n s  was added 

a t  ze ro  in c u b a t io n  tim e to  a s e r i e s  o f  BFS a l iq u o ts  i n  th e  s ta n d a rd  

a s sa y  p ro c e d u re . The r e s u l t i n g  p l o t  shows an  i n i t i a l l y  l i n e a r  a c 

t i v i t y  re sp o n se  w ith  th e  s lo p e  d e c re a s in g  i n  h ig h e r  c o n c e n tra t io n s  o f  

th e  a c t i v a t o r .  The a b i l i t y  o f  u ro k in a s e  to  in d u ce  l y s i s  o f  th e  f i b r i n  

su sp e n s io n  was c o n s id e re d  as  d i r e c t  ev id en ce  t h a t  th e  f i b r i n  su spen

s io n  c o n ta in e d  endogenous p la sm in o g en .

The s o lu b i l i z in g  e f f e c t  o f  l y s i n e  s o lu t io n s  on th e  endogenous 

p lasm inogen  o f  human f ib r in o g e n  h as  b een  p r e v io u s ly  d is c u s s e d .  I f  th e  

b o v in e  f i b r i n  su sp e n s io n  e x t r a c te d  w ith  a  l y s i n e  s o lu t io n  h a s  d im in

is h e d  f i b r i n o l y t i c  re sp o n se  t o  a s t r e p to k in a s e - a c t iv a te d  f r a c t i o n  

I H -3  s o lu t io n ,  th e n  a d d i t io n a l  ev id en ce  would be a v a i la b le  demon

s t r a t i n g  th e  p re se n c e  o f  endogenous p lasm inogen  i n  th e  f u l l y  re sp o n s iv e  

n o n e x tra c te d  f i b r i n  su sp e n s io n . I n  o rd e r  to  t e s t  th e  e f f e c t  o f  l y s i n e  

s o lu t io n s  on th e  f i b r i n  su sp e n s io n , th e  fo llo w in g  ex p e rim en t was p e r 

form ed. L y sin e  s o lu t io n s  ra n g in g  from jDl M to  0 .1  M w ere u sed  to  wash 

a l iq u o t s  o f  th e  BFS p r e p a r a t io n  i n  th e  m anner p r e v io u s ly  d e s c r ib e d  in  

th e  p r e p a r a t io n  o f  ly s i n e - e x t r a c t e d  b o v in e  f i b r i n  su sp e n s io n  (LEFS),

A BFS a l iq u o t  was t r e a t e d  w ith  d i s t i l l e d  w a te r  in s t e a d  o f  a  ly s in e



FIGURE 3

Urokinase-Induced F ib r in o ly tic  A c tiv ity

A c tiv ity  expressed in  A Q .D ./60 min. ob ta ined  in  the  standard  assay  
with urok inase  d i lu t io n s  as  t e s t  so lu tio n s  and BFS as s u b s tra te . Uro
kinase co n cen tra tio n  expressed as p e rcen t co n cen tra tio n  (v /v ) p u r if ie d  
u rine  a c t iv a to r  in  the  re ac tio n  m ix tu re .
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so lu tio n  as a c o n tro l .  S tandard assay s were perform ed w ith  th e  ex

tr a c te d  f i b r i n  suspensions and a co n s tan t aaount o f  ZTPF so lu t io n  

(10 ug p e r  ml re a c tio n  m ix ture) f o r  each a ssay . The r e s u l t s  o f  th e  

experim ent a re  shown in  F igure 4 . I t  i s  ev id en t th a t  decreased  

f ib r in o ly s i s  occurred  w ith  in c re a s in g  ly s in e  co n c en tra tio n  in  the 

e x tra c t in g  s o lu t io n s . The experim ental r e s u l t s  in d ic a te  th a t  a s  th e  

aaount o f  endogenous plasm inogen was p ro g re ss iv e ly  removed w ith  in 

c rea s in g  ly s in e  co n cen tra tio n  in  the  e x tra c t in g  s o lu t io n s , the l y t i c  

a c t iv i ty  induced by th e  a d d itio n  o f  s tre p to k in a se  a c t iv a te d  f r a c t io n  

I I I - 3  decreased  and ev e n tu a lly  approached aero a c t i v i t y .

From th e  above experim ents i t  was concluded th a t  th e  f ib r in o ly t i c  

a c t iv i ty  o f  a c t iv a te d  f r a c t io n  IH -3 »  in  th e  co n cen tra tio n s  te s te d ,  

was n o t due to  i t s  p lasm in , b u t to  i t s  a c t iv a to r  which was formed in  

th e  p resence o f  s tre p to k in a se  and which a c t iv a te d  endogenous plasminogen 

in  the  f i b r i n  su spension . Thus, the BFS p re p a ra tio n  prov ided  a sub

s t r a t e  whose f ib r in o ly t i c  response depended on th e  co n cen tra tio n  o f 

a c t iv a to r  in  th e  plasma f ra c t io n .

I t  i s  in te r e s t in g  to  no te  t h a t  rep ea ted  washings o f  th e  f ib r in  

suspension  w ith  phosphate b u f fe r  d id  n o t reduce endogenous plasm inogen 

le v e ls  to  a p o in t  where f i b r i n o ly t i c  response w ith  s tre p to k in a se  in 

duced plasm a a c t iv a to r  was a f fe c te d . This o b se rv a tio n  suggests th a t  

the plasm inogen in  the suspension has a g re a t  a f f i n i t y  f o r  f ib r i n  

and i s  no t e a s i ly  removed.
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FIGURE h

F i b r i n o ly t i c  Response o f  Bovine F ib r in  
E x tra c te d  w ith  L y sin e  S o lu tio n s

A c t iv i ty  e x p re sse d  a s  A  0 .D . / 6 0  m in. o b ta in e d  i n  th e  s ta n d a rd  a s sa y  
w ith  f i b r i n  su sp e n s io n s  e x t r a c te d  w ith  in d ic a te d  ly s i n e  s o lu t io n s  a s  
s u b s t r a t e s  and a  c o n s ta n t  amount o f  a c t i v a t o r  (10 ug ZTPF/al r e a c t io n  
m ix tu re )  a s  t e s t  s o lu t io n .  L y s in e  c o n c e n tra t io n  e x p re s se d  in  m o la rity *

5*



FIGURE 5

Rato o f  Plasma A c tiv a to r-In d u ced  F ib r in o ly s is

•  -  1 .5  ug 2TPF/ml r e a c t io n  m ix tu re  
X -  3*0 ug ZTPF/ml r e a c t io n  m ix tu re

A  O.D. a t  280 mu o f  t r i c h l o r a c e t i c  a c id  e x t r a c t s  o b ta in ed  a f t e r  
v a rio u s  in c u b a tio n  tim es o f  a r e a c t io n  m ix tu re  was m easured. The 
r e a c t io n  m ix tu re  co n ta in ed  in d ic a te d  ZTPF co n c e n tra tio n  and 15 mg 
3FS/ml.
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E. K in e t ic  S tu d ie s  o f  P lasm a A c tiv a to r

Hie component i n  s t r e p to k in a s e - a c t iv a te d  f r a c t i o n  I I I - 3  p ro d u c in g  

f i b r i n o l y t i c  a c t i v i t y  i n  BFS p r e p a r a t io n s  was c o n s id e re d  an a c t i v a t o r  

whose e f f e c t  was on p lasm inogen  p r e s e n t  i n  th e  f i b r i n .  I n  o rd e r  to  

s tu d y  th e  f i b r i n o l y t i c  r a t e  o f  th e  r e a c t io n  o c c u r r in g  on a d d i t io n  o f  

p lasm a a c t i v a t o r  ( i n  s t r e p to k in a s e - a c t iv a te d  f r a c t i o n  H I - 3 )  to  BPS 

th e  fo llo w in g  ex p e rim en t was p e rfo rm e d . To a  volume o f  BFS in  a 50 ml 

E rlenm eyer f l a s k  ( i n  th e  D ubnoff in c u b a to r - s h a k e r )  was added h a l f  a 

volume o f  a  f r a c t i o n  I I I - 3  s o lu t io n  fo llo w ed  q u ic k ly  by h a l f  a  volume 

o f  a s t r e p to k in a s e  s o lu t io n  (4 ,0 0 0  u n i t s  p e r  m l) .  Im m ed ia te ly  a f t e r  

s t r e p to k in a s e  a d d i t io n  and sh ak in g  i n i t i a t e d ,  a  2 ,0  ml a l i q u o t  o f  th e  

r e a c t io n  m ix tu re  was removed and p la c e d  i n  a c e n t r i f u g e  tu b e  c o n ta in in g  

2 ,0  ml o f  10 p e rc e n t  t r i c h l o r a c e t i c  a c id .  T h is  was th e  ae ro  in c u b a tio n  

tim e a s s a y . At g iv en  tim e i n t e r v a l s  up to  120 m in u te s , 2 ,0  ml a l iq u o t s  

were s im i l a r ly  removed and t r e a t e d .  The p ro c e s s in g  o f  th e  t r i c h l o r 

a c e t i c  a c id  e x t r a c t s  and th e  m easurem ent o f  a c id - s o lu b le  f i b r i n o l y t i c  

p ro d u c ts  fo llo w ed  th e  p ro c ed u re  d e s c r ib e d  f o r  th e  s ta n d a rd  a s s a y . The 

e n t i r e  p ro c e d u re  d e s c r ib e d  above was perfo rm ed  on two f r a c t i o n  I I I - 3  

c o n c e n tr a t io n s  ( 1 ,5  and  3*0 ug p e r  ml r e a c t io n  m ix tu re ) .  The r e s u l t s  

o f  th e  ex p e rim en t a r e  shown i n  F ig u re  5* I t  i s  e v id e n t from th e s e  

r e s u l t s  t h a t  b o th  c o n c e n tr a t io n s  o f  a c t i v a t o r  t e s t e d  d em o n stra te d  a 

l i n e a r  in c r e a s e  o f  spe c tro p h o to ra e tr ic a lly -m e a s u re a b le  a c id - s o lu b le  

f i b r i n o l y t i c  p ro d u c ts .  A p p aren tly  a c t i v a t o r  form ed i n  th e  f i r s t  m in u te  

o r  two o f  th e  r e a c t io n  im m ed ia te ly  a c t iv a te d  a s p e c i f i c  amount o f
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plasm inogen in  th e  su sp e n s io n . T his o b s e rv a tio n  su g g e s ts  t h a t  s t r e p t o 

k in a se - in d u c e d  a c t i v a t o r  fo n ts  p la sm in  s to ic h io m e t r ic a l ly  and n o t 

e n z y m a tic a lly  d u rin g  th e  t e s t  p e r io d .  T his o b s e rv a tio n  i s  i n  a g re e 

ment w ith  a r e p o r t  i n  which h e a t  o f  a c t iv a t io n  s tu d ie s  in d ic a te d  

s tre p to k in a s e - in d u c e d  plasm a a c t iv a t io n  o f  a non-enzym atic  n a tu re  

w h ile  u ro k in a se  a c t iv a t io n  was enzym atic  (7 0 ) .  E a r l i e r  s tu d ie s  i n d i 

c a te d , how ever, t h a t  th e  a c t i v a to r  formed p lasm in  e n z y m a tica lly  from 

plasm inogen ( c a s e in  and s y n th e t ic  e s t e r s  s u b s t r a te s )  ( l l ) . F ig u re  5 

i l l u s t r a t e s  th e  f i r s t  o rd e r  k in e t i c s  t h a t  were observed  in  re g a rd  to  

a c t iv a to r  c o n c e n tra t io n . The r a t e  o f  th e  r e a c t io n  w ith  th e  h ig h e r  

c o n c e n tra t io n  o f  f r a c t i o n  I I I - 3  (3 .0  ug p e r  ml o f  r e a c t io n  m ix tu re ) 

was s l i g h t l y  l e s s  th a n  tw ice  th e  r a t e  a t  th e  lo w er c o n c e n tra t io n  (3 .0  

ug p e r  m l) .

The ex p e rim en ta l o b s e rv a tio n s  d is c u s s e d  above in d ic a te  t h a t  th e  

s to ic h io m e tr ic  fo rm a tio n  o f  p lasm in  by th e  a c t i v a to r  r e s u l t s  i n  a 

f i b r i n o l y t i c  a c t i v i t y  dependen t upon th e  amount o f  a c t i v a to r  i n i t i a l l y  

p r e s e n t  i n  th e  t e s t  s o lu t io n .  In  o rd e r  to  o b ta in  more in fo rm a tio n  on 

t h i s  p ro c e s s , th e  r e c ip ro c a l  p lo t  method o f  L inew eaver and Burk (13*0 

was a p p l ie d  to  r e s u l t s  o b ta in e d  in  th e  fo llo w in g  ex p e rim en t. Four 

c o n c e n tra tio n s  o f  a c t i v a to r  (ZTPF) w ere t e s t e d  f o r  t h e i r  f i b r i n o l y t i c  

in d u c in g  a c t i v i t y  on subop tim al c o n c e n tra t io n s  o f  BFS. The fo u r  

a c t i v a to r  c o n c e n tra t io n s  t e s t e d  w ere 1 .5*  2 .0 ,  2 .5  and 3 .0  ug plasm a 

f r a c t io n  I I I -3  p e r  ml o f  r e a c t io n  m ix tu re . E xcept f o r  th e  lo v e r  

f i b r i n  c o n c e n tra t io n s , th e  s ta n d a rd  a s sa y  was u sed  to  o b ta in  th e
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FIGURE 6

E ffe c t o f  S u b s tra te  C oncen tra tion  on Plasma 
A c tiv a to r-In d u ced  F ib r in o ly t ic  A c tiv i ty

S -  BFS in  mgs/ml r e a c t io n  m ix tu re
V -  A O .D ./60 m in. o b ta in e d  i n  p rocedure  fo llo w in g  th a t  o f  th e  s ta n d a rd  
assay  w ith  in d ic a te d  BFS c o n c e n tra tio n s  a s  s u b s t r a te s  and PPF d i lu 
t io n s  as  t e s t  s o lu t io n s .

A c tiv a to r  C a lcu la te d  C a lcu la ted
Cone.* K*, (wgs/w l) W
1 .5  2 .6  .1 5
2.0  2 .6  .22
2 .5  2 .? .26
3 .0  3 .0  .30

* A c tiv a to r  co n c e n tra tio n  ex p ressed  a s  ug/m l r e a c t io n  m ix tu re  o f  PPF
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v e lo c i ty  a s  th e  in c r e a s e  i n  o p t i c a l  d e n s i ty  o f  t r i c h l o r a c e t i c  e x t r a c t s  

o f  th e  r e a c t io n  m ix tu re s  a f t e r  an  in c u b a tio n  tim e  o f  60 m in u te s . The 

r e s u l t s  o f  th e  ex p e rim en t a re  shown i n  F ig u re  6 . A l i n e a r  r e l a t i o n 

s h ip  was o b ta in e d  f o r  each  c o n c e n tr a t io n  o f  a c t iv a to r *  These r e s u l t s  

im ply  t h a t ,  w ith  a c o n s ta n t  amount o f  a c t i v a t o r ,  th e  amount o f  p la sm in  

form ed was a l s o  c o n s ta n t  f o r  a l l  s u b s t r a te  c o n c e n tr a t io n s  t e s t e d  and 

th e  v e l o c i t y  i s  th e n  dependen t on th e  s u b s t r a te  c o n c e n tr a t io n  a lo n e .

The r e s u l t s ,  t h e r e f o r e ,  p ro v id e  ev id en ce  t h a t  th e  amount o f  endogenous 

p lasm inogen  i s  n o t  r a t e  l i m i t i n g  i n  th e  s u b s t r a te  c o n c e n tra t io n s  t e s t e d .  

The a p p a re n t v a lu e s ,  c a lc u la te d  from th e  a b s c is s a  i n t e r c e p t s ,  a g re e d  

e x c e p t f o r  th e  v a lu e  o b ta in e d  w ith  th e  h ig h e s t  a c t i v a t o r  c o n c e n tr a t io n  

( 3 .0  ug p e r  m l) .  The t h e o r e t i c a l  maximum v e l o c i t i e s  (V^g^) c a lc u la te d  

from th e  o r d in a te  i n t e r c e p t s  a re  a l s o  g iv en  i n  F ig u re  6 .

An ex p erim en t was d e s ig n e d  to  r e l a t e  f i b r i n o l y t i c  a c t i v i t y  to  

c o n c e n tr a t io n  o f  th e  a c t i v a t o r .  The s ta n d a rd  a s sa y  was p erfo rm ed  in  

w hich d i f f e r e n t  c o n c e n tr a t io n s  o f  ZTPF se rv e d  as  th e  a c t i v a t o r  so u rc e s  

and  a s  t e s t  s o lu t io n s  w ith  BFS a s  s u b s t r a t e .  S e v e ra l n o n a c tiv a te d  

c o n c e n tr a t io n s  o f  f r a c t i o n  IX I-3  were a ssay e d  in  th e  same m anner.

The r e s u l t s  o f  t h i s  ex p e rim en t a r e  shown in  F ig u re  7 . I t  i s  e v id e n t  

from th e s e  r e s u l t s  t h a t ,  i n i t i a l l y ,  th e  l y t i c  a c t i v i t y  in c re a s e d  

l i n e a r l y  w ith  a c t i v a t o r  c o n c e n tr a t io n  b u t  became n o n l in e a r  and  l e s s  

re sp o n s iv e  in  a c t i v a t o r  c o n c e n tr a t io n s  above 3 ug p e r  ml r e a c t io n  

m ix tu re . As d is c u s s e d  in  C h ap te r I I ,  p la sm in  may a c t  a s  i t s  own sub

s t r a t e  ( a u to - c a t a ly s i s )  and th e  su p p re sse d  in c re a s e  i n  a c t i v i t y  in
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FIGURE 7

F ib r i n o ly t i c  A c t iv i ty  Induced  by P lasm a A c tiv a to r

■  -  t h e o r e t i c a l  maximum v e l o c i t i e s  o b ta in e d  i n  F ig u re  6 
•  -  e x p e r im e n ta l v a lu e s  w ith  ZTPF a s  t e s t  s o lu t io n  
X -  e x p e rim e n ta l v a lu e s  w ith  n o n a c t iv a te d  f r a c t i o n  I I I - 3 a s  t e s t  

s o lu t io n

A c t iv i ty  e x p re s se d  a s  & 0 .D ./6 0  m ln . o b ta in e d  i n  a  s ta n d a rd  a s sa y  
w ith  in d ic a t e d  a c t i v a t o r  p r e p a r a t io n s  a s  t e s t  s o lu t io n s  w ith  BFS a s  
s u b s t r a t e .  P lasm a a c t i v a t o r  c o n c e n tra t io n  e x p re s se d  a s  ug /m l r e a c 
t i o n  m ix tu re  o f  f r a c t i o n  I I I - 3-

63



65

th e  h ig h e r  (above 3 ug  p e r  ml) a c t i v a to r  c o n c e n tra t io n s  may be due to  

a p lasm in—plasm in  I n te r a c t io n  o f  th e  a c t iv a te d  endogenous bovine 

plasm inogen*

F. A d so rp tio n  o f  A c tiv a to rs  and P ro a c t iv a to r

Spontaneous b lo o d  a c t iv a to r  (su ch  a s  th e  ty p e  d e te c te d  a f t e r  

sev ere  e x e rc is e )  and th e  s tr e p to k in a s e - in d u c e d  a c t iv a to r  have been 

re p o r te d  to  be  t o t a l l y  adso rbed  to  f i b r i n  d u r in g  c o a g u la tio n  o f  a 

f ib r in o g e n - a c t iv a to r  m ix tu re  (90)*  About 35 p e rc e n t  o f  th e  p ro -  

a c t i v a to r  and p r a c t i c a l l y  no u ro k in a se  a re  ad so rb ed . Exposure o f  

a c t i v a to r  to  p reform ed c l o t s ,  how ever, r e s u l t e d  in  v e ry  l i t t l e  ad

s o rp t io n .  These o b s e rv a tio n s  su g g es ted  th a t  a c t i v a to r  b in d in g  was 

due to  th e  "en trap m en t11 o f  a c t i v a t o r  i n  th e  f i b r i n  m a tr ix  d u r in g  th e  

p o ly m e risa tio n  s te p  and n o t due to  s u r fa c e  a d s o rp tiv e  p r o p e r t ie s  o f  

th e  f i b r i n  polym er a f t e r  i t  was formed*

I n  o rd e r  to  s tu d y  th e  a f f i n i t y  o f  a c t iv a to r s  and p r o a c t iv a to r  

f o r  th e  f i b r i n  su sp e n s io n , th e  fo llo w in g  ex p erim en t was perfo rm ed . 

S ev e ra l c o n c e n tra t io n s  o f  u r in e  a c t i v a to r  a s  w e ll a s  o f  n o n a c tiv a te d  

and p r e a c t iv a te d  f r a c t i o n  X U -3  were m ixed w ith  a l iq u o t s  o f  BFS a f t e r  

which th e  su sp en sio n s were th o ro u g h ly  washed and u sed  in  s ta n d a rd  

a s s a y s .  The e n t i r e  a d s o rp tio n  p ro ced u re  a s  d e s c r ib e d  i n  C hapter V 

was u se d . For th e  u ro k in a se  and a c t iv a te d  f r a c t i o n  I I I - 3  a d s o rp tio n  

a s sa y s , 1 .0  ml a l iq u o ts  o f  p h o sp h a te  b u f f e r  were u sed  a s  t e s t  s o lu 

tio n s *  In  th e  a s sa y s  f o r  t e s t i n g  th e  a d s o rp tio n  o f  p r o a c t iv a to r  from
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n o n a c tiv a te d  f r a c t i o n  I I I - 3 s o lu t io n s ,  1 .0  ml a l iq u o ts  o f  s t r e p to k in a s e  

s o lu t io n  (2 ,0 0 0  u n i t s  p e r  m l) w ere u se d . T h is  l a t t e r  p ro ced u re  p e r 

m it te d  th e  tr a n s fo rm a tio n  o f  a l l  ad so rb ed  p r o a c t iv a to r  to  a c t i v a t o r .

The r e s u l t s  o f  th e  ex p e rim en t a r e  shown in  F ig u re  8 . 3y com paring 

th e  ad so rb e d  a c t i v i t y  o f  BFS exposed to  p r o a c t iv a to r  and a c t i v a t o r  

s o lu t io n s  (F ig u re  8) w ith  th e  a c t i v i t y  o f  th e  same c o n c e n tr a t io n s  o f  

p r o a c t iv a to r  and a c t i v a t o r  i n  th e  t e s t  s o lu t io n s  i n  s ta n d a rd  a s sa y s  

(F ig u re  7 ) , i t  i s  e v id e n t t h a t  t o t a l  a d s o rp t io n  to o k  p la c e .  The 

a c t i v i t y  ad so rb ed  to  f i b r i n  was eq u a l to  th e  maximum a c t i v i t y  t h a t  

co u ld  b e  o b ta in e d . A dsorbed u ro k in a s e  a c t i v i t y  was l e s s  th a n  10 p e r 

c e n t  o f  th e  a c t i v i t y  ex p ec ted  i f  t o t a l  a d s o rp t io n  to o k  p la c e  (F ig u re  

3 ) .  P r o a c t iv a to r  and a c t i v a to r  th u s  have a  g r e a t e r  a f f i n i t y  f o r  th e  

f i b r i n  s u r fa c e  th a n  u ro k in a s e .  A c t iv a to r  and p r o a c t iv a to r  may p o s

s ib l y  be ad so rb ed  on th e  f i b r i n  s u r fa c e  w herever an  endogenous 

p lasm inogen  m olecu le  was p r e s e n t  and th u s  form a s to ic h io m e tr ic  

complex w ith  th e  proenzym e. I t  i s  i n t e r e s t i n g  t h a t  p r o a c t iv a to r  has 

an  a f f i n i t y  f o r  th e  f i b r i n  a s  does a c t i v a t o r .  The s tu d y  w ith  u ro 

k in a se  a d s o rp tio n  in d ic a te d  a d i f f e r e n t  mechanism s in c e  no g re a t  

a f f i n i t y  f o r  th e  f i b r i n  s u r fa c e  was o b se rv e d . The a d s o rp t io n  s tu d ie s  

in d ic a te d  th a t  s t r e p to k in a s e - in d u c e d  a c t i v a t o r  and p r o a c t iv a to r  were 

r e a d i ly  ad so rb ed  on p refo rm ed  f i b r i n  when th e  f i b r i n  s u r fa c e  a re a  

h as  b een  in c re a s e d .  T his ex p e rim e n ta l o b s e rv a tio n  does n o t  ag ree  

w ith  th e  p re v io u s ly  d is c u s s e d  co n cep t o f  a c t i v a t o r  "en trap m en t"  in  

th e  fo rm ing  c l o t .



FIGURE 8

A c tiv i ty  Induced by Adsorbed A c tiv a to r  o r  P ro a c tiv a to r  

X -  U rokinase, ■  -  Plasma A c tiv a to r , •  -  Plasma P ro a c t iv a to r

F ib rin -a d so rb e d  a c t i v i t y  exp ressed  as  ^ Q .D ./6 0  min. o b ta in ed  in  
th e  s ta n d a rd  a ssay  w ith  BFS (w ith  any adsorbed  components) as sub
s t r a t e .  A c tiv a to r  c o n c e n tra tio n s  were th o se  p ro v id ed  f o r  adso rp 
t io n .  U rokinase c o n c e n tra tio n  exp ressed  in  p e rc e n t co n c e n tra tio n  
(v /v )  p u r i f i e d  u r in e  a c t iv a to r  in  r e a c t io n  m ix tu re . Plasma ac
t i v a t o r  (PPF) and p r o a c t iv a to r  ( f r a c t io n  H I - 3  a c t iv a te d  a f t e r  
ad so rp tio n  p rocedure) c o n c e n tra tio n s  ex p ressed  in  ug/m l r e a c t io n  
m ix tu re .
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G. F i b r i n o l y t i c  R ate o f  U rok inase

S in ce  p lasm a a c t i v a t o r  and p r o a c t iv a to r  have an  a f f i n i t y  f o r  

f i b r i n ,  w h ile  th e  u r in e  a c t i v a t o r ,  u ro k in a s e , h as  v e ry  l i t t l e ,  a 

d i f f e r e n t  a c t i v a t i o n  p ro c e s s  f o r  th e  endogenous p lasm inogen  seemed 

p o s s i b le .  I n  o rd e r  t o  compare th e  f i b r i n o l y t i c  r a t e s  p re v io u s ly  

o b ta in e d  f o r  p lasm a a c t i v a t o r  w ith  th o s e  o b ta in e d  w ith  u ro k in a se , 

th e  e x p e r im e n ta l m ethod p r e v io u s ly  u sed  f o r  th e  plasm a a c t i v a t o r  

a n a ly s i s  was u sed  to  s tu d y  th e  f i b r i n o l y t i c  r a t e  f o r  two p u r i f i e d  

u r in e  a c t i v a t o r  c o n c e n tr a t io n s  ( 2 .5  and 5-0 volume p e r c e n t  i n  r e a c 

t i o n  m ix tu r e s ) .  The r e s u l t s  o f  th e  u r in e  a c t i v a t o r  r a t e  s tu d y  a p p e a r  

i n  F ig u re  9* The r a t e s  f o r  th e  two u ro k in a s e  c o n c e n tr a t io n s  t e s t e d  

were d i s t i n c t l y  n o n l in e a r .  T h is  i s  i n  c o n t r a s t  to  th e  r a t e s  o b ta in e d  

w ith  th e  plasm a a c t i v a t o r .  P lasm inogen  ap p e a rs  to  be c o n t in u a l ly  

a c t iv a te d  d u r in g  th e  in c u b a t io n  p e r io d  and th u s  th e  r a t e  in c r e a s e s  

d u r in g  th e  co u rse  o f  th e  ex p e rim en t. U rok inase  a c t i v a t io n  r e s u l t s ,  

t h e r e f o r e ,  a r e  th o s e  ex p ec te d  o f  an  enzyme (u ro k in a s e )  a c t i v a t in g  a 

proenzym e (p lasm in o g en ) w ith  th e  a s s a y  depend ing  on th e  enzym atic  

b e h a v io r  o f  th e  f i n a l  a c t i v a t io n  p ro d u c t (p la s m in ) . An a l t e r n a t e  

e x p la n a t io n  i s  t h a t  an  i n i t i a l  In d u c tiv e  p e r io d  was r e q u ir e d  b e fo re  

th e  f u l l  a c t i v a t i o n  e f f e c t  o f  u ro k in a s e  was e l i c i t e d .  T h is  mechanism 

would evoke a  b ip h a s ic  r a t e  cu rv e  s im i l a r  to  th e  cu rv es  i n  F ig u re  9* 

By n o tin g  th e  d i f f e r e n c e s  i n  th e  r a t e s  (F ig u re  5  and  9) and  i n  th e  

a d s o rp t io n  c h a r a c t e r i s t i c s  (F ig u re  8 ) ,  an  a p p a re n t d i f f e r e n c e  in  th e  

mechanism o f  endogenous p lasm inogen  a c t i v a t i o n  was o b se rv e d .
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FIGURE 9

Rate o f  U ro k in ase -In d u ced  F ib r in o ly s i s

0 -  2.5%, X -  5 .0 $  u ro k in a s e  c o n c e n tr a t io n s  e x p re s se d  a s  th e  p e r 
c e n t c o n c e n tr a t io n  ( v /v )  o f  p u r i f i e d  u r in e  a c t i v a t o r  i n  th e  r e a c t io n  
■ ix t u r e .  A o .D . a t  280 mu o f  t r i c h l o r a c e t i c  a d d  e x t r a c t s  o b ta in e d  
a f t e r  v a r io u s  in c u b a t io n  t i n e s  o f  a  r e a c t io n  m ix tu re  was m easu red .
The r e a c t io n  m ix tu re  c o n ta in e d  in d ic a te d  u r in e  a c t i v a t o r  c o n c e n tra 
t i o n  an d  1.5 * f  BFS/m l.
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H. A c t iv a to r  i n  P lasm a and E u g lo b u lin

I n  a l l  th e  p re v io u s  ex p e rim en ts  th e  a c t i v a t o r  so u rc e  was e i t h e r  

s t r e p to k in a s e - a c t iv a te d  f r a c t i o n  H I - 3  o r  u ro k in a s e .  I t  was con

s id e r e d  e s s e n t i a l  t h a t  p lasm a and th e  e u g lo b u lin  d e r iv e d  th e re fro m  

be t e s t e d  i n  o rd e r  to  m easure th e  e x te n t  o f  t h e i r  a b i l i t y  to  a c t i v a t e  

th e  endogenous p lasm inogen  i n  BFS. In  th e  f i r s t  ex p e rim en t, a  plasm a 

and i t s  e u g lo b u lin  f r a c t i o n  ( Sample l )  p re p a re d  by th e  m ethod o f  

K ow alski (^ 5 ) were t e s t e d  i n  v a r io u s  d i l u t i o n s  f o r  f i b r i n o l y t i c  

a c t i v i t y  by th e  s ta n d a rd  a s s a y  a f t e r  p r e a c t iv a t io n  w ith  s t r e p to k in a s e .  

S e v e ra l a s s a y s  w ere p erfo rm ed  on d i l u t i o n s  w hich w ere n o t  a c t iv a te d  

i n  o rd e r  to  d e t e c t  sp o n tan eo u s a c t i v a t o r  in  th e  t e s t  s o lu t io n s *  The 

r e s u l t s  o f  th e  ex p e rim en t a p p e a r  i n  F ig u re s  10 and 1 1 . The e u g lo b u lin  

a c t i v i t i e s  were i n i t i a l l y  l i n e a r  w ith  maximum re sp o n se  to  eugL obulin  

c o n c e n tr a t io n  fo llo w e d  by a c o m p a ra tiv e ly  lo w e r  a c t i v i t y  re sp o n se  i n  

h ig h e r  e u g lo b u lin  c o n c e n tr a t io n s .  T h is phenomenon was q u i t e  s im i l a r  

t o  t h a t  o b ta in e d  w ith  a c t iv a te d  f r a c t i o n  I H - 3  (F ig u re  7 ) .  The p lasm a 

a c t i v i t y  was i n i t i a l l y  g r e a t e r  th a n  t h a t  o f  i t s  e u g lo b u lin  f r a c t i o n  

i n  th e  lo w e r  c o n c e n tr a t io n s  t e s t e d .  I n  th e  re g io n  o f  l i n e a r  re sp o n se  

( i n  low  c o n c e n tr a t io n s )  p lasm a a c t i v a t o r  f i b r i n o l y t i c  a c t i v i t y  was 

h ig h e r  th a n  t h a t  o f  i t s  e u g lo b u lin  f r a c t i o n .  I n  th e  moire c o n c e n tra te d  

p lasm a and e u g lo b u lin  s o lu t io n s  t e s t e d ,  p lasm a a c t i v i t y  app ro ach ed  a 

maximum w h ile  t h a t  o f  th e  e u g lo b u lin  co n tin u e d  to  r i s e  though a t  a 

d e c re a se d  r a t e .



FIGURE 10

E f f e c t  o f  P lasm a A c t iv a to r  C o n c e n tra tio n  
on F ib r i n o ly t i c  A c t iv i ty

#  -  p r e a c t iv a te d  p lasm a, x  -  p r e a c t iv a te d  e u g lo b u lin  
■  -  n o n a c t iv a te d  p la sm a, A  -  n o n a c tiv a te d  e u g lo b u lin

A c t iv i ty  e x p re s se d  a s  4  0 . D ./60  m ln . o b ta in e d  I n  a  s ta n d a rd  a s sa y  
w ith  I n d ic a te d  p lasm a o r  e u g lo b u lin  d i l u t i o n s  a s  t e s t  s o lu t io n s  and 
BFS a s  s u b s t r a t e .  C o n c e n tra tio n s  e x p re s se d  a s  p e r c e n t  c o n c e n tra t io n  
( v /v )  I n  r e a c t io n  m ix tu re .
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FT GORE 11

S p e c if ic  Plasma and E u g lobu lin  A c tiv a to r  A c tiv i ty  

•  -  p r e a c t iv a te d  p lasm a, X -  p r e a c t iv a te d  eu g lo b u lin

C o n cen tra tio n s o f  plasm a and e u g lo b u lin  ex p ressed  a s  p e rc e n t con
c e n tr a t io n  (v /v )  in  r e a c t io n  m ix tu re . BF u n i t s  c a lc u la te d  from 
v a lu es  p lo t t e d  i n  F ig u re  1 0 . The s p e c i f ic  a c t i v i t i e s  o b ta in ed  in  
th e  low  c o n c e n tra tio n s  a re  a lso  p lo t t e d  i n  i n s e r t  w ith  expanded 
c o n c e n tra tio n  s c a le  w hile  th e  BF u n i t s  s c a le  i s  th e  same.
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Because th e  p lasm a a c t iv a to r  a c t i v i t i e s  were g r e a te r  th a n  th o se  

o f  i t s  e u g lo b u lin  i n  th e  c o n c e n tra t io n s  where maximum and l i n e a r  

resp o n se  was o b ta in e d , i t  i s  assumed t h a t  th e  e u g lo b u lin  f r a c t io n  

d id  n o t  c o n ta in  a l l  o f  th e  a c t i v a to r  o f  w hole p lasm a. The more a b ru p t 

su p p re ss io n  in  f i b r i n o l y t i c  re sp o n se  w ith  in c re a s in g  c o n c e n tra t io n s  o f  

plasm a as  compared to  e u g lo b u lin  may be due to  th e  p re se n ce  o f  in 

h i b i t o r s  i n  th e  fo rm er. These in h ib i to r s  i n  plasm a a p p a re n tly  reduce 

th e  a c t i v i t y  a t  a p lasm a c o n c e n tra t io n  o f  .20 volume p e rc e n t  o r  h ig h e r  

w h ile  th e  e u g lo b u lin  a c t i v a to r  a c t i v i t y  co n tin u es  to  in c re a s e .  At 

c o n c e n tra t io n s  below  .10 volume p e rc e n t  th e  plasm a i n h i b i t o r  e f f e c t  

ap p ears  to  be d i lu t e d  o u t .  I t  was c o n s id e red  s i g n i f i c a n t  t h a t  th e  

n o n a c tiv a te d  plasm a and e u g lo b u lin  c o n c e n tra t io n s  t e s t e d  had no ac 

t i v i t y .  Spontaneous a c t iv a to r  was a p p a re n tly  n o t p r e s e n t  in  m easu rab le  

am ounts.

In  o rd e r  to  show th e  e f f e c t  o f  d i l u t i o n  on s p e c i f i c  a c t i v i t y ,  

th e  f i b r i n o l y t i c  v e l o c i t i e s  o b ta in e d  f o r  th e  v a rio u s  plasm a and 

e u g lo b u lin  c o n c e n tra t io n s  shown in  F ig u re  10 were used  to  c a lc u la te  

3F u n i t s  o f  a c t i v i t y .  These v a lu es  were p lo t t e d  a g a in s t  c o n c e n tra 

t io n  in  F ig u re  1 1 . Where f i b r i n o l y t i c  re sp o n se  was l i n e a r  w ith  con

c e n t r a t io n s ,  th e  s p e c i f i c  a c t i v i t y  was a t  a  maximum v a lu e . As th e  

c o n c e n tra t io n  was in c re a s e d  s p e c i f i c  a c t i v i t y  d e c re a se d  and approached  

a minimum v a lu e .

Seven o th e r  plasm a sam ples and t h e i r  e u g lo b u lin  f r a c t io n s  were 

t e s t e d  i n  th e  same manner a s  d e s c r ib e d  f o r  th e  plasm a and e u g lo b u lin .
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T able 2

Plasma and E ug lobu lin  T o ta l A c tiv a to r  A c tiv i ty

Sample 1 2 3 4 5 6 7 8

E ug lobu lin 296 370 248 312 190 270 200 360

Plasm a 418 470 360 572 490 488 405 500

E ug lobu lin /P lasm a 
A c t iv i ty  R a tio .71 .79 .4 4 .55 .39 .5 5 .49 .72

Eu g lo b u lin s  p re p a re d  by Kowalski p ro ced u re  ( 4 5 ) .  A c t i v i t i e s  ex
p re s s e d  i n  BF u n i t s  c a lc u la te d  from v a lu e s  o b ta in e d  w ith  th e  s ta n d a rd  
a s sa y  o f  e u g lo b u lin  and plasm a sam ples d i lu t e d  to  th e  range where 
f i b r i n o l y t i c  re sp o n se  was p ro p o r t io n a l  to  c o n c e n tra t io n . Bovine 
f i b r i n  su sp en s io n  (BFS) was th e  s u b s t r a te .
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Hie same cu rve  c h a r a c t e r i s t i c s  a s  th o s e  seen  i n  F ig u re s  10 and  11 w ere 

o b ta in e d  when th e  a c t i v i t i e s  w ere p l o t t e d  th o u g i q u a n t i t a t i v e  d i f f e r 

en ces  w ere ap p a ren t*  The p lasm a and e u g lo b u lin  v a lu e s  f o r  a l l  e ig h t  

sam ples a r e  g iv en  i n  T able 2 . I t  was n o te d  t h a t  none o f  th e  sam ples 

h ad  any  s i g n i f i c a n t  sp o n tan eo u s a c t i v a to r  a c t i v i t y .  The s p e c i f i c  

a c t i v i t y  l i s t e d  in  th e  t a b l e  a r e  th o se  o b ta in e d  w ith  p r e a c t iv a te d  

p lasm a and e u g lo b u lin  sam p les . I n  ev e ry  c a se  th e  t o t a l  a c t i v a t o r  

a c t i v i t y  o f  plasm a was g r e a t e r  th a n  th a t  o f  i t s  e u g lo b u lin  f r a c t i o n .  

Though no p re v io u s  s tu d y  was a v a i la b le  f o r  a com parison o f  v a lu e s  o f  

p lasm a and e u g lo b u lin  t o t a l  a c t i v a t o r  a c t i v i t y ,  i t  h as  been  re p o r te d  

t h a t  th e  chy lom icron  f r a c t i o n  o f  p lasm a c o n ta in s  a c t i v a t o r  a c t i v i t y  

a f t e r  tr e a tm e n t w ith  s t r e p to k in a s e  (135) • The u se  o f  th e  e u g lo b u lin  

f r a c t i o n  as  th e  t e s t  s o lu t io n  f o r  t o t a l  p lasm a p r o a c t iv a to r  and 

a c t i v a t o r  p r o p e r t i e s  may th u s  be  s u b je c t  to  s e r io u s  o b je c t io n s .

I .  The A ssay o f  F lasm in

L y s in e - e x tr a c te d  f i b r i n  su sp e n s io n  was in a c t iv e  to  s t r e p to k in a s e -  

in d u c ed  plasm a a c t i v a t o r  b ecau se  endogenous bov ine p lasm inogen  was n o t 

p r e s e n t  i n  th e  f i b r i n  and , th e r e f o r e ,  p la sm in  a c t i v i t y  co u ld  n o t  be 

g e n e ra te d  by th e  a c t i v a t o r .  I n  a  p re l im in a ry  ex p e rim en t i t  was n o te d  

t h a t  l y s i n e - e x t r a c t e d  f i b r i n  su sp e n s io n  was co m p le te ly  u n r e a c t iv e  to  

p u r i f i e d  u r in e  a c t i v a t o r  in  c o n c e n tr a t io n s  up to  50 p e r c e n t  i n  re a c 

t i o n  m ix tu re s  o f  s ta n d a rd  a s s a y s .  T h is o b s e rv a tio n  p ro v id e d  f u r th e r  

ev id en ce  t h a t  l y s i n e - e x t r a c t e d  f i b r i n  su sp e n s io n s  were n o t  ly s e d  by



FIGURE 12

P la sm in  F i b r i n o l y t i c  R ate

•  -  150  u g  PPF/m l r e a c t io n  m ix tu r e  
X -  300 u g  PPF/m l r e a c t io n  m ix tu r e

&  0*D . a t  280 mu o f  t r i c h l o r a c e t i c  a c id  e x t r a c t s  o b ta in e d  a f t e r  
v a r io u s  in c u b a t io n  p e r io d s  o f  a  r e a c t io n  m ix tu r e  was m ea su red . The 
r e a c t io n  m ix tu r e  c o n ta in e d  i n d ic a t e d  PPF c o n c e n tr a t io n  and 1 3  mg 
B F S /m l.
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th e  i n d i r e c t  a c t io n  o f  a c t i v a t o r s .  S in ce  ly s in e - e x t r a c te d  b o v in e  

f i b r i n  su sp e n s io n  was d em o n stra te d  to  be f r e e  o f  endogenous p l a s 

m inogen, i t  was c o n s id e re d  to  be a s u i t a b le  s u b s t r a te  f o r  human 

p la sm in .

An ex p e rim en t was d e s ig n e d  to  s tu d y  th e  r a t e  o f  f i b r i n o l y s i s  

o f  ly s i n e - e x t r a c t e d  f i b r i n  su sp e n s io n s  w ith  two c o n c e n tra t io n s  o f  

PPF (150 and 300  ug p e r  ml r e a c t io n  m ix tu re )  a s  t e s t  s o lu t io n s .  The 

same m ethod was u sed  as  d e s c r ib e d  i n  th e  f i b r i n o l y t i c  r a t e  s tu d ie s  

o f  p lasm a a c t i v a to r ,  e x c e p t t h a t  l y s i n e - e x t r a c t e d  f i b r i n  su sp e n s io n  

(LEFS) was th e  s u b s t r a t e .  The r e s u l t s  a r e  g iv en  i n  F ig u re  1 2 . F i r s t  

o rd e r  k in e t i c s  were o b se rv ed  in  th e  two c o n c e n tr a t io n s  t e s t e d .  Ap

p ro x im a te ly  a 150 f o ld  in c re a s e  in  a c t iv a te d  f r a c t i o n  I I I - 3 was 

n e c e s s a ry  to  o b ta in  a re sp o n se  e q u iv a le n t  to  t h a t  o b ta in e d  in  th e  

a c t i v a t o r  s tu d y  w ith  th e  u n e x tra c te d  f i b r i n  su sp e n s io n  a s  th e  sub

s t r a t e .  An e x p la n a tio n  f o r  th e  h ig h e r  c o n c e n tr a t io n  req u irem e n ts  

n e c e s s a ry  to  o b ta in  m easu rab le  r e s u l t s  in  a s s a y s  o f  p la sm in  a c t i v i t y  

may be t h a t  th e  p o t e n t i a l  a c t i v a t o r  ( p r o a c t iv a to r )  c o n c e n tr a t io n  may 

be much h ig h e r  th a n  th e  p o t e n t i a l  p la sm in  c o n c e n tr a t io n  i n  th e  plasm a 

f r a c t i o n .  The a c t i v a t o r  a s sa y  depends on p la sm in  p r e s e n t  w ith in  th e  

f i b r i n  p a r t i c l e s  w h ile  th e  p la sm in  a s sa y  depends c o m p le te ly  on th e  

enzyme in  th e  f l u i d  p h a s e . I t  i s  th u s  a  d i s t i n c t  p o s s i b i l i t y  t h a t  

th e  fo rm er i s  a much more e f f i c i e n t  f i b r i n o l y t i c  system  cau s in g  a 

more s e n s i t i v e  m easurem ent o f  a c t i v a to r  th a n  o f  exogenous p la sm in .
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A nother experim ent was perfo rm ed  in  which th e  f i b r i n o l y t i c  ac

t i v i t i e s  o f  p lasm in  in  s e v e ra l  c o n c e n tra t io n s  o f  PPF were o b ta in e d  

w ith  s ta n d a rd  a s sa y s  u s in g  LEFS a s  s u b s t r a t e .  A lso assay ed  i n  th e  

same manner were s e v e ra l  c o n c e n tra t io n s  o f  n o n a c tiv a te d  f r a c t io n  I I I - 3 .  

These r e s u l t s  a re  given in  F ig u re  1 3 . The a c t i v i t y  rem ained p ro 

p o r t io n a l  to  th e  c o n c e n tra t io n  o f  enzyme up to  a c o n c e n tra t io n  o f  

300 ug p e r  ml o f  r e a c t io n  m ix tu re . N o n ac tiv a ted  f r a c t io n  I I I -3  con

ta in e d  a  s ig n i f i c a n t  amount o f  p lasm in  a c t i v i t y .  The l a t t e r  o b se rv a

t io n  was i n t e r e s t i n g  s in c e  i t  in d ic a te d  t h a t  p la sm in  was p r e s e n t  i n  a 

n o n a c tiv a te d  p re p a ra t io n  which had no m easurab le  spontaneous a c t i v a t o r .  

The mechanism by which th e  h igh  p e rc e n ta g e  o f  p lasm in  a c t i v i t y  was 

formed in  n o n a c tiv a te d  f r a c t io n  I I I - 3  was n o t in v e s t ig a te d  in  t h i s  

s tu d y , b u t  i t  i s  w a ll known t h a t  p lasm inogen can r e a d i ly  undergo slow 

spon taneous a c t iv a t io n .

S ince  plasm a i s  known to  c o n ta in  s e v e ra l  p la sm in  in h i b i t o r s ,  i t  

was co n s id e red  a poor m a te r ia l  to  u se  f o r  t o t a l  p lasm in  a s s a y s .

Plasm a e u g lo b u lin  f r a c t io n s ,  how ever, a re  a c c e p ta b le . In  th e  n ex t 

experim en t, th e r e fo r e ,  th e  p lasm in  a c t i v i t y  o f  a e u g lo b u lin  p re p a ra 

t io n  (from  plasm a sample 9) was m easured a f t e r  p r e a c t iv a t io n ,  a t  

s e v e r a l  d i f f e r e n t  c o n c e n tra t io n s . The s ta n d a rd  a s sa y , w ith  LEFS as 

s u b s t r a te ,  was u sed  to  m easure th e  a c t i v i t i e s .  The r e s u l t s  o f  th e s e  

a ssay s  ap p ear in  F ig u re  l h .  A l i n e a r  resp o n se  s im i la r  to  t h a t  ob

ta in e d  w ith  th e  p lasm in  a s sa y s  perfo rm ed  on a c t iv a te d  f r a c t io n  I I I - 3  

was o b ta in e d . I t  was concluded t h a t ,  i n  th e  range t e s t e d ,  th e



1 0 40 60 
m i n u t e s

so 100



8 5

.50

tooobOO
PLASMIN



FIGURE 13

F ib r i n o ly t i c  A c t iv i ty  o f  P lasm in  

•  -  PPF as  t e s t  s o lu t io n
X -  n o n a c tiv a te d  f r a c t i o n  I H - 3  as  t e s t  s o lu t io n

A c t iv i ty  e x p re sse d  as  A  0 .D ./6 0  m in . o b ta in e d  in  a  s ta n d a rd  a s sa y  
w ith  in d ic a te d  f r a c t i o n  I I I - 3 p r e p a r a t io n  as t e s t  s o lu t io n  and LEFS 
a s  s u b s t ra te *  P lasm in  c o n c e n tr a t io n  ex p re sse d  i n  ug f r a c t i o n  H I - 3 /  
ml r e a c t io n  m ix tu re .
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FIGURE

E u g lo b u lin  P lasm in  A c t iv i ty

A c t iv i ty  e x p re s se d  a s  A 0 .D ./6 0  m in. o b ta in e d  i n  a  s ta n d a rd  a s sa y  
w ith  p r e a c t iv a te d  e u g lo b u lin  d i l u t i o n s  a s  t e s t  s o lu t io n s  and LEFS a s  
s u b s t r a t e .  E u g lo b u lin  c o n c e n tr a t io n  e x p re s se d  as  p e r c e n t  c o n c e n tra 
t i o n  (v /v )  e u g lo b u lin  i n  th e  r e a c t io n  m ix tu re .
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s o lu t io n s  i s  th e  a c t i v i t y  o f  p lasm in ogen . The a ssa y  system  i s  p re 

se n te d  in  Table 3* I t  i s  seen  th a t  a s e r i e s  o f  fo u r  stan dard  a s s a y s  

A, 3, C and D w i l l  p erm it com plete a ssa y  o f  th e  in d iv id u a l  f ib r in o 

l y t i c  components o f  th e  t e s t  s o lu t io n .  With a ssa y s  A and 3 p lasm in  

and p lasm in ogen  are  m easured. The l y t i c  a c t i v i t y  w ith  a ssa y  A i s  due 

to  preform ed p lasm in  (sp on tan eou s p lasm in ) while th a t  o f  assay 1 is 

due to  preform ed p lasm in  p lu 3  plasm inogen a c t iv a te d  in  th e  p resen ce  

o f  s tr e p to k in a s e  ( t o t a l  p la s m in ) . With a s s a y s  C and D a c t iv a t o r  and 

p r o a c t iv a to r  a r e  m easured. The l y t i c  a c t i v i t y  d e te c te d  w ith  a ssa y  C 

i s  due to  preform ed a c t iv a t o r  (sp on tan eou s a c t iv a t o r )  p lu s  preform ed  

p lasm in  i f  one o r  both  o f  th e se  e n t i t i e s  are p r e se n t  in  th e  t e s t  

s o lu t io n .  The l y t i c  a c t i v i t y  o b ta in ed  w ith  a ssa y  D i s  p r im a r ily  due 

to  a c t iv a t o r  formed in  th e  p r e sen ce  o f  s tr e p to k in a s e  p lu s  preform ed  

a c t iv a t o r  ( t o t a l  a c t i v a t o r ) .  A m inor p e r ce n ta g e  o f  the a c t i v i t y  i s  

due to  th e  t o t a l  p la a n ln  in  th e  t e s t  s o lu t io n .  The l y t i c  e f f e c t  o f  

t h i s  exogenous p lasm in  in  a ssa y  D i s  i n s ig n i f i c a n t  b ecau se  o f  th e  low  

p lasm in  a c t i v i t y  p r e se n t  in  th e  h ig h ly  d i lu t e d  e u g lo b u lin  used  in  

t h i s  a s s a y .

A s e r i e s  o f  e ig h t  e u g io b u lin s  (p rep ared  from plasm a sam ples 9 

through 16) were t e s t e d  w ith  th e  a ssa y  system  d e sc r ib e d  ab ove . The 

eugL obulin  p r e p a r a tio n s  were d i lu t e d  to  g iv e  th e  fo l lo w in g  concen

t r a t io n s  o f  e u g lo b u lin  in  th e  r e a c t io n  m ix tu res (e x p r e s s e d  as volume 

p e r c e n t ) :  a s sa y s  A and Ct 25 p e r c e n t;  a s sa y  3 , 1 2 .5  p e r c e n t , and

a ssa y  D, 0 .1  p e r c e n t . In  a ssa y s  B and D p r e a c t iv a te d  t e s t  s o lu t io n s
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e u g lo b u lin  f r a c t i o n  p la sm in  f i b r i n o l y t i c  a c t i v i t y  was p r o p o r t io n a l  to  

th e  c o n c e n tr a t io n  o f  th e  f r a c t i o n  i n  th e  r e a c t io n  m ix tu re s  and co u ld  

b e  u se d  to  c a lc u l a te  s p e c i f i c  p la sm in  a c t i v i t y  a s  3F u n i t s .

J .  T o ta l Assay o f  F ib r i n o ly t i c  Components

3ased  on th e  e x p e rim e n ta l ev id en ce  p r e s e n te d ,  th e  c o n c lu s io n  i s  

re a c h e d  t h a t  3FS can be u se d  to  a s sa y  a c t i v a t o r s  and LEFS to  a s sa y  

p la sm in . BFS i s  re s p o n s iv e  to  a c t i v a t o r s  b ecau se  o f  endogenous 

p lasm in o g en . LEFS r e q u ir e s  an endogenous so u rc e  o f  p la sm in  and i s  

n o t re sp o n s iv e  to  a c t i v a t o r s .  I f  s ta n d a rd  a s sa y s  u s in g  3FS a s  sub

s t r a t e  a r e  p erfo rm ed  w ith  n o n a c tiv a te d  t e s t  s o lu t io n s  and w ith  t e s t  

s o lu t io n s  a c t iv a te d  w ith  s t r e p to k in a s e ,  th e  l y t i c  a c t i v i t y  o b se rv ed  

i n  th e  fo rm er i s  a  m easure o f  " sp o n tan eo u s” a c t i v a t o r  a c t i v i t y ;  

w h ereas, th e  l y t i c  a c t i v i t y  o f  th e  l a t t e r  i s  a  m easure o f  " t o t a l "  

a c t i v a t o r  a c t i v i t y .  I f  s ta n d a rd  a s s a y s  u s in g  LEFS a s  s u b s t r a t e  a re  

p erfo rm ed  w ith  n o n a c tiv a te d  t e s t  s o lu t io n s  and w ith  t e s t  s o lu t io n s  

a c t iv a te d  w ith  s t r e p to k in a s e ,  th e  l y t i c  a c t i v i t y  o b se rv e d  i n  th e  

fo rm er i s  a m easure o f  "sp o n tan eo u s"  p la sm in ; w hereas, th e  l y t i c  

a c t i v i t y  o f  th e  l a t t e r  i s  a m easure o f  " t o t a l "  p la sm in . The d i f f e r 

ence i n  a c t i v i t y  m easured by s ta n d a rd  a s sa y s  w ith  BFS as  s u b s t r a t e  o f  

th e  s t r e p to k in a s e  a c t iv a te d  t e s t  s o lu t io n s  and n o n a c t iv a te d  t e s t  

s o lu t io n s  i s  e s s e n t i a l l y  th e  a c t i v i t y  o f  p r o a c t iv a to r .  The d i f f e r 

ence i n  a c t i v i t y  m easured by s ta n d a rd  a s sa y s  w ith  LEFS a s  s u b s t r a te  

o f  s t r e p to k in a s e  a c t iv a te d  t e s t  s o lu t io n s  and n o n a c tiv a te d  t e s t
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were used w h ile  in  a ssa y s A and C n o n a ctiv a ted  t e s t  s o lu t io n s  were 

u t i l i z e d .  The p r e v io u s ly  m entioned eu g lo b u lin  d i lu t io n s  were used  

because the f ib r in o ly t i c  response was in  th e  range where a c t i v i t y  

was p ro p o rtio n a l to  eu g lo b u lin  con cen tra tion  fo r  a l l  e ig h t  samples 

t e s t e d . These a c t i v i t i e s  were then converted  to  3F u n it s  in  order  

th a t a q u a n t ita t iv e  comparison o f  s p e c i f i c  a c t i v i t i e s  could  be made.

Any t e s t  s o lu t io n  r e s u lt in g  in  o p t ic a l  d e n s ity  in c r e a se  o f  .015  

or l e s s ,  which was con sid ered  w ith in  the error  o f  th e  standard a ssa y , 

was rep orted  as having no a c t i v i t y .  The r e s u l t s  o f  the experim ent 

are ta b u la ted  in  Table I t  was noted th a t  t o t a l  a c t iv a to r  a c t iv i t y  

(a ssa y  D) was from about 100 to  200 tim es g rea ter  than to t a l  plasm in  

a c t iv i t y  (a ssa y  3 ) .  S ix  o f  the e ig h t  eu g lo b u lin s  (sam ples 8 through 

lh )  had no measurable preformed p lasm in . The two eu g lo b u lin s  having  

m easurable amounts o f  plasm in w ith ou t p rev iou s s tr ep to k in a se  a c t iv a 

t io n  (a ss a y  A o f  sam ples 15 and 16) probably contained  m a ter ia l from 

p a t ie n ts  having one or more o f  th e  many reported  c l i n i c a l  co n d itio n s  

(136) where f ib r in o ly t i c  response i s  in c re a se d . Only one eu g lo b u lin  

had s ig n if ic a n t  spontaneous a c t iv a to r  a c t i v i t y  (a ssa y  G o f  sample 16) 

though t h is  a c t iv i t y  was a sm all f r a c t io n  o f  t o t a l  a c t iv a to r  a c t i v i t y .

In  the experim ent d escrib ed  above, e ig h t  eu g lo b u lin  fr a c t io n s  

prepared from plasma m ixtures o f  h o s p ita l p a t ie n ts  were assayed  ac

cording to  th e  scheme p resen ted  in  Table 3* The experim ent was per

formed in  order to  apply th e  a ssa y  scheme to  a p rep aration  commonly 

used in  plasma f ib r in o ly t i c  a s s a y s . The a c t i v i t i e s  ob ta in ed  are
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T a b l e  3

T o ta l A ssay o f  F ib r i n o ly t i c  Components in  Human E u g lo b u lin s

The Assay System

A ssay S u b s tr a te T e s t S o lu tio n A c t iv i ty

LEFS N o n ac tiv a ted
E u g lo b u lin

P lasm in

3 LEFS S tre p to k in a s e
A c tiv a te d
E u g lo b u lin

P lasm in  and 
P lasm inogen

3F3 N o n ac tiv a ted
E u g lo b u lin

P lasm in  and 
A c tiv a to r

D 3FS S tre p to k in a s e
A c tiv a te d
E u g lo b u lin

P lasm in , 
P lasm inogen , 
P r o a c t iv a to r  
and A c tiv a to r

C a lc u la t io n  o f I n d iv id u a l  A c t i v i t i e s

Comoonent C a lc u la t io n 1-

P lasm in A

Plasm inogen 3 -  A

A c t iv a to r C -  A

P r o a c t iv a to r D -  C + (3  -  A)2

2 C a lc u la t io n s  p erfo rm ed  w ith  a c t i v i t i e s  e x p re sse d  in  BF u n i t s  
C + (B -  A) i s  u s u a l ly  sm a ll compared to  D and in  m ost c a se s  may 

be ta k en  a s  z e ro .
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t a b u la te d  i n  T ab le  4-. I t  i s  e v id e n t  from  th e  r e s u l t s  o b ta in e d  t h a t  a l l  

fo u r  com ponents may be d e t e c t e d  by th e  a s s a y  sy stem  i f  th e y  a r e  p r e s e n t  

in  th e  t e s t  s o l u t i o n .  In  th e  m a jo r ity  o f  th e  e u g lo b u lin s  t e s t e d ,  how

e v e r , th e  two a c t i v e  com ponents, p la sm in  and a c t i v a t o r ,  w ere n o t p r e se n t  

in  th e  p reform ed  s t a t e  i n  m ea su ra b le  q u a n t i t i e s .

I t  i s  c o n s id e r e d  t h a t  th e  a s s a y  sy stem  u t i l i s e d  and d is c u s s e d  i n  

t h i s  ex p er im en t can b e  o f  s i g n i f i c a n t  v a lu e  i n  th e  c l i n i c a l  s tu d y  o f  

d is e a s e s  in v o lv in g  c l o t  fo rm a tio n  o r  d i s s o l u t i o n .  Many p r e v io u s  s t u d ie s  

have in d ic a t e d  an abnorm al f i b r i n o l y t i c  r e sp o n se  in  a v a r ie t y  o f  

d i s e a s e  s t a t e s .  The m a jo r ity  o f  th e se  s t u d ie s  f a i l  to  s p e c i f y  w hich  

o f  th e  f i b r i n o l y t i c  com ponents c a u se  th e  th r o m b o ly t ic  a b n o r m a lity . It 

i s  e v id e n t  t h a t  an in c r e a s e  i n  e i t h e r  sp o n ta n eo u s a c t i v a t o r  o r  p la sm in  

c o u ld  c a u se  a h ig h  d e g r e e  o f  l y t i c  a c t i v i t y .  A d e c r e a s e  in  e i t h e r  p r o -  

a c t i v a t o r  o r  p la sm in o g en  c o u ld  su p p r e ss  th e  f i b r i n o l y t i c  m echanism .

Hie a s s a y  sy stem  p r e s e n te d , u s in g  th e  two s u b s t r a t e s  BFS and LEFS, i s  

a m ethod w h ich  can be u sed  t o  s p e c i f i c a l l y  m easure p la sm in , p la sm in 

o g en , p r o a c t iv a t o r  and a c t i v a t o r .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  to  d e t e c t  

w hich o f  th e s e  e n t i t i e s  i s  p r e s e n t  in  abnorm al am ounts in  a c l i n i c a l  

c o n d it io n  in v o lv in g  th r o m b o ly t ic  p a th o lo g y . A more e n l i^ i t e n e d  ap

p roach  to  u n d e r s ta n d in g  and t r e a t in g  abnorm al th r o m b o ly t ic  c o n d it io n s  

i s  p o s s i b l e  when s p e c i f i c  q u a n t i t a t iv e  d a ta  i s  a v a i la b le  on th e  com

p o n e n ts  w h ich  com p rise  th e  f i b r i n o l y t i c  sy s te m .



. Table 4

F ib r in o ly tic  Components in  Plasma Euglobulins

Sample S p e c ific  A c tiv ity ^  S p e c if ic  A c tiv ity ^  of Component
in  Standard Assays Plasm in Plasm in- A ctiv a to r P ro-

A B C D  ogen a c t iv a to r

9 0 1 .75 0 253 0 1.75 0 251

10 0 1 .2 5 0 176 0 1 .2 5 0 174

11 0 1.17 0 246 0 1 .1 7 0 245

12 0 1.29 0 200 0 1 .2 9 0 200

13 0 1.78 .064 166 0 1.75 .064 164

14 0 1.12 .076 243 0 1.12 .076 241

15 .149 1 .93 .164 230 .140 1.79 .024 228

16 .2 1 6 1 .0 4 .292 216 .216 .82 .292 215

^■Reported in  BF u n its

oro
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p r o a c t iv a to r ,  a c t iv a t o r ,  p lasm in ogen  and p la sm in  in  e u g lo b u lin  f r a c 

t io n s  o f  human p la sm a . T his system  p r o v id e d  an e x tr e m e ly  s im p le  

and r e p r o d u c ib le  method f o r  th e  s tu d y  o f  th e  human f i b r i n o l y t i c  

system .



VI. CONCLUSION

B ecau se  b o v in e  f i b r i n  su s p e n s io n s  c o n ta in e d  la r g e  am ounts o f  

endogenous p la sm in o g en , th e y  se r v e d  a s  e x c e l l e n t  s u b s t r a t e s  f o r  th e  

a s s a y  o f  p la sm in o g en  a c t i v a t o r s .  T hese a c t iv a t o r s  tra n sfo rm ed  th e  

endogenous p la sm in o g en  to  p la sm in  w hich was d e t e c t e d  by i t s  a b i l i t y  

t o  r e l e a s e  a c id - s o lu b le  p r o t e o l y t i c  p r o d u c ts .

P lasm a a c t i v a t o r  and p r o a c t iv a t o r  w ere q u a n t i t a t i v e l y  a d so rb ed  

by th e  f i b r i n  s u s p e n s io n s  w h ile  u r o k in a se , th e  p la sm in o g en  a c t i v a t o r  

in  u r in e ,  was n o t .  R ate s t u d ie s  in d ic a t e d  t h a t  p lasm a a c t iv a t o r  

r e a c te d  s t o i c h i o m e t r i c a l l y  w ith  endogenous p la sm in o g en  in  th e  s u s 

p e n s io n s  w h ile  u r o k in a se  r e a c te d  in  a d i f f e r e n t  m anner. P lasm a  

e u g lo b u l in s ,  p r e v io u s ly  b e l ie v e d  to  c o n ta in  th e  m ajor p o r t io n  o f  th e  

f i b r i n o l y t i c  com ponents o f  w hole p la sm a , had from 39 p e r c e n t  to  79 

p e r c e n t  o f  th e  w h ole  p lasm a a c t i v a t o r  a c t i v i t y  in  e ig h t  sam p les  

t e s t e d  a f t e r  s t r e p t o k in a s e  a c t i v a t i o n .

L y s in e  s o l u t i o n s ,  b e c a u se  o f  t h e i r  p la sm in o g en  s o l u b i l i z i n g  

p r o p e r t i e s ,  e f f e c t i v e l y  e x tr a c t e d  th e  endogenou s p la sm in o g en  from  

b o v in e  f i b r i n  s u s p e n s io n s .  L y s in e - e x t r a c te d  b o v in e  f i b r i n  su sp e n 

s io n s ,  b e c a u se  o f  t h e i r  la c k  o f  en d ogenou s p la sm in o g en , w ere e f f e c t i v e  

s u b s t r a t e s  f o r  th e  a s s a y  o f  p la sm in .

W ith b o th  th e  l y s i n e - e x t r a c t e d  and th e  u n e x tr a c te d  b o v in e  

f i b r i n  s u s p e n s io n s ,  3 system  o f  fo u r  a s s a y s  was u t i l i z e d  to  d e t e c t

9 4
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