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to  t h e  t i m e  of c o n t a c t  b e t w e e n  c a t a l a s e  a n d  f i l t r a t e  
(Fig. 1 b) a n d  to  t h e  a m o u n t  of f i l t r a t e  used  (Fig. 1 c). A 
s p o n t a n e o u s  dec l ine  of t h e  i n h i b i t o r y  power  of  t h e  
p r e p a r a t i o n  was  o b s e r v e d  a f t e r  24 h s t a n d i n g  in t h e  cold  
(Fig. 1 d). T h e  a c t i v i t y ,  howeve r ,  was  r e s t o r e d  w h e n  t h e  
o v o m u c o i d  was  re -bo i led .  
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Fig. 1.-Anticatalase activity of ovomueoid. Effect of the time of 
boiling a, of the time of incubation b, of amount of filtrate c on inhi- 

bitory power; spontaneous decline of the inhibitory power d. 

F u r t h e r m o r e  lyoph i l i zed  or  e t h a n o l - p r e c i p i t a t e d  ovo-  
mueoid ,  w h e n  d i s so lved  in d i s t i l l ed  wa te r ,  p r o v e d  to  be  
i nac t i ve .  Aga in ,  a c t i v i t y  was  r e s t o r e d  b y  bo i l ing .  T h e  
s a m e  loss of a c t i v i t y  o c c u r r e d  as a r e s u l t  of a 48 h 
d ia lys i s  of o v o m u c o i d  a g a i n s t  d i s t i l l ed  w a t e r  a t  t he  r o o m  
t e m p e r a t u r e .  Boi l ing  of t h e  d i a lyzed  o v o m u c o i d  a f t e r  
a d d i t i o n  of a n y  one  of t h e  fo l lowing  sa l t s :  KC1, CaC12, 
MgC1 z, NaCl(0 .065 M) r e s t o r e d  t h e  a c t i v i t y .  T h e  sul- 
p h a t e s  of t h e  s a m e  c a t i o n s  were  ine f fec t ive  in b r i n g i n g  
a b o u t  t h e  a c t i v i t y .  

F r o m  t h e  a b o v e  i t  a p p e a r s  t h a t  o v o m u c o i d  can  
acqu i r e  b y  m e a n s  of bo i l ing  a new m o l e c u l a r  con f igu ra -  
t i on  w h i c h  s e e m s  to  be  r e s pons i b l e  for  i t s  a n t i c a t a l a s e  
a c t i v i t y .  D e n a t u r i n g  a g e n t s  o t h e r  t h a n  bo i l i ng  t h u s  f a r  
a s s a y e d  (X- rays ,  U V - r a y s ,  urea)  h a v e  p r o v e n  to  be  
ine f f ec t ive  in c a u s i n g  a n t i c a t a l a s e  a c t i v i t y  of o v o m u c o i d  
to  appea r .  

The  new  c o n f i g u r a t i o n  a p p e a r s  to  be  u n s t a b l e  as i t  
c a n  eas i ly  a n d  s p o n t a n e o u s l y  r e v e r t  to  t h e  a p p a r e n t l y  
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more  s t ab l e ,  i n a c t i v e  one. On t h e  o t h e r  h a n d ,  bo i l ing  of 
o v o m u c o i d  causes  a loss of i ts  a n t i - t r y p t i c  power .  

F u r t h e r m o r e  we h a v e  f o u n d  t h a t  b o t h  t r y p s i n  a n d  
c h y m o t r y p s i n  a t t a c k  t h e  " a c t i v e "  o v o m u c o i d  m u c h  
more  r e a d i l y  t h a n  t h e  " i n a c t i v e " .  T h i s  sugges t s  t h a t  
t h e  " a c t i v a t i o n "  of o v o m u c o i d  m a y  be  c o n s i d e r e d  as  
a p rocess  of r e v e r s i b l e  d e n a t u r a t i o n .  

T h e s e  o b s e r v a t i o n s  ra ise  t he  q u e s t i o n  w h e t h e r  t h e  
a n t i c a t a l a s e  a c t i v i t y  of k o c h s a f t  of t u m o r s  m a y  n o t  be  
due  to  a g l y c o p r o t e i n .  

We are indebted to Prof. A. MONROY, Institute of Comparative 
Anatomy, Palermo, for advice and suggestions. 

F.  ABRIGNANI a n d  V. MUTOLO 

Biological Department, Centro Tumori, Palermo, 
May I1, 1954. 

Riassunto 
L ' o v o m u c o i d e  a c q u i s t a  s p i c c a t a  a t t i v i t k  a n t i c a t a -  

l a s ica  d o p o  ebol l iz ione .  L ' o v o m u c o i d e  a t t i v o  d o p o  
l iof i l izzazione  o p r e c i p i t a z i o n e  a lcool ica  d iv i ene  i n a t t i v o ;  
l ' a t t i v i t A  v i ene  r i p r i s t i n a t a  con  n u o v a  ebol l iz ione .  
L ' o v o m u c o i d e  a t t i v o  a n c h e  dopo  dial is i  p e r d e  l ' a t t i v i t k  
che  v i e n e  r i a c q u i s t a t a  con  l ' a g g i u n t a  di sat i  e s u c c e s s i v a  
ebol l iz ione .  L ' a t t i v i t g  a n t i c a t a l a s i c a  & d o v u t a  a d  u n a  
n u o v a  con f igu raz ione  i n s t ab i l e  d e l l ' o v o m u c o i d e .  

Observations on the Metabol ism of Endogenous  
5 -Hydroxytryptamine  (Enteramine) in the Rat 

T h e  o r g a n i s m  of t h e  r a t  c o n t a i n s  a b o u t  125 /~g of 
5 - h y d r o x y t r y p t a m i n e ( 5 - H T )  pe r  k i l o g r a m  of b o d y  
we igh t ,  in  t e r m s  of f ree  b a s e :  34 /*g a re  p r e s e n t  in  t h e  
b lood ,  11 /*g in t h e  sp leen  a n d  80 #g  in t h e  g a s t r o i n t e s t i -  
na l  m u c o s a  1. 

In  n o r m a l  r a t  u r ine  an  indo le  c o m p o u n d  was  f o u n d  
w h i c h  is c h r o m a t o g r a p h i c a l l y  i n d i s t i n g u i s h a b l e  f r o m  
5 - h y d r o x y i n d o l e a c e t i c  ac id  ( 5 - H I A A ) .  

T h e  fo l lowing  s o l v e n t s  a n d  d e v e l o p i n g  a g e n t s  were  
u sed :  

(a) s o l v e n t s  : n - b u t a n o l  s a t u r a t e d  w i t h  N HC1 ; n - b u t a -  
no l - ace t i c  a c i d - w a t e r  m i x t u r e  (4 :1  : 5) ; n - b u t a n o l - m o n o -  
m e t h y l a m i n e  2 5 - 3 0 %  ( 8 : 3 ) ;  a m y l a l c o h o l - p y r i d i n e -  
w a t e r  (2 : 2 : 1). 

(b) d e v e l o p i n g  a g e n t s :  2 %  a l coho l  so lu t i on  of p-di-  
m e t h y l a m i n o b e n z a l d e h y d e  + HC1 v a p o u r s ;  HE~NRIC~ 
a n d  SCHULER'S N.N.C.D.  r e a g e n t  in 0.1 NHC1;  d i azo t i zed  
p - n i t r o a n i l i n e  + a m m o n i a  v a p o u r s  ~. 

F r o m  155 a d u l t  r a t s  w e i g h i n g  26.5 kg, 775 ml  of  u r ine  
were  co l ]ec ted  in a 12 h per iod ,  i.e. a b o u t  59 ml/kg/24 h. 
A t  t h e  s e m i q u a n t i t a t i v e  e s t i m a t i o n  t h e  u r ine  s h o w e d  a 
5 - H I A A  c o n t e n t  of a p p r o x i m a t e l y  1 .34/~g pe r  mi l l i l i te r ,  
viz. of 81.4 / tg /kg /24  h or  3.4 /~g/kg/h. 

I t  is h i g h l y  p r o b a b l e  t h a t  u r i n a r y  5 - H I A A  o r i g i n a t e s  
f rom t h e  o x i d a t i v e  d e a m i n a t i o n  of 5 -HT.  T h i s  s igni f ies  
t h a t  3.1 /*g/kg of  e n d o g e n o u s  5 - H T  are  e x c r e t e d  e v e r y  
h o u r  as 5 - H I A A  (1 m g  5 - H I A A  = 0.92 m g  5-HT) .  

On t h e  bas i s  of r e s e a r c h e s  on  t h e  f a t e  of e x o g e n o u s  
5 - H T  a d m i n i s t e r e d  b y  p a r e n t e r a ]  rou te ,  we m a y  s u p p o s e  
t h a t  on ly  one  t h i r d  of e n d o g e n o u s  5 - H T  can  be  r e c o v e r e d  
f rom u r ine  as 5 - H I A A .  T h e  r e m a i n i n g  two  t h i r d s  s e e m  
to  u n d e r g o  m o r e  p r o f o u n d  b r e a k d o w n  processes ,  pos s ib ly  
i n v o l v i n g  t h e  r u p t u r e  of t h e  indo le  r ing  8. 

1 V. ERSPAMER, Rend. sci. Farmitalia 1, 1 (1954); Ciba Found. 
Symposium on Hypertension, Churchill, London 1954, p. 78; Phar- 
macol. Rev. (in Press). 

2 V. ERSPAMER and G. BORETTI, Arch. int. Pharmaeodyn. 88, 
296 (1950). 

3 V. ERSPAMER, forthcoming publication. 
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W e  c a n  t h e r e f o r e  conc lude  t h a t  a b o u t  9-9 .5  /~g of 
5 - H T  are  d e s t r o y e d  e v e r y  h o u r  pe r  k i l o g r a m  of b o d y  
w e i g h t  ( =  216-236  /~g/kg/24 h) .  

T h e  a b o v e  q u a n t i t a t i v e  d a t a  m a y  be  t a k e n  as  a bas i s  
for  some  cons ide ra t i ons .  

(1) The  m e t a b o l i s m  of e n d o g e n o u s  5 - H T  is v e r y  i n t e n s e  : 
b lood  5 -HT could  be  r e n e w e d  e v e r y  3 ~  h,  i n t e s t i n e  
5 - H T  e v e r y  8 -9  h,  a n d  t h e  t o t a l  5 - H T  of  t h e  o r g a n i s m  
e v e r y  12-14  h. 

Th i s  m e t a b o l i c  r h y t h m  ru les  o u t  t h e  pos s i b i l i t y  of 
p l a t e l e t  5-HT,  i.e. v i r t u a l l y  of b l o o d  5-HT,  b e i n g  
s y n t h e t i z e d  a n d  i n c o r p o r a t e d  b y  t h e  p l a t e l e t s  a t  t h e  s i t e  
of t h e i r  f o r m a t i o n  x, s ince  t h e  life s p a n  of t h e  r a t  p l a t e l e t s  
is r e p o r t e d  to  be  a p p r o x i m a t e l y  3 to  4 d a y s  ~. No ev idence  
ex is t s  in f a v o u r  of a s y n t h e s i s  of 5 - H T  in t h e  m a t u r e  
c i r cu l a t i n g  p l a t e l e t s  3, wh ich ,  on  t h e  c o n t r a r y ,  seem to  
be  c a p a b l e  of  a b s o r b i n g  5 - H T  f r o m  p l a s m a  4. 

T h e  q u a n t i t a t i v e  d a t a  n o w  a v a i l a b l e  on  t h e  m e t a b o l i s m  
of e n d o g e n o u s  5 - H T  s t r o n g l y  s u p p o r t  ou r  o p i n i o n  t h a t  
t h e  s i te  of f o r m a t i o n  of 5 - H T  in  t h e  o r g a n i s m  is t h e  
e n t e r o c h r o m a f f i n  cell  s y s t e m .  

(2) T h e  w r i t e r  a n d  his  c o l l a b o r a t o r s  5 h a v e  s h o w n  t h a t  
in h y d r a t e d  r a t s  t h e  m i n i m u m  a n t i d i u r e t i c  dose of 5 - H T  
is as sma l l  as 4 /xg/kg, b y  s u b c u t a n e o u s  rou te .  

T h e  fa i lu re  b y  CORCORAN et al. s t o  c o n f i r m  t h e s e  
r e su l t s  m u s t  p r e s u m a b l y  b e  a s c r i b e d  t o  i n a d e q u a c y  in  
t h e i r  e x p e r i m e n t a l  p r o c e d u r e  a n d  to  t h e  i n su f f i c i en t  
n u m b e r  of e x p e r i m e n t a l  a n i m a l s  t h e y  h a v e  used.  

I f  we k e e p  in  m i n d  t h a t  in  t h e  r a t  o r g a n i s m  9-9 -5 /zg  of 
e n d o g e n o u s  5 - H T  are  i n a c t i v a t e d  e v e r y  hour ,  a n d  t h a t  
i n a c t i v a t i o n  r equ i r e s  of n e c e s s i t y  t h e  p re sence  of free 
s u b s t a n c e  in t h e  p l a s m a ,  we m u s t  conc lude  t h a t  t h e  
a n t i d i u r e t i c  a c t i o n  of 5 - H T  compl i e s  w i t h  al l  t h e  neces-  
s a r y  c o n d i t i o n s  to  c o n s i d e r  i t  as  t h e  " p h y s i o l o g i c a l "  
ac t ion  of t h e  s u b s t a n c e .  

R a t  s e r u m  c o n t a i n s  a n  a n t i d i u r e t i c  f a c t o r  of n o n -  
p i t u i t a r y  or igin,  ca l led  " s t a b l e  a n t i d i u r e t i c  s u b s t a n c e  ''~ 
T h i s  f a c t o r  h a s  b e e n  r e c e n t l y  i d e n t i f i e d  as 5 - H T  s, 

I t  is e n o u g h  to  i n j e c t  s u b c u t a n e o u s l y  1 m l  of s e r u m  
p e r  100 g of r a t  t o  r e d u c e  s i g n i f i c a n t l y  t h e  u r ine  flow. 
B u t  a g a i n  t h e  a m o u n t  of 5 - H T  p r e s e n t  in  t h i s  mi l l i l i t e r  
is n o t  g r e a t e r  (1-05 pg) t h a n  t h a t  w h i c h  is r e l ea sed  e v e r y  
h o u r  i n t o  t h e  c i r c u l a t i n g  p l a s m a  b y  t h e  e n t e r o c h r o m a f f i n  
cells. 

No b io log ica l  ac t ion ,  bes ides  t h e  a n t i d i u r e t i c  one,  ha s  
b e e n  so fa r  o b t a i n e d  w i t h  " p h y s i o l o g i c a l "  doses  of 5 -HT,  
i.e. w i t h  s u b s t a n c e  doses  of  t h e  o r d e r  of  t h o s e  w h i c h  
occu r  a n d  are  m e t a b o l i z e d  in t h e  o r g a n i s m .  

F r o m  al l  t h e  a b o v e  i t  s eems  to  us  t h a t  e v i d e n c e  is 
g r o w i n g  in f a v o u r  of t h e  h y p o t h e s i s  w h i c h  cons ide r s  
5 - H T  as a h o r m o n e  r e g u l a t i n g  t h e  f u n c t i o n  of t h e  k i dney ,  
p r e s u m a b l y  t h r o u g h  a n  i n t e r f e r e n c e  in t h e  c o n t r o l  of 
i n t r a r e n a l  h e m o d y n a m i c s .  
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(3) W e  be l ieve  t h a t  q u a n t i t a t i v e  e s t i m a t i o n  of u r i n a r y  
5 - H I A A  will  b e c o m e  in t h e  n e a r  f u t u r e  t h e  m e t h o d  of 
p r e f e r e n c e  for  i n v e s t i g a t i n g  t h e  r a t e  of 5 - H T  m e t a b o l i s m  
u n d e r  n o r m a l  a n d  p a t h o l o g i c a l  c o n d i t i o n s .  

I t  is h o p e d  t h a t  t h e  r e su l t s  of t he se  s t ud i e s  will 
s u b s t a n t i a l l y  c o n t r i b u t e  to  a more  c o m p l e t e  u n d e r s t a n d -  
ing  of t h e  b io log ica l  m e a n i n g  of 5 -HT.  

V. ERSPAMER 

Institute o/ Pharmacology, University o/ Bari, Italy, 
June 5, 1954. 

Zusammen/assung 

Der  R a t t e n u r i n  en thAl t  1,34 /~g 5 - H y d r o x y i n d o l y l -  
essigs~iure je K u b i k z e n t i m e t e r  (=  81,4 pg/kg/24 h).  Dar -  
au s  i s t  zu b e r e c h n e n ,  da s s  in  de r  R a t t e  t~iglich 216-236  
/*g/kg 5 - H y d r o x y t r y p t a m i n  m e t a b o l i s i e r t  w e r d e n .  Dies 
b e d e u t e t ,  dass  das  B l u t p l / i t t c h e n - 5 - H T  alle 3 -4  h u n d  
das  G e s a m t - 5 - H T  des O r g a n i s m u s  al le  12-14 h e r n e u e r t  
w e r d e n  wird .  

Die  e r h a l t e n e n  q u a n t i t a t i v e n  D a t e n  s i nd  haupts~tch-  
l ich im H i n b l i c k  a u f  die f rag l i che  B i l d u n g s s t e l l e  des 
5 - H T  u n d  die b io log i sche  B e d e u t u n g  de r  S u b s t a n z  sel- 
b e t  wich t ig .  

Zur Wirkung  yon  N a r k o t i n  auf den Hus ten -  
ref lex und auf die B r o n c h i a l m u s k u l a t u r  

Auf  de r  Suche  n a c h  H u s t e n m i t t e l n ,  die frei  von  zen- 
t r a l e n  N e b e n w i r k u n g e n  ( E u p h o r i c ,  S u c h t g e f a h r )  sein 
so l l ten ,  p r f i f t en  wir  u.a.  a u c h  N a r k o t i n .  Dieses  in be- 
t r~ ich t l i cher  Menge  im O p i u m  v o r k o m m e n d e  Alka lo id  
en thXl t  im  G e g e n s a t z  zu M o r p h i n  u n d  Code in  e inen  Iso- 
c h i n o l i n r i n g / ~ h n l i c h  wie P a p a v e r i n .  Sowei t  ~iltere U n t e r -  
s u c h u n g e n  f iber  N a r k o t i n  vor l i egen ,  e rwe i sen  sic eine 
k u r z d a u e r n d e  E r r e g u n g  de r  A t m u n g  h i n s i c h t l i c h  Fre-  
q u e n z  u n d  V o l u m e n  1 sowie  e ine  E r s c h l a f f u n g  g l a t t e r  
Muske l f a se rn ,  z u m  Beispie l  des  Darms* .  J e d e n f a l l s  f eh l t  
n a c h  den  v o r l i e g e n d e n  A n g a b e n  d e m  N a r k o t i n  eine 
n e n n e n s w e r t e  a n a l g e t i s c h e  ode r  n a r k o t i s c h e  %Virkung, 
w o r a u s  h e r v o r g e h t ,  dass  de r  N a m e  d e n  W i r k u n g s t y p u s  
ke ineswegs  t r i f f t .  N a r k o t i n  h a t  t h e r a p e u t i s c h  bis  j e t z t  
ke ine  B e d e u t u n g  e r l ang t .  

Die A u s l 6 s u n g  y o n  H u s t e n  e r fo lg te  a n  den  m i t  N u m a l -  
R o c h e  (45-55  m g / k g  i.p.) n a r k o t i s i e r t e n  K a t z e n  d u r c h  
m e c h a n i s c h e  R e i z u n g  d e r  S c h l e i m h a u t  de r  L u f t r 6 h r e .  
Zu d i e sem Zweck  f f ih r t en  wir  in  I n t e r v a l l e n  yon  2 bis 5 
min .  e ine H f i h n e r f e d e r  d u r c h  e inen  k l e inen  E i n s c h n i t t  in 
de r  L u f t r S h r e  b is  zu r  T e i l u n g  in die b e i d e n  H a u p t -  
b r o n c h i e n  ein.  Die  H u s t e n s t 6 s s e  r e g i s t r i e r t e n  wi r  m i t  
e iner  M a r e y - K a p s e l ,  die f iber  e inen  S e i t e n a r m  m i t  e iner  
im P h a r y n x  k n a p p  o b e r h a l b  des K e h l k o p f e s  be f ind l i chen  
Kanf i l e  v e r b u n d e n  war .  Als V e r g l e i c h s s u b s t a n z  wt th l ten  
wir  Codein ,  d e s s e n  h u s t e n s t i l l e n d e  V J i r k u n g  i m  Expe r i -  
m e n t  u n d  in de r  P r a x i s  u n b e s t r i t t e n  ist .  

U n s e r e  b i s h e r i g e n  V e r s u c h e e r g a b e n  das  f i be r r a schende  
E r g e b n i s ,  dass  d e m  N a r k o t i n  e ine  a u s g e s p r o c h e n  hus t en -  
s t i l l ende  W i r k u n g  z u k o m m t .  N a r k o t i n  v e r m i n d e r t e  ge- 
l e g e n t l i c h  s c h o n  in D o s e n  yon  0,1 m g / k g  da s  A u s m a s s  
de r  H u s t e n s t 6 s s e .  I n  D o s e n  v o n  0,5 u n d  1,0 m g / k g  u n t e r -  
d r f i ck te  N a r k o t i n  m e i s t e n s  den  H u s t e n r e f l e x  (s. Abb .  1). 

N a r k o t i n  e rwies  s ich  in  u n s e r e n  V e r s u c h e n  m i n d e s t e n s  
so s t a r k  h u s t e n s t i l l e n d  w i r k s a m  wie  Codein ,  das  den  
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