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Inhibitory Effect of Aromat ic  Diamidines  on Trypsin and Enterokinase 

The search for ever  s t ronger  inhibi tors  of t ryps in  and 
enterokinase led wi th in  a few years f rom ra ther  weak 
al iphat ic  amino and guanidino compounds  to the  h ighly  
effective der iva t ives  of benzamidine  ~-9. The  most  power- 
ful monocycl ic  a romat ic  compound  was found in p- 
amid inophenylpyruv ic  acid which also tu rned  out  to be 
an excel lent  inhibi tor  of thrombin ,  p lasmin and kalli- 
krein~~ Lately,  a t t emp t s  to fur ther  improve  on the  
s t rength  of the  inhibi tors  have  been directed towards  
benzamidine  der iva t ives  bear ing a second phenyl  residue. 
In  the  compounds  examined  so far the  2 benzene rings 
have  been connected by  ei ther  an ester l inkage or by  an 
e-o)-dioxyalkane bridge ~1, la-~. 

The depar ture  poin t  for the  inves t iga t ion  repor ted  here 
was the  previous  observat ion  t h a t  presence of 2 amidino 
groups in para posit ion on a single benzene ring (1,4- 
diamidinobenzene)  impar ted  only a modera te  degree of 
t ryps in- inh ib i tory  power, while presence of an amidino 
group ill para posit ion on each of 2 l inked benzene rings 
(4, 4 ' -d iamidinodiphenylamine)  led to an inhibi tor  even 
s tronger  t han  p-aminobenzamid ine  ~0. Addi t iona l  d iphenyl  
diamidines have  now been examined  for thei r  inh ib i tory  
ac t iv i ty  against  t ryps in  and enterokinase,  and all of t h e m  
were found to be marked ly  effective. The  results are of 
considerable interes t  because all the  diamidines  newly  
tested in this  s tudy  are being used in the  t r e a t m e n t  of 
cer ta in  protozoal  and fungal  diseases and because the  
mechan ism of act ion of the  drugs has never  been satis- 
factor i ly  explained. I n  the  l ight  of the  da t a  repor ted  
below one wonders  whether  the  pharmacologica l  effect 
could no t  be due to inhibi t ion of proteases in the  parasites.  
By  necessity, these hypo the t i ca l  enzymes would  have  to 
share specificity characteris t ics  wi th  t ryps in  and entero- 
kinase. 

Materials and methods. Bovine  t ryps in  (2 • crystall ized, 
salt-free) and bovine  t ryps inogen (1 X crystal l ized;  50% 
by  weight  proenzyme,  50% MgSO4) were obta ined f rom 
Mann Research Laborator ies ,  Inc. Porcine enterokinase 
(0.53 E .K .U . /mg ,  trypsin-free) or iginated f rom Calbio- 
chem. p-Aminobenzamidine-2HC1 was supplied by  
Cyclo Chemical, Divis ion of Travenol  Laboratories ,  Inc. 
4, 4 ' -Diamidinodiphenylamine-2HC1 w a s  purchased from 
K & K Laboratories .  All other  d iamidines  were products  
of May  & Baker  Ltd.  Thei r  mode of synthesis  and thei r  
chemical  and physical  characteris t ics  have  been de- 
scribed ~7-~1, and t h e y  Share this basic s t ruc tura l  formula  : 

HN%~ r~NH 

T h e  compounds  were the  following: s t i lbamidine  
isethionate  (4 ,4 ' -s t i lbenedicarboxamidine diisethionate),  
2 -hydroxys t i lbamidine  isethionate,  p ropamid ine  isethio- 
Hate (p, p ' - ( t r imethy lened ioxy)d i -benzamid ine  his (fl- 
hydroxyethanesulfQnate)) ,  2, 2 ' -d ibromopropamidine  is- 
e thionate ,  pen tamid ine  isethionate  (p,p'-(pentamethylene- 
dioxy)di -benzamidine  bis (f l -hydroxyethanesulfonate)) ,  
amicarbal ide  (3, 3 ' -d iamidinocarbani l ide  diisethionate),  
and M & t3 4596 (2,7-di(m-amidinophenyldiazoamino)-  
10-e thyl -9-phenyl-phenanthr id in ium chloride di HC1). 

The  ac t iv i ty  of t ryps in  was assayed by  using N ~- 
benzoyl-DL-arginine-p-nitroanil ide (BANA) as substra te  2,. 
The  react ion mixtures  consisted of 3.2 ml  of 0 .08M Tris- 
HC1 buffer  (pH 8.1) conta in ing 5 [xg trypsin,  0 .02M 
CaC12, var ious  concent ra t ions  of inhibi tor  and 5.7 • 10 -~ M 
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Double reciprocal plots according to LINEWEAVER 
and BUKK ~* demonstrating that 2,2'-dibromopro- 
pamidine is a competitive inhibitor of the hydrolysis 
of BANA by trypsin (A), and that amiearbMide 
inhibits enterokinase in a noncompetitive manner (B). 
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to 3 .4 •  1 0 - 3 M  BANA.  I n c u b a t i o n  was car r ied  ou t  for 
15 m i n  a t  37~ E n t e r o k i n a s e  was  d e t e r m i n e d  b y  i ts  
ab i l i t y  to  a c t i v a t e  t ryps inogen .  T he  a c t i v a t i o n  m i x t u r e s  
of 2 ml  of 0 . 0 2 M  p h o s p h a t e  buf fe r  (pH 5.8) c o n t a i n e d  
0.5 m g  en te rok inase ,  0.33-2.0 m g  t r y p s i n o g e n  a n d  va r ious  
a m o u n t s  of inh ib i to r .  A c t i v a t i o n  was  a l lowed to  proceed  
for  20 ra in  a t  25~ T he  t r y p s i n  fo rmed  was m e a s u r e d  
w i t h  B A N A  as subs t r a t e .  T he  i n h i b i t i o n  c o n s t a n t s  (Ki) 
for  t he  a m i d i n o  c o m p o u n d s  were o b t a i n e d  g raph ica l ly  b y  
p l o t t i n g  1/v aga in s t  i n h i b i t o r  c o n c e n t r a t i o n  a t  2 or 3 
d i f fe ren t  s u b s t r a t e  c o n c e n t r a t i o n s  23. W h i l e  these  g raphs  
were a l r eady  i n d i c a t i v e  of t he  c o m p e t i t i v e  or n o n c o m -  
pe t i t i ve  n a t u r e  of t he  inh ib i t ion ,  c o n f i r m a t i o n  of t he  t y p e  
of i n h i b i t i o n  was a lways  sough t  f rom d a t a  a r r a n g e d  in a 
doub le  rec iproca l  p lo t  accord ing  to  LINEWEAVER a n d  
BURK 24. 

Results and discussion. F r o m  t h e  Tab le  i t  is e v i d e n t  
t h a t  all  new d i a m i d i n e s  e x a m i n e d  were  s t ronge r  t r y p s i n  
i nh ib i t o r s  . t h a n  e i the r  p - a m i n o b e n z a m i d i n e  or  4 ,4 ' -  
d i a m i d i n o d i p h e n y l a m i n e ,  b o t h  of wh ich  were  inc luded  in 
t he  s t u d y  for  compar i son .  T he  l a s t  5 c o m p o u n d s  l i s ted  
also o u t r a n k e d  p - a m i d i n o p h e n y l p y r u v i c  acid, t h e  K i 
v a l u e  of wh ich  w i t h  B A N A  has  been  r epo r t ed  as 6.0 • 
1 0 - 6 M  ~. A m i c a r b a l i d e  a n d  M & B 4596, t he  on ly  2 
c o m p o u n d s  w i t h  t he  a m i d i n o  groups  in  t he  meta posi t ion,  
possessed cons iderab le  a c t i v i t y  aga ins t  en t e rok inase  b u t  
t h e y  were no t  able  to  m a t c h  t he  s t r e n g t h  of p - amid ino -  
p h e n y l p y r u v i c  acid (K i - -9 .7?< 10-TM) l~ I t  shou ld  be  
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"Compomld Trypsin Enterokinase 
K i (M) 

p-Amiuobenzamidine 1.7 • 10 .5 2.0 • 10 -~ 
4,4'-Diamidinodiphenylamine 6.4 • 10 -6 2.3 • 10-* 
2-Hydroxystilbamidine 6.2 • 10 .6 3.8 • 10 .4 
Stilbamidine ' 6.0 • 10 -6 1.2 • 10 -~ 
Amiearbalide 4.6 • 10 -G 3.0 • 10 ~ 
Propamidine 3.3 • 10 -6 1.3 • 10 -3 
Pentamidine 2.3 • 10 -6 9.5 • 10 * 
M & B 4596 1.9 • 10 -6 1.1 • 10 -5 
2, 2'-Dibromopropamidine 7.5 • 10 -7 5.0 • 10-* 

n o t e d  t h a t ,  overal l ,  t h e  i n h i b i t o r s  showed  no para l l e l i sm 
be tween  t h e i r  a c t i v i t y  aga in s t  t r y p s i n  on  t h e  one  h a n d ,  
a n d  aga ins t  en t e rok inase  on  t h e  o t h e r  h a n d .  Kine t ica l ly ,  
all amid ines  i n h i b i t e d  B A N A  hydro lys i s  b y  t r y p s i n  in a 
c o m p e t i t i v e  fashion,  whi le  aga ins t  en t e rok ina se  on ly  a 
n o n c o m p e t i t i v e  t y p e  of i n h i b i t i o n  was encoun te red .  Re-  
p r e s e n t a t i v e  k ine t ic  g raphs  are  d e m o n s t r a t e d  in t h e  
Figure.  

The  be s t  t r y p s i n  i n h i b i t o r  in  t h e  series here,  2, 2 '-di-  
b r o m o p r o p a m i d i n e ,  appea r s  to  possess a b o u t  60% of t he  
a c t i v i t y  of t he  s t ronges t  low-molecula r  we igh t  c o m p o u n d  
recorded  to date ,  i.e., 4 -guan id ino-benzo ie  acid 4 ' -n i t ro-  
b e n z y l  es ter  25. As a revers ib le  i n h i b i t o r  2, 2 ' -d ib romo-  
p r o p a m i d i n e  is a b o u t  equa l  in  p o t e n c y  to  t h e  m o s t  
effect ive  i nh ib i t o r s  p roduced  b y  BAKER and  ERICKSON 15,16 
which,  l ike 2, 2 ' - d ib romopropamid ine ,  are  also p h e n o x y -  
a lkoxy  de r iva t i ve s  of benzamid ine .  Most  of t h e i r  com- 
pounds ,  however ,  are  revers ib le  i n h i b i t o r s  on ly  ea r ly  
d u r i n g  t he  r eac t ion  w i t h  t r y p s i n  whi le  l a t e r  on  t h e y  
b e c o m e  cova l en t ly  b o u n d  to  t he  e n z y m e  due  to  t h e  pre-  
sence of a f l uo rosu l fony lbenzamide  m o i e t y  on  t h e  second 
p h e n y l  r ing  26. 

Zusammenfassung. A r o m a t i s c h e  D i a m i d i n o v e r b i n -  
d u n g e n  s ind  h o c h w i r k s a m e  H e m m s t o f f e  des Tryps ins .  
2 , 2 ' - D i b r o m o p r o p a m i d i n ,  die st~Lrkste de r  h ie r  un te r -  
s u c h t e n  V e r b i n d u n g e n ,  be s i t z t  gegeni iber  der  B A N A -  
H y d r o l y s e  eine I n h i b i t i o n s - K o n s t a n t e  yon  7 .6 •  10-7M.  
A m i c a r b a l i d  u n d  M & t3 4596 s ind  gu te  H e m m s t o f f e  de r  
En t e rok inase ,  doch  e r re ichen  sie die W i r k u n g  der  p- 
Amid inopheny lb renz t raubens~Lure  n ich t .  
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O x i d a t i v e  A c t i v i t y  of  L i m b i c  S t r u c t u r e s  D u r i n g  S e x u a l  C y c l e  in  R a t s  1 

I t  h a s  been  d e m o n s t r a t e d  t h a t  t he  oxygen  c o n s u m p t i o n  
of h y p o t h a l a m u s  undergoes  mod i f i ca t ions  d u r i n g  t h e  
sexua l  cycle in  ra ts~,3;  lower r e s p i r a t o r y  r a t e s  were 
obse rved  d u r i n g  d ies t rus  a n d  h ighe r  ones  d u r i n g  estrus .  
A p p a r e n t l y  t h e  h y p o t h a l a m i c  m e t a b o l i c  changes  are con- 
nec t ed  w i t h  t he  m e c h a n i s m s  t h a t  con t ro l  t h e  o v u l a t i o n  
a n d  w i t h  t h e  sexua l  h o r m o n e s  t h a t  induce  t h e  es t rus  
phase  ~. 

R e m e m b e r i n g  t h a t  t he  h y p o t h a l a m u s  is in r e l a t i on  
w i t h  t h e  l imbic  s t r u c t u r e s  a n d  t h a t  such  s t r u c t u r e s  
p a r t i c i p a t e  in  some w a y  in t h e  o v u l a t o r y  process  5, i t  
seems to  be  of i n t e r e s t  to  d e t e r m i n e  t h e  o x i d a t i v e  m e t a -  
bo l i sm of t h e  h i p p o c a m p u s  a n d  a m y g d a l a  in  female  r a t s  
d u r i n g  t h e  sexua l  cycle. 

Material and methods. W i s t a r  female  r a t s  were used. 
The  an ima l s  were fed on  t h e  s t a n d a r d  d ie t  of t he  Ca t ed ra  

de Fisiologia.  Vag ina l  smears  were  p e r f o r m e d  before  
sacrifice. The  an ima l s  were  d e c a p i t a t e d  a n d  t h e  amygda l a ,  
h i p p o c a m p u s  a n d  a s ample  of ce rebra l  co r t ex  r emoved .  
Oxygen  u p t a k e  was  d e t e r m i n e d  b y  W a r b u r g  m a n o m e t r y  
in  vessels of 12-15 ml  capac i ty ,  c o n t a i n i n g  3 ml  of 
K r e b s - R i n g e r  p h o s p h a t e  buffer ,  p H  7.4 a n d  7.7 m M  
glucose;  t h e  cen t r a l  well  c o n t a i n e d  0.2 ml  of s a t u r a t e d  
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