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S y n t h e t i c  A c t i v a t o r s  o f  F i b r i n o l y s i s  w h i c h  
P o s s e s s  A n t i c o a g u l a n t  P r o p e r t y  

Dur ing  t i le search for be t t e r  t h romboly t i c  agents  i t  was 
observed  t h a t  cer ta in  syn the t ic  organic compounds  when 
dissolved and incuba ted  wi th  h u m a n  p lasma resul ted in a 
marked  f ibr inolyt ic  and  caseolyt ie  ac t iv i ty  i. The  f ibrino- 
ly t ic  a c t i v i t y  genera ted  in the  presence of these  com- 
pounds  is qui te  s table in con t ras t  to t h a t  induced by  en- 
zymes.  This  was, a t  least  par t ia l ly ,  expla ined by  the  
des t ruc t ion  of an t ip lasmin  3. There  is a c lear-cut  re la t ion-  
ship be tween  the chemical  s t ruc ture  of the compounds  and 
the i r  f ibr inolysis- inducing abi l i ty  TM. One essential  re- 
qu i r emen t  for a syn the t i c  compound  for p roduc ing  
f ibr inolyt ic  a c t i v i t y  appears  to  be  u large a symmet r i c  
anion car ry ing  one hydrophi l i c  side chain  and cer ta in  
hydrophob ic  subst i tuents .  I t  was found t h a t  some substi-  
t u t ed  salicylic acid der iva t ives  are in t he  t es t  t ube  qu i te  
ac t ive  ' f ibr inolysis- inducers ' .  F o r  serial  test ing,  a newly  
deve loped  procedure  was used s. The  me thod  is based on 
the  abi l i ty  of a solut ion of the  compounds  in buffered  
saline (pH 7.4) to  lyse on incuba t ion  pre formed clots ob-  
ta ined  by  recalcifica:~ion of h u m a n  c i t ra ted  p lasma.  
Table  I shows t h a t  by sys temat ic  modif ica t ion  of sub-  
s t i tuents  of the  salicylic acid molecule  increasingly more  
ac t ive  compounds  are  derived.  The  modif ica t ions  even tu -  
al ly produced  a more  t h a n  f if ty-fold increase of a c t i v i t y  
as compared  wi th  the  mo the r  compound.  I t  can  be as- 
sumed  t h a t  fu r the r  research will  yield compounds  w i t h  
h igher  a c t i v i t y  and  a the rapeu t i c  po ten t i a l i t y  as t h rombo-  
ly t ic  agents.  

The  assessment  of the  f ibr inolyt ic  po ten t i a l i t y  of syn-  
the t i c  organic  compounds  requires  serial  tes t ing  a t  
va r ious  molari t ies ,  because there  is an  op t ima l  range of 
concen t ra t ion  above  or below which t h e y  do no t  induce 
f ibr inolyt ic  ac t iv i ty .  Ortho-thymotic acid sodium sal t  
i l lus t ra tes  this  phenomenon .  I t  has  a range of fibrinolysis- 
induc ing  a c t i v i t y  f rom 0.03 to  0.01 M for the  m a j o r i t y  of 
p lasma clots.  W i t h  some p lasma clots the  effect ive range 
m a y  ex tend  to 0.04 or  drop to 0 .008M wi th  others.  
Ortho-thymotic acid sod ium sal t  also provides  a s t r ik ing 
example  of the  close re la t ionship  be tween  s t ruc tu re  and 
f ibr inolysis- inducing abi l i ty ;  shif t ing of its h y d r o x y l  
group f rom ortho- to para-position produces  a t o t a l l y  
ineffect ive  compound.  

P lasma  conta in ing  o - thymot ic  acid sod ium sal t  a t  ap-  
propr ia te  concent ra t ions  clots a f te r  recalcif icat ion and a 
s t ruc tu ra l ly  normal  clot  ( thrombelas togram) results.  
These clots tyse on incubat ion.  

Ortho-thymotic acid sod ium sal t  exhib i t s  well  an  in-  
te res t ing  p rope r ty  which is c o m m o n  to all syn the t ic  
organic  f ibr inolysis- inducing compounds  (so far ob- 
served) :  i t  exer ts  a conce : t t ra t ion-dependent  an t icoagu-  
l an t  effect  which var ies  to  some ex t en t  f rom plasma to  
plasma.  A represen ta t ive  an t i coagu lan t  and fibrinolysis 
expe r imen t  wi th  o - thymot ic  acid sod ium sal t  using the  
p lasma of a h e a l t h y  donor  is shown in Table  I I .  The  con- 
cen t ra t ion-depanden t  an t i coagu lan t  and  f ibr inolyt ic  el- 
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Table I. Fibrinolysis (clot lysis) by salicylic acid derivatives. Effect 
of modifications of substituents on activity 
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structure Name at 0.0M solution 
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fect  is c lear-cut .  The  p l a s m a  used  was  p u r p o s e l y  n o t  
d i l u t ed  b y  t he  reca lc i f ica t ion  t e c h n i q u e  u s e d L  

S y n t h e t i c  organic  c o m p o u n d s  w h i c h  e x h i b i t  b o t h  
f ib r ino ly t i c  a n d  a n t i c o a g u l a n t  a c t i v i t y  are b o u n d  to  h a v e  
t h e r a p e u t i c  po ten t i a l i t i e s  a n d  call  for  f u r t h e r  i nves t iga -  
t ion.  T h e i r  m e c h a n i s m  of ac t ion  is u n k n o w n  e x c e p t  to  s ay  
t h a t  i t  c a n n o t  be  d e m o n s t r a t e d  t h a t  t h e  c o m p o u n d s  
d i rec t ly  a c t i v a t e  pur i f i ed  h u m a n  p l a sminogen ,  a n d  y e t  a n  
a c t i v a t i o n  of t he  f ib r ino ly t i c  s y s t e m  of h u m a n  p l a s m a  

Table II. Anticoagulant and clot-dissolving properties of 0-thymotic 
acid sodium salt 

mg compound Mol Recalcification Clot dis- 
per ml plasma time (rain) solution 

after 24 h 
incuba- 
tion 

4.3 0.02 65 complete 
3.87 0.018 19 complete 
3.44 0.016 10 complete 
3.01 0,014 6 complete 
2.58 0.012 4.30 partial 
2.15 0.1 4 none 
1.72 0.008 4 none 

occurs.  The  c o m p o u n d s  are  poor ly  ac t ive  or  n o n - a c t i v e  
in bov ine ,  cat ,  dog, r abb i t ,  or  r a t  p l a sma .  As a work ing  
hypo thes i s ,  i t  is a s s u m e d  t h a t  t h e  f ib r ino lys i s - induc ing  
s y n t h e t i c  c o m p o u n d s  i n h i b i t  (or neu t ra l i ze )  a n  a n t i a c t i -  
v a t o r  of t h e  p l a s m i n o g e n  sys tem.  T h e y  are f u r t h e r m o r e  
capab l e  of i n h i b i t i n g  t h e  c lo t t i ng  process  a t  a ye t  un -  
d e t e r m i n e d  level  s . 

Zusammen/assung. D e r i v a t e  v o n  Sal icylsgure  a k t i v i e r e n  
i m  Reagenzg las  das  f ib r ino ly t i sche  S y s t e m  des menseh l i -  
chert  P l a s m a s  u n d  i iben  e ine  g e r i n n u n g s h e m m e n d e  Wir -  
k u n g  aus.  D u r c h  p lanm~ss ige  V e r ~ n d e r u n g e n  de r  Sub-  
s t i t u e n t e n  des  Salicyls~.uremolekii ls  ge lang  es, in  z u n e h -  
m e n d e m  Masse V e r b i n d u n g e n  m i t  s t e igende r  f ibr inoly-  
t i s che r  A k t i v i t ~ t  au fzuf inden .  Die g e r i n n n n g s h e m m e n d e  
u n d  f ib r ino ly t i sche  ~Virkung wi rd  a m  Beispie l  dee 
ortho-ThymotinsAure er lAuter t .  
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Cardiac Mitochondrial NADH2-Cytochrome c 
Reductase and Cytochrome Oxidase after 

Cardiopulmonary By-Pass  in D o g  1 

D u r i n g  a n d  a f t e r  e x t r a c o r p o r e a l  c i r cu l a t i on  procedures ,  
ca rd iac  m i t o c h o n d r i a l  succ ina te  d e h y d r o g e n a s e  a c t i v i t y  2, 
a n d  o x y g e n  c o n s u m p t i o n  r a t e  m e a s u r e d  b y  the  di f ferences  
b e t w e e n  c o r o n a r y  a r t e r i a l  a n d  v e n o u s  o x y g e n  c o n t e n t  of 
b lood  3 are  decreased.  Also, c e r t a i n  changes  in t h e  phys ico-  
chemica l  p rope r t i e s  of t he  a c t i n - m y o s i n  s y s t e m  are  ob-  
se rved  fol lowing h e a r t - l u n g  by -pas s  p rocedures  4 in  t h e  
dog. Howeve r ,  t h e  poss ibi l i t ies  of  m e t a b o l i c  d e r a n g e m e n t s  
in  ca rd i ac  sa rcosomes  are  n u m e r o u s L  Thus ,  i t  is necessa ry  
to  i n v e s t i g a t e  t h e  possible  changes  of m i t o c h o n d r i a l  func-  
t i on  a t  t he  N A D - N A D H ,  to  c y t o c h r o m e  c, a n d  a t  cy to-  
c h r o m e  c to  oxygen .  T h e  ca rd i ac  m i t o c h o n d r i a t  NADH~-  
c y t o c h r o m e  c r educ t a se  a n d  c y t o c h r o m e  ox idase  ac t iv i t i e s  
are s tud ied  s,7 a f t e r  pa r t i a l  h e a r t - l u n g  by-pass .  

Methods. A m e t h o d  of ca rd iac  m i t o c h o n d r i a l  e x t r a c t i o n  
is r epo r t ed  e l sewhere  s. T h e  de ta i l s  of i sovolemic  a n d  nor -  
m o t h e r m i c  p a r t i a l  c a r d i o p u l m o n a r y  by - pas s  pe r fus ion  
p rocedures  h a v e  also b e e n  r e p o r t e d  p rev ious ly  4. A t o t a l  of 
15 dogs of b o t h  sexes,  we igh ing  14 to  20 kg each,  are  
a n e s t h e t i z e d  w i t h  ch lora lose  (80 mg/kg) .  Of these ,  10 dogs 
are used as t he  e x p e r i m e n t a l  group.  Card iac  m i t o c h o n d r i a l  
c y t o c h r o m e  ox idase  is m e a s u r e d  accord ing  to  a modi f i ed  
m e t h o d  of SMITHL T he  r a t e  of o x i d a t i o n  of N A D H  2 b y  
c y t o c h r o m e  c ( p r o b a b l y  m e d i a t e d  b y  t h e  N A D H 2 - c y t o -  
c h r o m e  c r educ ta se  of MAHLER e t  al. 6) is s tud ied  b y  a 
m a c r o - o x y g e n  e lec t rode  (Clark type) ,  a spec ia l ly  des igned  
m a g n e t i c  s t i r r ing  r eac t i on  c h a m b e r  c o n t a i n e d  w i t h i n  a 

t e m p e r a t u r e - c o n t r o l l e d  w a t e r  b a t h  (a t o t a l  c a p a c i t y  of 
300 ml),  a n d  r eco rded  on  a B e c k m a n  160 Phys io log ica l  
Gas  Ana lyze r  (Palo Alto,  Calif. USA) .  T h e  w a t e r  in  t h e  
b a t h  is c i r cu la t ed  b y  a H a a k e  t h e r m o r e g u l a t o r  a n d  p u m p .  
T h e  r eac t i on  c h a m b e r  c o n t a i n s  O.05M p h o s p h a t e  buffer ,  
p H  7.4, 2 • 1 0 - S M  c y t o c h r o m e  c, a n d  1 .2-  1 0 - 3 M  
N A D H ~  in  a f ina l  v o l u m e  of 4.4 ml,  e q u i l i b r a t e d  for  10 
ra in  a t  25°C. The  r eac t i on  is s t a r t e d  b y  a d d i n g  0.1 ml  of 
m i t o c h o n d r i a l  su spens ion  (p ro te in  c o n c e n t r a t i o n  of  2.08 
to 3.4 m g  pe r  ml,  p H  7.4, in  0 . 1 7 M  p h o s p h a t e  bu f f e r  a n d  
0.25M sucrose  solut ions) ,  a n d  t he  o x i d a t i o n  r a t e  of 
N A D H z  is m e a s u r e d  for  10 m i n L  

Results and discussion. T h e  p r e s e n t  s t u d y  sugges t s  t h a t  
t h e  ca rd iac  m i t o c h o n d r i a l  c y t o c h r o m e  ox idase  a n d  t h e  
r a t e  of N A D H ~  o x i d a t i o n  b y  c y t o c h r o m e  c ( p r o b a b l y  
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