
15. VIII. 1961 Brevi comunicazioni - Brief Reports 351 

a n  den  P y r i d i n k e r n  (IV). D as  ~ussers t  kurz leb ige  s, sp i ro-  
cycl ische BENDER-Zwischenproduk t  (V) s t ab i l i s i e r t  s ich 
j e t z t  u n t e r  R i i c k b i l d u n g  des  P y r i d i n - S y s t e m s  zu den  E n d -  
p r o d u k t e n ,  Benzoes~ure  u n d  H y d r o x y m e t h y l - N - m e t h y l -  
p y r i d i n i u m e h l o r i d  (VI).  

Pr~ipara t ive  D u r c h f i i h r u n g  de r  a tka l i schen  H y d r o l y s e  in 
H ~ 8 0 - h a l t i g e m  W a s s e r  e r g a b  die v o m  sk izz ie r t en  Mecha -  
n i s m u s  geforder te ,  n o r m a l e  I s o t o p e n v e r t e i l u n g ;  in  d e r  
i so l ie r ten  Benzoes~ure  f i nde t  m a n  d u r c h  D e c a r b o x y l i e -  
r u n g  des Si lbersa lzes  ~ u n d  m a s s e n s p e k t r o m e t r i s c h e  A n a -  
lyse des CO 2 die HXlfte des im H,~sO e n t h a l t e n e n  s chweren  
Sauers to f f s  (vergle iche  Tabe l le  I I ) .  D i e / ~ h n l i c h k e i t  dieser  
E s t e r s p a l t u n g  m i t  de r  k i i rz l ich e n t d e c k t e n  o x y d a t i v -  
b r o m i e r e n d e n  H y d r o l y s e  yon  Tyros in -  u n d  T r y p t o p h a n -  
P e p t i d e n  s.7, u n t e r  Be te i l i gung  des  d e s a r o m a t i s i e r t e n  R ing -  
sys tems ,  i s t  augenf~l l ig .  

Summary. A s t r u c t u r a l  ana logue  of benzoy lcho l ine  is 
p r e p a r e d  in w h i c h  t he  t r i m e t h y l a m i n o  g roup  is rep laced  
b y  a py r id ine  r ing.  R a t e  m e a s u r e m e n t s  are p r e s e n t e d  to  
d e m o n s t r a t e  t h a t  t h e  p y r i d i n i u m  es te r  I unde rgoes  a lka -  
l ine hydro lys i s  f a s t e r  t h a n  t h e  chol ine  e s t e r  I I .  I t  is 
sugges ted  t h a t  t h e  a b n o r m a l  r a t e  is d u e  to  a n  u n u s u a l  
t y p e  of n e i g h b o u r i n g  g r o u p  effect  i n v o l v i n g  a n c h i m e r i c  
p a r t i c i p a t i o n  of t h e  p y r i d i n e  r ing.  
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K T A ,  Laboratorium Wimmis (Bern), und Physikalisch- 
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Tab. II. 2-Benzoyloxymethyl-N-raethyl-pyridiniumchlorid (I), alka- 
lische Hydrolyse in H2180 bei Zimmertemperatur, 22 und 70 h. An- 
satz: 1 mMol Ester + 10 ml 0,1-n NaOH-O is {1,09% 1sO); CO, aus 

Bombe: 0,207% 1sO. 

Versuch Nr. 1 2 3 4 

h 22 22 70 70 
Silbersalz, mg 138 137 142 112 
% zsO 0,51 0,50 0,54 0,53 

Substrate: 1. Benzoylcholin-chlorid, bezogen von Hoffmann-La Roche. 
2. Pyridyl-2-earbinylbenzoat-methoehlorid (I). Aus Pyridyl-2-earbi- 
nylbenzoat-hydroehlorid (Ia; F. 134-136 °, unkorr.) erhielt man das 
Methojodid (Ib; F. 185-186 °, unkorr.), und durch Ionen-Austauseh 
schliesslich das Chlorid I (F. unscharf, Zers. bei ca. 180 °) ; ffir Ia und I 

liegen gut stimmende CH, N- und Halogen-Analysen vor. 
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Observat ions  on the Fate of Oral 4 - H y d r o x y -  
t ryptophan  in Man z 

I t  is k n o w n  t h a t  4 - h y d r o x y t r y p t o p h a n  (4 -HTP)  is a n  
exce l l en t  s u b s t r a t e  for  m a m m a l i a n  d o p a d e c a r b o x y l a s e  z. 
T h e  u r ine  of r a t s  g iven  4 - H T P ,  b y  o ra l  or  s u b c u t a n e o u s  
rou te ,  c o n t a i n s  a n u m b e r  of 4 - H T P  me tabo l i t e s ,  a m o n g  
w h i c h  are  4 - h y d r o x y t r y p t a m i n e  (4-HT),  4 - h y d r o x y i n d o l e -  
ace t ic  acid (4 -HIAA) ,  a n d  t h e i r  O-g lucuron ides  3. 

Th i s  c o m m u n i c a t i o n  is i n t e n d e d  to  give a concise 
a c c o u n t  of t h e  f a t e  of 4 - H T P  g iven  b y  m o u t h  in m a n .  
T h r e e  doses  of 200, 500, a n d  1000 m g  of D L - 4 - H T P ,  dis- 
so lved  in  a l i t t l e  wa te r ,  were  inges ted  b y  one  of  us  (E.) a t  
i n t e r v a l s  of 7 days .  U r i n e  w as  col lec ted  a n d  m e a s u r e d  
e v e r y  h o u r  for 12 h,  a n d  t h e n  in  t h e  fol lowing 12 h per iod .  

C h r o m a t o g r a m s  of s u i t a b l y  c o n c e n t r a t e d  or d i l u t ed  
u r ine  were  ru n , u s ing  p r e v a l e n t l y  t h e  n - b u t a n o l :  ace t ic  
a c i d :  w a t e r  m i x t u r e  ( 4 : 1 : 5 )  a n d  4 - h y d r o x y i n d o l e  spo t s  
were deve loped  w i t h  t h e  N N C D  r e a g e n t  (2-ch loro-4-n i t ro-  
1 - d i a z o b e n z e n e - ~ - n a p h t a l e n e  s u l p h u r i c  acid) or  w i t h  
d iazo t i zed  p -n i t roan i l i ne .  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  
of 4 - H T P  a n d  4 - H I A A  was  ca r r i ed  o u t  on  p a p e r  c h r o m a t o -  
g r a m s  b y  v i sua l  c o m p a r i s o n  of t h e  spo t s  g i v e n  b y  d i f f e ren t  
a m o u n t s  of u r ine  w i t h  t h e  spo ts  g iven  b y  k n o w n  a m o u n t s  
of pu re  s y n t h e t i c  4 - H T P  or  4 - H I A A .  4 - H T  was  e s t i m a t e d ,  
b o t h  b y  p a p e r  c h r o m a t o g r a p h y  a n d  b y  b ioassay .  

I n  o rde r  b e t t e r  to  s e p a r a t e  a n d  ind iv idua l i ze  t he  4 - H T P  
m e t a b o l i t e s ,  pooled  u r ine  was passed  t h r o u g h  a n  a l u m i n a  
c o l u m n  a n d  e lu t ed  w i t h  descend ing  c o n c e n t r a t i o n s  of  
e t h a n o l .  

T h e  m a i n  re su l t s  m a y  b e  s u m m a r i z e d  as  fol lows:  
(a) ora l  DL-4-HTP, in  doses u p  to  1 g, h a d  no  obv i ous  
p h a r m a c o l o g i c a l  effects  in  m a n .  (b) 4 - H I A A  was b y  far  t he  

m o s t  i m p o r t a n t  m e t a b o l i t e  of 4 - H T P  found  in u r ine  a f t e r  
t h e  ora l  a d m i n i s t r a t i o n  of t h e  a m i n o  acid,  The  t o t a l  
a m o u n t  of free 4 - H I A A  was  95-100 m g  a f t e r  1000 m g  

mg 

30 

Z5 

Z0 

15 .... ! \  

, \ 
\ 

A/ 
/,::7 

Z 

I 1 I 
o olO00mg ~.-HPT 
o- - - -o  500rag ~. HPT 
~---.-o ~omg ~ HPT 

4 6 8 lOb 

Urinary excretion of 4-HIAA after oral administration, at 0 time, of 
209, 500, and 1000 mg of DL-5-HTP. 
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DL-4-HTP,53-55mgaf ter500mgDL-4-HTP,  a n d  2 2 - 2 4 m g  
a f t e r  200 m g  D L - 4 - H T P .  T he  exc re t i on  c u r v e  of 4 - H I A A  
in ur ine  is s h o w n  in t he  a c c o m p a n y i n g  Figure .  (e) On ly  a 
v e r y  smal l  a l i quo t  (1 .3 -2 .2%)  of t he  a d m i n i s t e r e d  a m i n o  
acid was  r ecove red  u n c h a n g e d  in t h e  ur ine ,  a n d  less t h a n  
1% as 4 -HT.  Th i s  is in c o n t r a s t  w i t h  t he  r e l a t i ve ly  h i g h  
a m o u n t s  of  4 - H T  found  in  r a t  u r i n e  u n d e r  s imi la r  ex-  
p e r i m e n t a l  cond i t ions .  T h e  presence  of O-g lucuronides  of 
4 - H T P ,  4 -HT,  a n d  4 - H I A A ,  as well as  of t h e  O - s u l p h a t e  
of 4 -HT,  is ques t ionab le .  (d) I n  a d d i t i o n  to  t h e  a b o v e  
m e t a b o l i t e s ,  h u m a n  u r ine  c o n t a i n e d  la rge  a m o u n t s  of  
a n o t h e r  i m p o r t a n t  4 - H T P  m e t a b o l i t e ,  pos s ib ly  a n  ac id  
c o n j u g a t e ,  t he  i d e n t i f i c a t i o n  of w h i c h  is in  progress .  

T h e  a b o v e  re su l t s  sugges t  t h a t  o ra l  4 - H T P  a n d  t h e  
4 - H T  o r ig ina t i ng  f rom i t  a re  a l r e a d y  m e t a b o l i z e d  to  a 
g r ea t  e x t e n t  in  t h e  i n t e s t i n a l  wal l  a n d  in  t h e  l iver .  Ve ry  
l i t t l e  4 - H T P  seems to  be  a v a i l a b l e  for  t h e  r e n a l  de-  
ca rboxy lase ,  as s h o w n  b y  t h e  smal l  a m o u n t  of 4 - H T  f o u n d  
in u r ine  4. 

.Riassunto. ~, s t a t o  s t u d i a t o  n e l l ' u o m o  il de s t ino  del  
4 - id ross i t r ip to fano  (4 -HTP)  s o m m i n i s t r a t o  pe r  bocca.  F r a  
i m e t a b o l i t i  u r i na r i  de l l ' aminoae ido  quel lo di g r a n  l u n g a  
pifi i m p o r t a n t e  ~ r i su l t a to  l ' ac ido  4- idross i indolace t ico  
( 1 0 - 1 2 %  f i fer i to  al  D L - 4 - H T P ) .  Sca r sa  ~ s t a t a  l 'e l imi-  
naz ione  u r i n a r i a  di 4 - H T P  i n a l t e r a t o  (1 ,3 -2 ,2%)  e a n c o r a  
pifi s ca r sa  que l l a  de l la  4 - i d r o s s i t r i p t a m i n a  (meno  d e l l ' 1 % ) .  
U n  u l t e r io re  i m p o r t a n t e  m e t a b o l i t a  del  4 - H T P ,  pre-  
s u m i b i l m e n t e  u n  e o n i u g a t o  a, cido, ~ in  corso di  iden t i f i ca -  
zione. 

V. ERSPAMER a n d  M. B. NOBILI 

Istituto di Farmacologia, Universith di Parma (Italy), 
Apr i l  28, 1961. 
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Rat Serum para-Phenylene Diamine Oxidase 
Reaction During Azo Dye Carcinogenesis 

NEmH 1 r epo r t ed  t h a t  t h e  para-pheny lene  d i a m i n e  
ox idase  (copper  oxidase)  a c t i v i t y  of r a t  se rum,  as eva lu-  
a t e d  b y  t h e  m e t h o d  of RAVIN ~, was  g r e a t l y  d i m i n i s h e d  
for  a pe r iod  of four  days  a f t e r  in j ec t ions  of t h e  s t r o n g  
h e p a t o c a r c i n o g e n s  3 ' - m e t h y l  a n d  4 ' - e t h y l - d i m e t h y l -  
a m i n o a z o b e n z e n e  ( 5 ' - M e D M A A B  a n d  4"-e t -DMAAB).  
T h e  feeble ca rc inogen  4 ' - M e D M A A B  d id  n o t  h a v e  t h i s  
ef fec t  a n d  i n j ec t i on  of 16 rag/100 g r a t  in  0.6 m l  a r ach i s  oil  
c aused  a n  increase  o v e r  a 2 - 4  d a y  per iod.  H e  also showed  
t h a t  t h e  i n j ec t i on  of  power fu l  ca rc inogen ic  azo dyes  
g r e a t l y  r educed  t h e  c o p p e r  levels  in  t h e  r a t  s e r u m  a f t e r  
72 h.  F r o m  a f u r t h e r  s t u d y  NEISH 3 conc luded  t h a t  a n y  
c o m p o u n d  w h i c h  is found  to  suppres s  t h e  coppe r  ox idase  
u n d e r  t h e  e x p e r i m e n t a l  cond i t i ons  descr ibed  m a y  be  
suspec t  as a p o t e n t i a l l i v e r  carc inogen .  

I n  ou r  l a b o r a t o r y  HOWELL ~ showed  t h a t  feeding c o p p e r  
a c e t a t e  to  r a t s  {6 m g / d a y  in t he  c a n c e r - i n d u c i n g  d ie t  con-  
t a i n i n g  D M A A B )  g r ea t l y  i n h i b i t e d  t h e  p r o d u c t i o n  of l iver  
t u rnou t s .  Because  of t h e  r e l evance  of t h i s  f ind ing  to  t he  
work  of NEIS~I we h a v e  c o n d u c t e d  e x p e r i m e n t s  on  t h e  
effects  of l o n g - t e r m  feeding of t h e  dye  a n d  coppe r  ace t a t e ,  
s e p a r a t e l y  a n d  in  c o m b i n a t i o n ,  on  t h e  s e r u m  coppe r  oxi-  
dase,  a n d  also on  t h e  effects  of a d m i n i s t e r i n g  t he  p r i m a r y  
m e t a b o l i c  p roduc t s ,  viz ; m o n o m e t h y l a m i n a z o b e n z e n e  
a n d  a m i n o a z o b e n z e n e ,  a n d  of t he  f u r t h e r  me tabo l i t e s ,  
p - a m i n o p h e n o l  a n d  p - p h e n y l e n e  d iamine .  

P r e l i m i n a r y  t e s t s  c o n f i r m e d  NEISH'S o b s e r v a t i o n s  on  
t h e  effects  of  azo dye  i n j ec t i on  in a rach i s  oil. 

D u r i n g  t h e  course  of these  i nves t i ga t i ons  i t  was  ob-  
s e r v e d  t h a t  t he  e n z y m e  r e a c t i o n  was  v e r y  sens i t i ve  to  t h e  
c o n c e n t r a t i o n  of a c e t a t e  in  t h e  buffer .  Thus ,  a t  c o n s t a n t  
p H  5.5, a c h a n g e  in  t he  c o n c e n t r a t i o n  of t h e  s o d i u m  a c e t a t e  
f r o m  4 .15% to  0 .95% re su l t ed  in  t h e  decrease  of  t h e  
op t i ca l  d e n s i t y  f rom 0.43 to  0.21 a t  530 m v ,  a l t h o u g h  a n  
a l t e r a t i o n  in  t h e  p H  w i t h  t h i s  buf fe r  s y s t e m  f r o m  p H  6.1 
to  5.1 m a d e  p r ac t i c a l l y  no  d i f ference  to  t h e  e n z y m e  
ac t i v i t y .  I t  was  i m p o r t a n t ,  the re fore ,  in  t h e  long  t e r m  
e x p e r i m e n t s  to  check  t h e  p rope r t i e s  of new buf fe r  so lu t ions  
a g a i n s t  t h e  ex i s t i ng  s tock,  

Long term azo dye ]ceding tests. I n  one  e x p e r i m e n t  
3 g roups  of 5 r a t s  were  employed .  One  g roup  w as  fed a 
bas ic  maize  d ie t  s imi la r  to  t h a t  u t i l ized b y  I-[OWELL 4, t h e  
second  g roup  was  fed D M A A B ,  6 m g / d a y  in th i s  diet ,  a n d  
t he  t h i r d  g roup  was  g iven  t he  same  a m o u n t  of dye  w i t h  

t he  a d d i t i o n  of 6 m g  coppe r  a c e t a t e / d a y .  A carefu l  c h e c k  
on  t he  da i ly  c o n s u m p t i o n  of t h e  food, a n d  per iod ic  
weigh ing  of t h e  an imals ,  w h i c h  were  120-160 g w e i g h t  
in i t ia l ly ,  d e m o n s t r a t e d  t h a t  t h e  chemica l s  were  sa t i s -  
fac tor i ly  c o n s u m e d  a n d  t h a t  t h e r e  was no  u n d u e  i n h i b i t i o n  
of t h e  g r o w t h  of t he  an imal s ,  al l  of w h i c h  s u r v i v e d  more  
t h a n  20 weeks. 

I t  was  found  t h a t  a f t e r  one  week,  a n d  t h e r e a f t e r  o v e r  
t he  whole  per iod,  t he  s e r u m  ox idase  va lues  were con-  
s i s t e n t l y  lower  in  t he  dye- fed  g roup  t h a n  in t h e  c o n t r o l  
maize- fed  a n i m a l s  a n d  t h a t  t h e  coppe r  a c e t a t e  opposed  
t he  effect  of t h e  ca rc inogen ic  dye  on  t h e  ox idase  so t h a t  
t h e  e n z y m e  vMues  were  n e a r  no rma l .  T h e  re su l t s  a re  
g iven . in  F i g u r e  1, whe re  the  levels  of t h e  ox idase  a b o v e  or  
be low t h e  va lues  p r io r  to  t h e  dye  feeding are  expressed  in 
a r b i t r a r y  u n i t s  de r ived  f rom t h e  op t i ca l  d e n s i t y  of t h e  
coloured  so lu t ions  e s t i m a t e d  a t  530 m ~  as desc r ibed  b y  
NEIStt. These  va lues  are  t h e  a v e r a g e s  for  5 a n i m a l s  in  each  
g r o a p  a t  i n t e rva l s  ot  4 weeks  b u t  t h e  effects  were  r egu la r ly  
found  in  e v e r y  i n d i v i d u a l  a n i m a l  of t he  e x p e r i m e n t a l  
groups .  

I n  a second e x p e r i m e n t  t h r e e  g roups  of 5 r a t s  were  fed 
N N - d i m e t h y l a m i n o a z o b e n z e n e  (DMAAB),  t he  N - m e t h y l  
d e r i v a t i v e  a n d  p - a m i n o a z o b e n z e n e ,  respec t ive ly .  T h e  
re su l t s  a re  s h o w n  in  F igu re  2 f rom w h i c h  i t  is e v i d e n t  t h a t  
t he  m o n o m e t h y l  c o m p o u n d ,  w h i c h  is r ega rded  as s imi la r  
in ca rc inogen ic i ty  to  t h e  d i m e t h y l  c o m p o u n d ,  also pro-  
duced  lower  va lues  in  t h e  s e r u m  oxidase  r eac t i on  d u r i n g  
t he  whole  per iod,  whi le  t h e  effect  of t h e  n o n - m e t h y l a t e d ,  
non -ca r c inogen i c  c o m p o u n d  was m u c h  less ma rked .  

F r o m  e x p e r i m e n t s  in  w h i c h  D M A A B  was  fed to  r a t s  
a long  w i t h  a second  azo dye,  w h i c h  i n h i b i t e d  t h e  c a n c e r  
p r o d u c i n g  ef fec t  of t h e  b u t t e r  yellow, CRABTREE 5 con-  
c luded  t h a t  t h i s  was  a t t r i b u t a b l e  to  t he  m e t a b o l i c  pro-  
d u c t i o n  of p - a m i n o a z o b e n z o i c  ac id  in t h e  l ive r  b y  b r e a k -  
d o w n  of  t h e  second  dye.  H e  p o i n t e d  o u t  t h a t  p - a m i n o -  
benzo ic  ac id  i tsel f  d id  n o t  i n h i b i t  azo dye  ca rc inogenes i s  
b u t  t h a t  azo dyes  c a p a b l e  of f o rming  p - t o l u i d i n e  or  p -  
a m i n o b e n z o i c  acid were i n h i b i t o r y .  

I t  was  t h u s  of i n t e r e s t  to  see w h e t h e r  t he se  two  com- 
p o u n d s  would  i n h i b i t  t h e  s e r u m  oxidase.  T h e y  were  g i v e n  
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