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in  local c o n c e n t r a t i o n s  of 0.03-0-01 ~g (con ta ined  in 0-1 ml  
phys io logica l  saline).  Thus ,  b r a d y k i n i n  B p r o v e d  v e r y  ac- 
t i ve  in  caus ing  inc reased  cap i l l a ry  p e r m e a b i l i t y  in  t h e  
guinea-p ig .  L a c k i n g  a n y  d i r ec t  c o m p a r i s o n  on  t h e  v e r y  
s ame  t e s t  o b j e c t  b e t w e e n  b B  and ,  for example ,  MILES' per-  
m e a b i l i t y  f ac to r  (PF/Di l )  ~, or t h e  m e d i a t o r s  desc r ibed  b y  
SPECTOR a n d  WILLOUGHBY 7 no  c o m p a r i s o n  is y e t  possible  
b e t w e e n  t h e  p e r m e a b i l i s i n g  a c t i v i t y  of e i t h e r  s u b s t a n c e .  

The authors are indebted to Miss E. HEITZ and Miss C. ZUBER for 
their valuable technical assistance during these experiments. 
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Pharmazeutische A bteilung der C I B A A ktiengesellscha/t , 
Basel, June 13, 1960. 

Zusammen/assung 

D i e  p h a r m a k o l o g i s c h c n  Ef fek te  (in vitro u n d  in vivo) 
eines d u r c h  E i n w i r k u n g  y o n  Sch l angeng i f t  (Bothrops 
~araraca) a u f  R i n d e r p l a s m a  e r h a l t e n e n ,  r e i n e n  B r a d y -  
k in ins  (B) w e r d e n  besch r i eben .  

Post  M o r t e m  Increase  of 5 - H y d r o x y t r y p t a m i n e  
in Rat Brain after 

5 - H y d r o x y t r y p t o p h a n  A d m i n i s t r a t i o n  

I n  severa l  a n i m a l  species  in jec t io  n of 5 - h y d r o x y t r y p t o -  
p h a n  (5HTP)  causes  a n  inc rease  of 5 - h y d r o x y t r y p t a m i n e  
(5HT) in t he  b r a i n  w h i c h  can  be  e n h a n c e d  b y  p r e t r e a t m e n t  
w i t h  m o n o a m i n e  ox idase  i nh ib i t o r s ,  e. g. i p ron i az id  1-4. 
Th i s  5 H T  a c c u m u l a t i o n  ha s  b e e n  a t t r i b u t e d  to  t h e  f ac t  
t h a t  5 H T P  eas i ly  p e n e t r a t e s  t h e  b r a i n  in  w h i c h  deca rb -  
o x y l a t i o n  occurs.  I n  p resence  of g r e a t  a m o u n t s  of 5 H T P  
t h e  f o r m a t i o n  of 5 H T  p r o b a b l y  exceeds  i t s  c a t a b o l i s m  so 
t h a t  t he  a m i n e  a c c u m u l a t e s .  Th i s  is p a r t i c u l a r l y  t h e  case  
w h e n  MAO is b locked.  

I n  t h e  p r e s e n t  p a p e r  i t  is s h o w n  t h a t  5 H T P  i n d u c e d  in-  
crease  of 5 H T  in  b r a i n  does  n o t  occur  in vivo oi~ly b u t  st i l l  
c o n t i n u e s  a f t e r  d e c a p i t a t i o n .  

Methods. Male W i s t a r  r a t s  f a s t i ng  for  16 h a n d  we igh ing  
60 to  80 g were  d e c a p i t a t e d  30 m i n  a f t e r  i. p. i n j ec t i on  of 
75 m g / k g  DL-5HTP.  P a r t  of t h e  a n i m M s  rece ived  100 rag /  
kg  ip ron iaz id  (i .p.) 161/2 h before  5 H T P .  T h e  b r a i n s  were  
homogen i zed  in 0.1 n HC1 e i t h e r  i m m e d i a t e l y  a f t e r  k i l l ing  
( shor tes t  i n t e rva l160  sec) or  a f t e r  t he  fol lowing p rocedure s  : 
(a) S to rage  of seve red  skul ls  a t  r o o m  t e m p e r a t u r e  a n d  

37°C in  c losed w e t  c h a m b e r s  for 1], t o  4 h.  
(b) S to rage  of whole  b r a i n s  r e m o v e d  i m m e d i a t e l y  a f t e r  

k i l l ing  in 0.1 n HC1 a t  r o o m  t e m p e r a t u r e  for  2 h. 
(c) D r o p p i n g  of t h e  skul ls  in to  l iqu id  n i t r o g e n  i m m e d i a t e l y  

a f t e r  d e c a p i t a t i o n ,  r e m o v a l  of t h e  f rozen b r a i n s  in  t h e  
cold r o o m  a n d  h o m o g e n i z a t i o n  in ice cooled 0-1 n HC1. 

An ima l s  n o t  t r e a t e d  w i t h  5 H T P  se rved  as cont ro ls .  
5 H T  was  d e t e r m i n e d  b y  a s p e c t r o p h o t o f l u o r o m e t r i c  me-  
t h o d  s. 

Results. (1) T h e  5 H T  c o n t e n t  of r a t  b r a i n  was  signif i-  
c a n t l y  h i g h e r  a f t e r  5 H T P  i n j e c t i o n  t h a n  in n o r m a l  ani -  
mals .  The  inc rease  of 5 H T  a m o u n t e d  to  63 :h 5% if t h e  
skul ls  were  d r o p p e d  i l i to  l iqu id  n i t r o g e n  or  to  59 4- 7 %  
in b r a i n s  t a k e n  o u t  a t  r o o m  t e m p e r a t u r e  a n d  h o m o g e n i z e d  
i m m e d i a t e l y  a f t e r  kil l ing.  T h e  d i f fe rence  is no t  s ign i f i can t  
(p 2> 0.05). I p r o n i a z i d  p r e t r e a t m e n t  e n h a n c e d  t h i s  5HT]? 
i n d u c e d  5 H T  inc rease  s ign i f i can t ly  (p < 0.01), (Figure ,  
t i m e  0). 

(2) I f  t h e  seve red  skul ls  were k e p t  a t  37°C before  h o m o -  
gen i za t i on  a f u r t h e r  c o n t i n u o u s  5 H T  rise in b r a i n  oc- 
cur red .  Th i s  was  t h e  case in  a n i m a l s  w i th  a n d  w i t h o u t  

ip ron iaz id  p r e t r e a t m e n t  before  a d m i n i s t r a t i o n  of 5 H T P .  
S to r ing  of t h e  skul ls  a t  r o o m  t e m p e r a t u r e  h a d  a s imi la r  
b u t  s o m e w h a t  less effect  (Figure) .  

(3) B r a i n s  of co n t ro l  a n i m a l s  w i t h o u t  a n y  t r e a t m e n t  
k e p t  for 2 h a t  37°C showed  a s ign i f i can t  5 H T  decrease  
d u r i n g  t h e  f i r s t  ha l f  h o u r  as c o m p a r e d  w i t h  n o r m a l  b r a i n s  
h o m o g e n i z e d  i m m e d i a t e l y  a f t e r  d e a t h .  I n  a n i m a l s  o n l y  
p r e t r e a t e d  w i t h  ip ron iaz id  i n c u b a t i o n  of t h e  b r a i n s  for  
2 h a t  37°C caused  no  s ign i f i can t  c h a n g e  in t h e  5 H T  con-  
t e n t  (Table) .  
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Post  mortem increase of 
5HT in brain of rats 
treated with 75 mg/kg 
5 - hydroxytryptophan 
i.p. 1[2 h before death. 

Abscissa. Time in h 
after decapitation. 0 ti- 
me = immediate remo- 
vM and homogeniza- 
tion after decapitation. 
Ordinate. Percentage 
5HT increase as com- 
pared with controls (C) 
not pretreated with 

5 I-tTP. 

Q) ...... O No treatment with iproniazid. Storage of skulls at 37°C. 
Q) ..... O i.p. injection of 100 mg/kg iproniazid 16l]z h before death. 

Storage of skulls at 37°C. 
O ..... O No iproniazid treatment. Storage of intact brains in 0.1 n 

HC1 at room temperature. 

Each point represents average of 8-10 single values wit h standard error. 
5 HT of 32 control rats (C) amounted to 0.5~ =[: 0.02/tg/g fresh 

weight of brain. 

Nopre eatmn 1100  180   821o3 
Iproniazid pre t rea tment  1 0 0 ± 4  98 4- 8 ~] ~ 2  

5 HT content in % of normal brains at various intervals after death. 
Incubation of intact brain at 37°C. 100 mg]kg iproniazid were 
administered i .p.  16 h before decapitation. Each figure represents 
the average value of 6 experiments with standard error. Brains re- 
moved immediately after decapitation (time 0) served as controls. 
The underlined values are significantly different from control values 

(p < 0.01). 
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(4) S to rage  of i n t a c t  b r a i n s  of 5 H T P - t r e a t e d  a n i m a l s  
for  2 h in  0.1 n HC1 a t  r oom t e m p e r a t u r e  caused  a signifi- 
c a n t  5 H T  increase  (118 ~= 11%)  as  c o m p a r e d  to  b r a i n s  
h o m o g e n i z e d  i m m e d i a t e l y  a f t e r  d e a t h  (53 :t= 1 0 % ;  p < 
0.01). Th i s  5 H T  rise was, however ,  s ign i f i can t ly  less t h a n  
t h a t  in  b r a i n s  k e p t  a t  r oom t e m p e r a t u r e  b u t  n o t  in  HC1 
(226 ± 22; p < 0.01). 

Discussion.  T h e  p r e s e n t  r e su l t s  w i t h  r a t  b r a i n  frozen 
or  h o m o g e n i z e d  i m m e d i a t e l y  a f t e r  d e c a p i t a t i o n  conf i rm 
t h a t  5 H T P  causes  a s ign i f i can t  5 H T  rise w h i c h  is m a r k e d l y  
. e n h a n c e d  b y  p r e t r e a t m e n t  w i t h  ip ron iaz id .  T h e  f ind ings  
show, however ,  t h a t  s to rage  of t h e  b r a i n  a t  r o o m  t e m p e r a -  
t u r e  or  a t  37°C a f t e r  d e a t h  causes  a f u r t h e r  cons iderab le  
5 H T  increase .  T h i s  r ise  c a n n o t  e v e n  be  comple t e ly  abol-  
i shed  b y  keep ing  t h e  i n t a c t  b r a i n  in  0.1 n HC1. 

I n  ear l ie r  e x p e r i m e n t s  t h i s  pos t  m o r t e m  rise of 5HT  
• m i g h t  n o t  h a v e  been  cons idered .  T h u s  t h e  r epo r t ed  va lues  

for  t h e  5 H T P  i n d u c e d  inc rease  of 5 H T  in  b r a i n  were  pos-  
s ib ly  too  h i g h  a n d  d id  n o t  r e f l ec t  t he  t r u e  c o n t e n t  i n  vivo. 
I n  o rde r  to  ge t  more  re l iab le  r e su l t s  i t  is necessa ry  to  
h o m o g e n i z e  t h e  b r a i n s  in  HC1 or to  freeze t h e  skulls  im-  
m e d i a t e l y  a f t e r  d e a t h .  

T h e  5 H T  a c c u m u l a t i o n  a f t e r  d e a t h  is p r o b a b l y  due  to  
c o n t i n u i n g  d e c a r b o x y l a t i o n  of i n j ec t ed  5 H T P  p e n e t r a t e d  
i n to  t h e  b ra in .  T h i s  agrees  w i t h  t h e  f ac t  t h a t  5 H T P  de- 
c a r b o x y l a s e  does  n o t  r equ i r e  o x y g e n  6-8. M o n o a m i n e  oxi-  
dase  ac t iv i ty ,  however ,  wh ich  s t r o n g l y  d e p e n d s  on  oxygen  
t en s ion  9 is p r o b a b l y  r educed  m a r k e d l y  a f t e r  d e c a p i t a t i o n  
so t h a t  t h e  n e w l y  fo rmed  5 H T  m o s t l y  a ccumula t e s .  The  
s l i gh t  dec rease  of 5 H T  in  b r a i n  of  u n t r e a t e d  an ima l s  
d u r i n g  t he  f i r s t  ha l f  h o u r  post mortem c a n  poss ib ly  be  a t -  
t r i b u t e d  to  a l imi ted  a m o u n t  of o x y g e n  sti l l  p r e sen t  which  
enab le s  a sma l l  MAO ac t iv i ty .  O t h e r  m e t a b o l i c  p a t h w a y s  
for  5 H T  seem n o t  t o  b e  i n v o l v e d  s ince t h i s  sma l l  d i sap-  
p e a r a n c e  of 5 H T  is b locked  b y  ip ron iaz id .  

K.  F. GEY a n d  A. PLETSCHER 

Pharmazeut i sche  A bteilung der F .  H o ] / m a n n - L a  Roche 
& Co, AG.,  Basel~ M a y  27, 1960. 

Z u s a m m e n / a s s u n g  

R a t t e n  m i t  u n d  o h n e  I p r o n i a z i d - V o r b e h a n d l u n g  er- 
h i e l t en  30 m i n  v o r  ] ) e k a p i t a t i o n  5 - H y d r o x y t r y p t o p h a n  
(5HTP)  i. p. Das  i n t a k t e  H i m  w u r d e  bis zu 4 h bei  37°C, 
Z i m m e r t e m p e r a t u r  u n d  in 0.1 n HC1 a u f b e w a h r t .  I n  a l len  
F~l len  e r g a b  s ich eine s t a r k e  p o s t m o r t a ! e  5 - H y d r o x y -  
t r y p t a m i n  ( S H T ) - V e r m e h r u n g  im Gehi rn .  

Bei  u n b e h a n d e l t e n  K o n t r o t l t i e r e n  zeigte  s ich pos t -  
m o r t a l  e in  l e i ch te r  5HT-AbfaLI i m  Geh i rn ,  d e r  d u r e h  
I p r o n i a z i d - V o r b e h a n d l u n g  a u f g e h o b e n  wurde .  

I t  h a s  been  found  t h a t  p rogress ive  e longa t ion  of t h e  
a l k y l c h a i n  in 2 - a l k y l - 4 - ( t r i m e t h y l a m m o n i u m ) m e t h y l -  1 : 3- 
d ioxo lane  (RFM%) causes  a g r a d u a l  decrease  in fi le in-  
t r ins ic  a c t i v i t y  a n d  c o n s e q u e n t l y  a g r a d u a l  c h a n g e  f rom 
p a r a s y m p a t h o m i m e t i c s  in to  p a r a s y m p a t h o l y t i c s  6. The  
in t r in s i c  a c t i v i t y  ~, be ing  h igh  (1) for  a mime t i c ,  low (0) 
for  a lyric,  a n d  i n t e r m e d i a t e  for  a p a r t i a l  agon i s t  *, is a 
m e a s u r e  for t h e  r a t io  of a g o n i s t i c - c o m p e t i t i v e  a n t a g o n i s t i c  
ac t ions .  T h e  t r a n s i t i o n  s u b s t a n c e  P r F M %  h a s  a n  in te r -  
m e d i a t e  in t r ins ic  a c t i v i t y  (0.5) a n d  h e n c e  e x e r t s  b o t h  a 
p a r a s y m p a t h o m i m e t i c  a n d  a p a r a s y m p a t h o l y t i c  in-  
f luence.  P r F M e  3 is a n  e x a m p l e  of a p a r t i a l  agon i s t  or  
c o m p e t i t i v e  dual is t .  

These  f ind ings  led to  t h e  suppos i t i on  t h a t  p i l oca rp ine  
m i g h t  b e  a n  e x a m p l e  of a n a t u r a l  dua l i s t i c  drug .  T h i s  im-  
plies t h a t  p i locarp ine  would  b e h a v e  b o t h  as a p a r a s y m p a -  
t h o m i m e t i c  a n d  a p a r a s y m p a t h o l y t i c  like P r F M e  a. Conse- 
q u e n t l y  p i loca rp ine  h a s  to  a c t  synerg i s t i ca l ly  w i t h  low doses  
of ace ty lcho l ine ,  b u t  c o m p e t i t i v e - a n t a g o n i s t i c a l l y  w i t h  
h i g h  doses  of ACh.  

As a p a r t i a l  agonis t ,  t h e  m a x i m a l  h e i g h t  of t h e  dose-  
r e sponse  c u r v e  of p i loca rp ine  on  t h e  i n t e s t i n e  shou ld  neces-  
sa r i ly  be a f r ac t ion  of  t h a t  of ace ty lcho l ine .  This ,  as a 
m a t t e r  of fact ,  a p p e a r e d  to  be  t rue ,  as m a y  be  seen f rom 
F i g u r e  1. T h e  m a x i m a l  response  of p i loca rp ine  is a c t u a l l y  
a b o u t  7 0 %  of t h a t  of a p u r e  p a r a s y m p a t h o m i m e t i c  s u c h  
as  ace ty l cho l ine  or  I u r m e t h o n i u m  (HFurf ) .  
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Fig. 1. a) Dose-response curve for the parasympathomimetic fur- 
methonium (HFurf). b) Dose-response curves for the partial agonist 
piloearpine in the presence of various doses of HFurf on the isolated 

gut of the rat. 
Note the parasympathonfimetic action of piloearpine in the absence 
of furmethouium and the competitive antagonistic action when the 
intestine is brought into contraction by high doses of furmethonium. 
When a contraction is produced by the agonist equal to the maxima| 
contraction possible with pilocarpine, the latter drug only displaces 
furmethonium from the receptors without altering the degree of 

contraction. 

A N e w  V i e w  o n  a n  O l d  D r u g :  P i l o c a r p i n e  

Pi loca r p ine  is one  of t h e  o ldes t  p a r a s y m p a t h o m i m e t i c  
drugs .  W h e r e  t h e  ac t ion  u p o n  t he  iris 1, t he  s a l iva ry  g lands ,  
t h e  swea t  g lands ,  a n d  i n t e s t i n a l  s m o o t h  muscle  is con-  
cerned ,  p i loca rp ine  sha re s  t h e  a c t i o n  of m u s c a r i n e  a n d  
ace ty l cho l ine  ~. T h e r e  are ,  howeve r ,  m a n y  r epo r t s  a f rom 
w h i c h  i t  a p p e a r s  t h a t  p i loca rp ine  h a s  a more  complex  
m o d e  of ac t ion .  Espec ia l ly  i t s  ac t ion  u p o n  t he  h e a r t  a n d  
t h e  sac ra l  p a r a s y m p a t h e t i c  n e r v e  end ings  is c o n t r a d i c t o r y  
to  t h a t  of m u s c a r i n e .  Moreover ,  t he  e f fec t  of m u s c a r i n e  
o n  t h e  h e a r t  c an  be  abo l i shed  b y  p i loca rp ine  in  l a rger  
doses  4. 
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