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b e g i n n i n g  on  t h e  6 th  day6,  s. Tile second phase  is t h e  
effector  phase  8. Suff ic ient  P G  m u s t  be ava i l ab le  a t  t h e  
g ra f t  s i te  to  p r o m o t e  t h e  d iapedes is  a n d  m i g r a t i o n  of 
m o n o c y t e s  in  b o t h  phases  a n d  a t  t h e  same t ime,  to  coun te r -  
b a l an ce  t h e  P G  a n t a g o n i s t  secre ted  b y  t u m o u r .  

T h e  above  cons ide ra t ions  obv ious ly  also ho ld  t r u e  for  
t h e  in jec t ion  of P G  in to  e s t ab l i shed  i.e. 6 -day  or  o lder  
t u m o u r .  A d m i n i s t r a t i o n  of P G  would  induce  t h e  in i t i a l  
p h a s e  on  t h e  6 t h -7 t h  d ay  an d  ti le second effector  phase  on  
t h e  1 3 t h - 1 4 t h  day.  B y  t h a t  t i m e  t h e  t u r n o u t  would  h a v e  
a t t a i n e d  a d i a m e t e r  of a t  leas t  20 m m .  The  a m o u n t s  of 
P G  requ i red  to  induce  an  effect ive  m o n o n u c l e a r  inf i l t ra -  
t i on  in to  t u r n o u t  of t h a t  size, would  h a v e  to  be  v e r y  large. 
Large  a m o u n t s  are l ike ly  to  be  poor ly  t o l e r a t ed  1~. 

F r o m  these  o b s e rv a t i o n s  i t  ap p ea r s  t h a t  t h e  PGs,  
p a r t i c u l a r l y  P G  A2, are capab le  of i n h i b i t i n g  t h e  i m p l a n t a -  
t i on  of t u m o u r  cells. T h e y  are  n o t  i nd i ca t ed  as a t r e a t m e n t  
of e s t ab l i shed  t u m o u r .  

Zusammen/assung. Allergische R e a k t i o n e n  werden  un-  
t e r  a n d e r e m  d u t c h  P r o s t a g l a n d i n  erzeugt .  Krebsgewebe  
p ro d u z i e r en  eine p r o s t a g l a n d i n h e m m e n d e  Subs tanz ,  u n d  
es wi rd  nachgewiesen ,  dass  grosse Dosen  y o n  P ro s t a -  
g l an d i n  diese S u b s t a n z  neu t r a l i s i e r en  u n d  eine aller- 
gische R e a k t i o n  n m  die Krebsze l l en  he rvor ru fen ,  w o d u r c h  
die I m p l a n t a t i o n  de r  Tumorze l l en  v e r h i n d e r t  wird.  
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Fig. 4. Two groups of rats inoculated with tumour suspended in 
PGA and PGE solutions within 24 h of birth. Normal turnout 
growth 3 weeks after inoculation. No difference in size between the 
PGA and the PGE group. 
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Nif lumic  Acid,  Prototype  of a Mult iact ion A n t i t h r o m b o t i c  Agent  1 

A n t i a g g r e g a t i n g  agents ,  an t i coagu lan t s ,  a n d  f ib r ino ly t i c  
enzymes  each  possess on ly  one single a n t i t h r o m b o t i c  
p rope r ty ,  t h u s  in t e r f e r ing  w i t h  j u s t  one  p h a s e  of t h e  
i n t r a v a s c u l a r  c lo t t i ng  process.  I n  th i s  c o m m u n i c a t i o n  t h e  
i n t e r e s t i ng  c o m b i n a t i o n  in pr inc ip le  of a n t i t h r o m b o t i e  
proper t ies ,  of t h e  a n t i r h e u m a t i c  drug,  Ni f lumic  acid 
(3 - f luo romethy l -3 -pheny lamino-2 -n ico t in i c  acid) ~ is re- 
po r t ed .  

Methods. E n h a n c e m e n t  of f ib r ino ly t i c  a c t i v i t y  i nduced  
b y  s t r e p t o k i n a s e  a n d  u rok inase  b y  Ni f lumic  acid (Sieg- 
fried, Zof ingen /Swi tze r l and)  was m e a s u r e d  w i t h  t h e  
r o t a t i n g  s t a n d a r d  clot  a. Th i s  cy l inde r - shaped  clot  can  be  
lysed on  one  end  only, t h u s  i m i t a t i n g  a smal l  h u m a n  
vessel  w h i c h  is comple t e ly  occluded b y  a t h r o m b u s .  The  
r a t e  of i ts  d i sso lu t ion  is r ead  in microl i ters .  Tile f ib r ino ly t i c  
a c t i v i t y  exe r t ed  b y  Ni f lumic  acid was assessed b y  
d e t e r m i n i n g  t h e  lowest  m o l a r i t y  i n d u c i n g  f i b r ino ly t i c  
d i sso lu t ion  of a h u m a n  h a n g i n g  p l a s m a  clot  4 a f t e r  24 h 
i ncuba t i on .  Clots were  s u s p e n d e d  e i t h e r  in  buf fe red  
sal ine p H  7.4 (BS) or h u m a n  p l a s m a  w h i c h  was hepa-  
r in ized  (1 un i t /m l )  in order  to  p r e v e n t  c lo t t i ng  caused  b y  
t he  t h r o m b i n  re leased f rom the  d i s so lv ing  clot.  On ly  

p l a s m a  w h i c h  dissolved w i t h i n  12 h w h e n  c lo t t ed  in 
presence  of 7.5 un i t s  s t r e p t o k i n a s e  was used. W i t h  t i le 
use of N~H~, t h e  h a n g i n g  clots  were  p r e i n c u b a t e d  in B S  
c o n t a i n i n g  2.5 m M  N , H  4 for  3 h before  Ni f lumic  ac id  
was added,  a n d  t h e  m i x t u r e  was t h e n  i n c u b a t e d  for  24 h.  
T h e  f ib r in  p la tes  were m a d e  f r o m  a 2.5% so lu t ion  of 
commerc ia l  h u m a n  f ib r inogen  ill BS.  Tile f ib r ino ly t i c  
a c t i v i t y  i nduced  in r a t s  b y  Ni f lumic  acid was assessed w i t h  
t h e  mic ro -eug lobu l in  lysis  t i m e  5, i t s  effect  on  col lagen- 
i nduced  agg rega t ion  of p la t e l e t s  in  p l a s m a  w i t h  t h e  D u a l  
Sample  Aggregomete r  6, an d  i ts  i n h i b i t i o n  of f ib r inogen-  
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Heart and Lung Institute USPHS, Bethesda, USA. 
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Table t. Enhancement by Niflumic acid of the fibrinolytie activity of streptokinase and urokinase. 

E X P E R I E N T I A  30/8 

Clot dissolved (~zl) Enhancement (%) 

Niflumie acid (3 mM alone) 
Streptokinase (5 U/ml alone) 
Streptokinase + Niflumic acid (3 mM) 
Urokinase (10 CTA U/ml aIone) 
Urokinase + Niflumie acid (3 mM) 

0 

14 
46 328 
12 
60 500 

Rotating standard clot method ~. Readings after 24 h incubation at 37 ~ 

induced  aggrega t ion  of h u m a n  e r y t h r o c y t e s  b y  a sed imen-  
t a t i o n  t e c h n i q u e  v. 

Resu l t s .  The  f ib r ino ly t i c  a c t i v i t y  of s t r e p t o k i n a s e  a n d  
oI u rok inase  is m a r k e d l y  e n h a n c e d  as m e a s u r e d  w i t h  
r o t a t i n g  s t a n d a r d  clot  b y  a c o n c e n t r a t i o n  of Ni f lumic  
acid which  does no t  a lone induce  f ibr inolysis .  This  is 
shown  in Tab le  I. 
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Fig. 1. Induction of fibrinolytic activity (shortening of the euglobulin 
lysis time) in a rat by the i.v. injection of 10 mg/kg Niflumic acid. 
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Fig. 2. Collagen-induced aggregation of human platelets in plasma. 
Antiaggregating effect of various concentrations (in raM) of Niflumic 
acid. Dual sample aggregometer% The first arrow ( ~ )  lndieates 
collagen addition to control euvets. The second arrow ( + ) indicates 
collagen addition to test curets containing various concentrations of 
Niflumie acid. Note the progressive inhibition of aggregation with 
increasing concentration of Niflumie acid. 

Ni f lumic  acid a lone in BS  induced  lysis of h a n g i n g  
p l a s m a  clots  a t  8 m M ,  and  in presence  of 2.5 m M  h y d r a -  
zinc a t  4 r aM.  N2H~ b y  i tself  does no t  induce  f ib r ino ly t i c  
ac t iv i ty .  Ni f lumic  acid, in  c o m b i n a t i o n  w i t h  N2H 4, is ill 
v i t ro  m u c h  more  powerfu l  in  d issolv ing p r e fo rmed  h u m a n  
p l a s m a  clots  t h a n  s t r e p t o k i n a s e  or n r o k i n a s e  are, as 
i nd i ca t ed  b y  Tab le  I I .  P r e f o r m e d  h u m a n  p l a s m a  clots  
were suspended  in 2.5 ml  of samples  of h u m a n  p l a s m a  
c o n t a i n i n g  e i the r  urokinase ,  s t r ep tok inase ,  or t h e  Ni- 
f lumic  acid-N2H 4 c o m b i n a t i o n .  The  h a n g i n g  clot  lysis 
was  recorded  a f te r  24 h i ncuba t ion .  Also, a f t e r  6 h 
i ncuba t ion ,  0.03 ml  of each  p l a s m a  sample  were appl ied  to  
h u m a n  f ib r in  p la tes  wh ich  were r ead  18 h later .  The  
p l a s m a  w i t h  s t r e p t o k i n a s e  and  u rok inase  exer ted  s t ronger  
f ib r ino ly t i c  a c t i v i t y  on  t h e  f i b r in  p la tes  t h a n  d id  t he  
p l a s m a  w i t h  Ni f lumic  acid plus  N~H 4, b u t  d id  no t  dissolve 
t he  pe r fo rmed  h a n g i n g  p l a s m a  clots.  I n  con t ras t ,  t h e  
p l a s m a  c o n t a i n i n g  Ni f lumic  acid p lus  N2H l lysed the  
p re fo rmed  h a n g i n g  p l a s m a  clot  comple te ly .  

N i f l u m i c  acid also sho r t ens  t he  euglobul in  lysis t i m e  
a f te r  i.v. i n j ec t ion  of 10 m g / k g  in to  r a t s  as shown in 
F igure  1 : 5 rain.  a f t e r  i n j ec t ion  t he re  is a m a r k e d  shor t en -  
ing of t he  eug lobul in  in  lysis t i m e  followed b y  a t e m p o r a r y  
r e b o u n d  effect  obse rved  in  all  an imals .  The  r e b o u n d  
effect  can  be  e l imina t ed  b y  p r e t r e a t m e n t  w i t h  N~H4, a 
p h e n o m e n o n  u n d e r  s tudy .  A l t h o u g h  th i s  I ib r ino ly t i c  
a c t i v i t y  in v ivo  is shor t - l ived ,  s imi la r  to  t h a t  i nduced  b y  
i.v. a d r e n a l i n  or n ico t in ic  acid, i t  revea ls  t h a t  f ib r ino ly t ic  
a c t i v i t y  is g e n e r a t e d  b y  Ni f lumic  acid in v ivo  as well  as in  
vi t ro .  

Col lagen- induced  agg rega t ion  of h u m a n  t h r o m b o c y t e s  
in  p l a s m a  is r educed  or p r e v e n t e d  b y  Ni f lumic  acid as 
shown in F igure  2. F u r t h e r m o r e ,  Ni f lumic  acid p r e v e n t s  
f ib r inogen- induced  agg rega t ion  of h u m a n  e ry th rocy tes ,  as 
d e m o n s t r a t e d  b y  t h e  fol lowing r e p r e s e n t a t i v e  d a t a :  
E r y t h r o c y t e  s e d i m e n t a t i o n  a f t e r  2 h (control) :  4 ram,  
E r y  + f ib r inogen ;  38 ram, E r y  + f ib r inogen  + Nif lumic  
acid, 0.01 r a M ;  40 ram,  0.05 r a M ;  8 mm,  0.1 r a M ;  2 ram.  

D i s c u s s i o n :  M a n y  b u l k y  n o n - s y m m e t r i c  organic  an ions  
induce  f ib r ino ly t i c  a c t i v i t y  w h e n  added  to h u m a n  p lasma 
in v i t ro  s b y  reduc ing  a n t i p l a s m i n  9 a n d  a n t i a c t i v a t o r -  
a c t i v i t y  10, endowing  a p ro t e in  f r ac t ion  w i t h  p l a sminogen  
a c t i v a t o r  a c t i v i t y  11, a n d  also i n h i b i t  to  var ious  degrees 
co l lagen- induced  aggrega t ion  of h u m a n  platelets12 

K.N. yon KAULLA, Arzneimittelforsch., in press. 
s K.N. voN KAULLA, in Chemical Control o/ Fibrinolysis-Thrombo- 

lysis. Theory and Clinical Applications (Ed, J.M. SCHOR; Wiley- 
Interscience, New York 1970, p. 1. 

9 K.N. voi~ KAULLA, Thromb. Diath. haemorrh. 9, 299 (1963). 
10 N. AOKI and K.N. KAULLA, Thromb. Diath. haelnorrh. 22, 261 

(1969). 
11 M. TOMII~AWA and Y. ABIKO, Thromh. Diath. haemorrh. 29, 50 

(1973). 
12 D. THILO and K.N. voN KAI~LI,A, J. reed. Chem. 13, 503 (1970). 
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Table IL Pr~f~r~l~Cl plasma elo~ dissolving v~csus fibria~lytie aeLivity. Ia~Ki~ieaey of streptokinase and urakinase as compared to Niflumic 
acid plus N2H 4 

Hanging clot in plasma containing Lysis of hanging plasma clot Fibrin plate Lysis area mm ~ 

Streptokinase (100 U/ml) none 156 
Urokinase (250 CTA U/m1) none 280 
12 mM Niflumie acid + 2.5 mM N2H 4 complete 139 

For readings, see text. 

Smal l  c o n c e n t r a t i o n s  of N2H 4 eI~hance t h e  f ib r ino ly t i c  
a c t i v i t y  i nduced  b y  s y n t h e t i c  compounds ,  in  p a r t  b y  a 
f u r t h e r  r e d u c t i o n  of a n t i p l a s m i n  a c t i v i t y  ~3. There  are 
2 t ypes  of s y n t h e t i c  c o m p o u n d - i n d u c e d  f ib r ino ly t i c  
ac t iv i t i e s :  in v i t r o  or ' chemica l ly '  i nduced  s and  in v ivo  or 
' ph a rmaco log i ca l l y '  i nduced  14. T he  v a s o a e t i v e  drug,  
n ico t in ic  acid, is a n  exam pl e  of th i s  ' pha rmaco log i ca l '  
t y p e  of c o m p o u n d s  wh ich  is i nac t i ve  in v i t ro .  Ni f lumic  
acid, a t r i f l u o r o - m e t h y l p h e n y l  a m i n o  d e r i v a t i v e  of 
n ico t in ic  acid as shown  in th i s  c o m m u n i c a t i o n ,  induces  
f ib r ino ly t i c  a c t i v i t y  b y  bo th  t he  ' chemica l  '~5 a n d  t he  
' pha rmaco log i ca l '  p a t h w a y ,  t h u s  d e m o n s t r a t i n g  t he  
poss ib i l i ty  to  des ign  drugs  i nduc ing  f ibr inolys is  b y  b o t h  
mechan i sms .  Ni f lumic  acid enhances  t h e  f ib r ino ly t i c  
a c t i v i t y  of b o t h  s t r e p t o k i n a s e  and  urok inase .  I t  is also of 
i n t e r e s t  t h a t  f ib r ino ly t i ca l ly  i nac t i ve  c o n c e n t r a t i o n s  of a 
congener  of Ni f lumic  acid, f lu fenamic  acid, e n h a n c e  v e r y  
m a r k e d l y  in v i t ro  t he  endogenous  I ib r ino ly t i c  a c t i v i t y  of 
p ig  p lasma ,  w h e n  I ib r ino ly t i c  a c t i v i t y  is gene ra t ed  in v ivo  
b y  a l iver  b y p a s s  ~6. F u r t h e r m o r e ,  as shown  w i t h  t he  model  
of h a n g i n g  clot  in  p la sma ,  Ni f lumic  acid is a m u c h  more  
effect ive  a g e n t  for d isso lv ing  p r e fo rmed  clots  t h a n  
s t r e p t o k i n a s e  or  urokinase .  This  d i f ference appea r s  to  be  
due  to  t he  smal l  molecu la r  size of Ni f lumic  acid, as 
c o m p a r e d  to  t he  large size of s t r e p t o k i n a s e  a n d  urokinase .  
Th i s  enab les  i t  to  diffuse qu ick ly  in to  t he  clot,  t h u s  
i n d u c i n g  f ib r ino ly t i c  a c t i v i t y  f rom w i t h i n  xv. The  fac t  t h a t  
Ni f lumic  acid possesses, in add i t i on  to  f ib r ino ly t i c  
p rope r t i e s  m e n t i o n e d  above ,  t he  ab i l i t y  to  p r e v e n t  

p la t e l e t  and  also e r y t h r o c y t e  aggrega t ion  wh ich  p l a y  a 
role in  t h r o m b u s  f o r m a t i o n  is, m a k e s  i t  a n  a t t r a c t i v e  
p r o t o t y p e  to  be used as a s t epp ing  s tone  for  t he  develop-  
m e n t  of o p t i m a l  m u l t i a c t i o n  a n t i t h r o m b o t i c  agents .  

Zusammenfassung. Niflums/iure ,  P r o t o t y p  eines mehr -  
fach w i r k e n d e n  a n t i t h r o m b o t i s c h e n  Med ikamen te s ,  in- 
duz i e r t  F ib r ino lyse  in v i t ro  u n d  in vivo,  h e m m t  E r y t h r o -  
zy ten-  u n d  T h r o m b o z y t e n a g g r e g a t i o n  u n d  i n d u z i e r t  e ine 
s t / i rkere  F ib r i no ly se  vo rgeb i lde t e r  Ger innse l  s is  S t r ep to -  
u n d  Urok inase .  

K. ~q'. V0N KAULLA 
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P o s s i b l e  Cel lular  Loca l i za t ion  of C h o l e c y s t o k i n i n - P a n c r e o z y m i n  

A n u m b e r  of e lec t ron-microscopic  s tud ies  were carr ied 
ou t  on  t h e  d u o d e n a l  mucosa,  a n d  a t o t a l  of 7 t ypes  of 
endocr ine  cells h a v e  b e e n  ident i f ied.  Accord ing  to  t he  
l a t e s t  c lass i f ica t ion x, t he  cell t ypes  in  ques t ion  are t he  
EC, S, EG,  I, D, D 1 a n d  G types .  However ,  t he  h o r m o n a l  
p r o d u c t  is k n o w n  on ly  w i t h  some of these  t ypes  of en- 
docr ine  cells. The  e n t e r o c h r o m a f f i n  (EC) cells p r o d u c t  is 
t h e  5 - h y d r o x y t r y p t a m i n e  2, t he  G t y p e  cells p r o d u c t  is t he  
ga s t r i n  3-5, t h e  S t y p e  cells p r o d u c t  is the  secre t in  6, ~, t he  
E G  t y p e  cells p roduce  t he  en te rog lucagon  2 a n d  t h e  D1 
t y p e  cells p roduce  t h e  gas t r ic  i n h i b i t o r y  p o l y p e p t i d e  ~. I n  
al l  t h e  cell t ypes  e n u m e r a t e d ,  w i t h  t he  excep t ion  of t h e  
E C  cells, t h e  p resence  of t he  h o r m o n e  ill t h e  cell was  
p r o v e d  b y  m e a n s  of specific an t i se ra ,  v i a  i m m u n o f l u o -  
rescence.  

The  h o r m o n a l  p r o d u c t  of t he  res t  of t he  cells ( the I)  
t y p e  cells and  t he  I t y p e  cells) is no t  known.  Theore t i ca l ly  
p r o b a b l e  are, bes ide  o the r  subs tances ,  f i r s t  of al l  t h e  
mo t i l i n  1~ a n d  t he  c h o l e c y s t o k i n i n - p a n c r e o z y m i n  (CCK- 
PZ)  n ,  i t  was  on  t he  duodena l  m u c o s a  t h a t  t he  2 subs t ances  
h a v e  b e e n  re l i ab ly  d e t e r m i n e d  b y  b iochemica l  analysis .  
App l i c a t i on  of a n t i s e r a  to  i den t i fy  t he  CCK-PZ in t he  

cells carr ies  w i t h  i t  a dange r  of non-specif ic  reac t ions ,  as is 
i nd ica t ed  ill works  of VAN~ORDEN and  1DEARSE lz, who  
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