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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 rp 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  comple x  
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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ACh 4 40 4 10 2 × 10 -3 [LM 
pilocarpine 2 1 1 × l0 S [~M 
Fig. 2. Registrogram of the spontaneous heart beats of the isolated frog heart (Rana temporaria) and the effects of ACh, pilocarpine, 
and their combinations. Pilocarpine abolishes the depression of the heart beat by ACh, while pilocarpine as such also produces a depression 
and is able to protect the heart against large concentrations of ACh. Note a slight agonistic and mainly antagonistic action of pilocarpine. 

The  in t r ins i c  a c t i v i t y  (i.a.) is expressed  as  t h e  r a t i o  
b e t w e e n  t h e  m a x i m a l  r e sponse  of a d r u g  a n d  t h a t  of 
ace ty lcho l ine ,  whi le  t h e  a f f in i ty  s is expressed  as  a pD~ 
va lue ,  b e i n g  t h e  n e g a t i v e  l o g a r i t h m  of t h e  m o l a r  con-  
c e n t r a t i o n  w h i c h  p roduces  50% effec t  in  t h e  dose- response  
curve .  I n t r i n s i c  ac t iv i t i e s  a n d  pD~ va lues  a re  col lected in 
T a b l e  I. 

Since t h e  in t r ins ic  a c t i v i t y  a n d  t h e  a f f in i ty  a re  d e p e n -  
d e n t  on  t he  molecu la r  p rope r t i e s  of  b o t h  t he  d r u g  a n d  t he  
specific r ecep to r s  for  d i f f e ren t  biological  ob jec t s ,  a va r i a -  
t ion  in b o t h  p a r a m e t e r s  is possible.  I t  is logical  t h a t  t he  
d e p e n d e n c e  of t h e  in t r ins i c  a c t i v i t y  on  va r i ous  ob jec t s  
becomes  especial ly  e v i d e n t  as r ega rds  p a r t i a l  agon i s t sL  
I n  f ac t  i t  a p p e a r e d  f rom s tud ies  on  t h e  r e l a t i onsh ip  be- 
tween  s t r u c t u r e  a n d  a c t i v i t y  in  t h e  R F M e  a series t h a t  
P r F M e  3 is a p a r t i a l  agon i s t  in  t h e  r a t  in tes t ine ,  b u t  a 
c o m p e t i t i v e  a n t a g o n i s t  on  t h e  frog h e a r t ,  whe reas  on  t h e  
b lood  pressure  of t he  ca t  i t  is a pure  agon i s t  g. 

I t  m i g h t  the re fore  be expec t ed  t h a t  t he  in t r ins ic  a c t i v i t y  
of p i loca rp ine  on  t h e  frog h e a r t  is lower  t h a n  on  t h e  in-  
t e s t ine .  Th i s  also was  found  to  be  t h e  case ;  c o n s e q u e n t l y  
p i loca rp ine  o n  t h e  frog h e a r t  b e h a v e s  m a i n l y  l ike a t rop ine .  
P i l oca rp ine  p r e v e n t s  t h e  depress ion  of t h e  h e a r t  b e a t  as  
caused  b y  ACh (an tagon i s t i c  effect) ,  whe reas  as  such  i t  
depresses  t h e  h e a r t  a c t i o n  to  a s l igh t  degree  (agonis t ic  ef- 
fect) (see Fig. 2). L a r g e r  doses  p roduce  on ly  t he  s ame  s l igh t  
depress ion  w h i c h  impl ies  t h a t  t h e  in t r ins i c  a c t i v i t y  o n  
t he  f rog h e a r t  is on ly  a b o u t  0-2. Moreove r  p i loca rp ine  
abo l i shed  t h e  ef fec t  of h i g h  c o n c e n t r a t i o n s  of ACh in  a 
c o m p e t i t i v e  way.  As m a y  be  expec ted ,  t h e  r ecove ry  u n d e r  
p i loca rp ine  is no t ,  however ,  comple t e  (see Fig. 2). 

Also a n ico t in ic  ac t ion  ha s  been  asc r ibed  to  p i loca rp ine  1°. 
Since the  r a t  i n t e s t i ne  is no t  sens i t ive  to  n ico t in ic  ac t ions ,  

Table I. Effect in isolated or 

Drug 

ACh 
HFur I  
Pilocarpine 
Atropine 

ans 

Rat Intestine 

1 7-0 
1 5.9 

0.6-0.8 5-0 
0 8-7 

Frog Heart 

j i.a lpD lpA, 

1 7.1 
1 5-3 

0 " 1 ~ ' 2  3"8 
0 7"4 

a pD~ and pA 2 are mean values with a confidence range of 
0.1 above and below the number given 

Table II. Effects on the blood pressure of the c a t  

Drug 

ACh 
HFur f  
Pitocarpine 
Nicotine 

Parasympa- 
thomimetic 

action 

i.a. ]log affa 

1 9.8 
1 8-9 
1 7-3 

Ganglionic 
action 

i.a. llogaff.a 

1 5-8 
1 4-5 

- -  < 4  

1 6-3 

Ratio ps/g 
activity 

10 4 
3-10 4 

> 2 - I 0  z 

a Negative logarithm of equiactive molar concentrations 
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t h e  p a r a s y m p a t h e t i c  ac t ions  on  t h e  r a t  i n t e s t ine ,  how-  
ever ,  a re  n o t  d i s t u r b e d  b y  poss ib le  gangl ion ic  ac t ions .  
G a n g l i o n i c  ac t ions  m a y  be  o b s e r v e d  in  ob jec t s  which  are  
n o t  sens i t ive  to  p a r a s y m p a t h e t i c  ac t ions ,  as for  ins t ance  
t h e  b lood  pressure  of t h e  a t r o p i n i z e d  ca t .  P a r a s y m p a -  
t h o m i m e t i c  a n d  gang l ion ic  ac t iv i t i e s  were s tud ied  on  t he  
b lood  pressure  of t h e  c a t ;  t h e  r e su l t s  are  col lected in 
T a b l e  I I .  F r o m  t h i s  Table ,  i t  m a y  be  seen t h a t  t h e  
gang l ion ic  a c t i v i t y  of p i loca rp ine  is a c tua l l y  e x t r e m e l y  
low. 

T h e  m o d e  of a c t i o n  of p i locarp ine ,  howeve r ,  is s t i l l  more  
c o m p l e x  s ince  in  h igh  doses  ( >  1 raM) papaver ine - l ike  
ac t i ons  b e c o m e  a p p a r e n t  in  t he  in tes t ine .  On  t he  same  
objec t ,  p a p a v e r i n e  is ac t ive  in c o n c e n t r a t i o n s  of 10-* raM. 
This  impl ies  t h a t  p i loca rp ine  b e h a v e s  b o t h  as a n  agonis t  
a n d  as  a c o m p e t i t i v e  a n t a g o n i s t  in  low doses,  a n d  as a 
n o n - c o m p e t i t i v e  a n t a g o n i s t  in  h i g h  doses. 

P i l oca rp ine  is a n  e x a m p l e  of a p a r a s y m p a t h e t i c  d rug  
w i t h  a d u a l i s m  in ac t ion .  I t s  i n t r in s i c  a c t i v i t y  var ies  for  
d i f f e ren t  o r g a n s  a n d  species.  H e n c e  p i loca rp ine  is more  
m u s c a r i n i c  in  i t s  effect  on  c e r t a i n  o rgans  b u t  more  a t ro -  
p in ic  on  o thers .  

J .  M. VAN ROSSUM, w i t h  t he  a s s i s t ance  of 
M. J.  w .  J. CORNELISSEN, C. TH. P. I~E GROOT, 
a n d  J .  A. T m  M. HURKMANS 

Pharmacological Institute, R. C. University o[ Ni]megen 
(the Netherlands), January  13, 1960. 

A n i m a l s  of g roup  I rece ived  no  an t i b i o t i c s  a n d  a n i m a l s  
of g roup  t i  rece ived  0-5 g of A c h r o m y c i n  dai ly ,  2 d a y s  
p r i o r  to  t h e  o p e r a t i o n  a n d  t h r o u g h  t h e  p o s t - o p e r a t i v e  
per iod .  

I n  a t h i r d  g roup  of a n i m a l s  (3 dogs), l a p a r a t o m y  was  
p e r f o r m e d  us ing  t h e  s ame  t e c h n i q u e  app l ied  to  g roup  I 
a n d  I I  b u t  w i t h o u t  l iga t ing  t h e  h ep a t i c  a r t e r y  (cont ro l  
ex p e r i men t ) .  S G O T  was  e s t i m a t e d  accord ing  to  t h e  me-  
t h o d  of DUBACH ¢. 

As  r ega rds  g r o u p  I I I ,  no  rise in  e n z y m e  level  was  
de t ec t ed .  

A rev iew of  t he se  r e su l t s  ind ica tes  t h a t  h ep a t i c  a r t e r y  
l iga tu re  caused  a r ap id  l i be ra t i on  of t h e  e n z y m e  f rom t h e  
a n o x i c  l iver  cells in to  t h e  b lood s t r eam.  T h e  e n z y m e  level 
in  t h e  s e rum r each ed  a m a x i m u m  a f t e r  24 or  72 h. These  
r e su l t s  are  in  a g r e e m e n t  w i t h  d a t a  o b t a i n e d  w i t h  o t h e r  
t i s sues  l ike h e a r t ,  k idneys ,  a n d  lungs  a f t e r  l iga t ion  of t h e i r  
a r t e r i a l  s u p p l y  (LIONEL et al. ~). 

Table I. Animals of group I, SGOT units per ml 

h after operation 

0 6 ,,, 1~ 24 ] 48 I 72 I 96 

Dog I 
Dog I I 
Dog l t I  

25 28 42 65 
10 10 35 50 
15 17 28 55 

125 
160 
115 

132 
Died 
145 

Died 

Died 

Zusammen/assung 

Pi loca rp in  is t  e in  geeignetes  Beispie l  e iner  p a r a s y m p a -  
t h i s c h e n  S u b s t a n z  m i t  dua l i s t i s che r  \Vi rkung .  Auf  G r u n d  
de r  V a r i a t i o n e n  in  de r  E i g e n a k t i v i t i i t  ( in t r ins ic  ac t iv i ty )  
des  P i loca rp ins  a n  v e r s c h i e d e n e n  O r g a n e n  u n d  A r t e n  t r i t t  
e n t w e d e r  die p a r a s y m p a t h o m i m e t i s c h e  ode r  die p a r a s y m -  
p a t h o l y t i s c h e  W i r k u n g  in den  Vorde rg rund .  

Table II.  Animals of group II, SGOT units per ml 

Dog IV 
Dog V 
Dog VI 

Days before 0pc- 
operation ra- 

tion 
2 I 1 Day 

26 24 25 
15 17 16 
20 22 20 

Days after operation 

I 
95 t35 100 70 ] 44 32 26 
68 120 95 75 I 55 26 14 
58 110 80 60 40 28 19 

S e r u m  G l u t a m i c  O x a l o a c e t i c  T r a n s a m i n a s e  
a f t e r  H e p a t i c  A r t e r y  L i g a t u r e  

S e r u m  g l u t a m i c  oxa loace t i c  t r a n s a m i n a s e  (SGOT) is a 
v e r y  sens i t ive  i n d e x  of acu t e  necrosis  of m a n y  t issues,  
inc lud ing  t h e  hea r t ,  l iver,  k idneys ,  bowel,  a n d  lungs  
(LIONEL el al.1). 

E x p e r i m e n t a l  d e s t r u c t i o n  of l iver  t i s sue  b y  c a r b o n  t e t r a -  
ch lor ide  was  i n v e s t i g a t e d  b y  WROBLEWSKI a n d  LA D u E  2. 
T h e  level of S G O T  was  found  b y  the se  a u t h o r s  to  be  a 
h i g h l y  specific i n d e x  of h e p a t o c e l l u l a r  i n j u r y :  t h e  h e i g h t  
a n d  d u r a t i o n  of e n z y m a t i c  a c t i v i t y  was  p r o p o r t i o n a l  to  
t h e  a m o u n t  of c a r b o n  t e t r ach lo r ide ,  as  well  as  to  t he  
e x t e n t  of l iver  cell damage .  

L iga t i on  of t he  h e p a t i c  a r t e ry ,  w h i c h  was i n t r o d u c e d  
b y  1RHEINHOFF 3, is p e r f o r m e d  in E g y p t  in  t h e  t r e a t m e n t  
of  a d v a n c e d  cases of  h e p a t o s p l e n o m e g a l y  w i t h  asci tes.  I n  
v iew of t h e  f ac t  t h a t  t h e  r e su l t s  a re  con t rove r s i a l  a n d  t h e  
m o r t a l i t y  r a t e  is as  h i g h  as  20% (SHALABY 4, KHAIRYS), 
t he  p r e s e n t  work  was  u n d e r t a k e n  to s t u d y  t h e  effect  of 
t h i s  o p e r a t i o n  on  t h e  S G O T  level  in  a n  ef for t  to  assess t h e  
e x t e n t  of h e p a t o c e l l u l a r  d a m a g e  w h i c h  a c c o m p a n i e s  such  
a p rocedure .  

T h e  o p e r a t i o n  was  pe r fo rmed  on  s ix  dogs we igh ing  be-  
t w e e n  9 a n d  10 kg.  T h e  h e p a t i c  a r t e r y  was  l iga ted  d i s t a l  
t o  t h e  r i g h t  gas t r i c  b r a n c h .  The  a n i m a l s  were  d iv ided  in to  
t w o  g roups  of th ree .  
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