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r e m a i n e d  c o n s t a n t  d u r i n g  3 rec rys ta l l i za t ions .  I n  a n o t h e r  
e x p e r i m e n t ,  M N G  was  i so la ted  as p u r e  c rys ta l s  f rom t h e  
c u m m u l a t i v e  u r ine  of r a t s  rece iv ing  n o n - r a d i o a c t i v e  
M N N G  in DMSO a t  a dose of 100 m g / k g  a t  4-days  in te r -  
va l s  for  one m o n t h  ( to ta l  dosage :  1100 mg) a n d  iden t i f i ed  
b y  a d m i x t u r e  w i t h  a u t h e n t i c  sample .  T h e  t h i r d  m e t a b o -  
l i te  ( I I I )  h a s  n o t  ye t  been  ident i f ied .  I t  does  n o t  a p p e a r  
to  b e  t he  genera l  g lucu ron ide  because  t h e r e  was  no  
c h a n g e  in  c h r o m a t o g r a p h i c  b e h a v i o r  of t h e  r a d i o a c t i v e  
spo t  on  t h e  c h r o m a t o g r a m ,  even  a f t e r  t h e  ac t ion  of 
f l -g lucuronidase  a t  37 °C for  24 h in  a c e t a t e  buf fe r  (pH 5.0). 

I n  d e t e r m i n i n g  t h e  m e t a b o l i c  sequence  of MNNG,  i t  is 
p l aus ib le  to  p r e s u m e  a t  l eas t  2 poss ib le  p a t h w a y s  for t h e  
f o r m a t i o n  of N G  in  ra ts .  

T h e  f i r s t  would  be  t he  N - d e m e t h y l a t i o n  of M N G  a n d  
t he  second a l t e r n a t i v e  is t h e  nuc leophi l i c  a t t a c k  of a m i n o  
g roup  on  g u a n i d i n e  ca rbon ,  p r o b a b l y  a f t e r  e l i m i n a t i o n  of 
h y p o t h e t i c  c o m p o u n d  C H s - N  = N - O H .  

T h e  f i r s t  poss ib i l i ty  was  r e j ec t ed  due  to  t h e  fo l lowing 
in v ivo  a n d  in v i t r o  da t a .  Af te r  a n  ora l  dosage  of M N G  
(4.6 vCi]kg), m e t h y l - l a b e l l e d  M N G  was  exc re t ed  un-  
c h a n g e d  in t h e  r a t  a n d  no  ~4CO2 was  de t ec t ed  in  t h e  
exp i red  a i r  f r om rats ,  as s h o w n  in  Tab le  I. W h e n  m e t h y l -  
labe l led  M N G  was  i n c u b a t e d  in v i t ro  w i t h  t h e  r a t  l ive r  
h o m o g e n a t e  for t i f ied  w i t h  co-fac tors  a t  37 °C for  30 ra in  
in  air,  a n d  w i t h  c o n s t a n t  s h a k i n g  to  d e t e r m i n e  t he  
N - d e m e t h y l a t i o n  of M N G  b y  t h e  m e t h o d  of NASTY19 a 
m e a s u r a b l e  a m o u n t  of f o r m a l d e h y d e  labe l led  w i t h  14C 
was no t  o b t a i n e d  f rom t h e  i n c u b a t i o n  m i x t u r e  of MNG.  
T h u s  th i s  fac t  is in  f avo r  of t h e  h y p o t h e s i s  t h a t  M N G  is 
v e r y  s t ab l e  b o t h  in v i v o  a n d  in  v i t ro ,  a n d  N G  is n o t  
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l ike ly  to  be  fo rmed  as a r e su l t  of N - d e m e t h y l a t i o n  of 
MNG.  Therefore ,  t h e  a l t e r n a t e  p a t h w a y  in w h i c h  M N N G  
reac t s  w i t h  a m i n o  group  to  give N G  in t h e  b o d y  would  
seem to  p r e d o m i n a t e  a n d  can  a c c o u n t  for  t h e  f o r m a t i o n  
of NG.  F u r t h e r m o r e ,  our  sugges ted  m e t a b o l i c  r o u t e  was 
s u p p o r t e d  b y  t h e  f ac t  t h a t  M N N G  reac t ed  w i t h  am-  
m o n i a  to  give N G  in v i t r o  ~o. 

The  a u t h o r s  wish  to  p ropose  t h a t  t h e  m e t a b o l i c  p a t h -  
ways  of M N N G  in  r a t s  a re  as s h o w n  in t h e  Figure .  

The  d i s t r i b u t i o n  of 1*C in  t h e  o r g a n  a t  48 h a f t e r  a 
s ingle  oral  dose of M N N G  is s h o w n  in  T a b l e  I I .  T h e  
o rgan -a f f i n i t y  was c o m p a r e d  for level  of 1'C in t e r m s  of 
r e l a t ive  specif ic  a c t i v i t y  (RSA).  A l t h o u g h  s ign i f i can t  
d i f ference  of t h e  a f f i n i t y  a m o n g  these  o rgans  was  n o t  
observed ,  t h e  va lues  of R S A  can  be  d iv ided  i n to  3 
groups.  The  f i r s t  g roup  of r e l a t ive ly  h i g h  R S A  was  
found  in  fo re s tomach ,  s t o m a c h  con t en t s ,  l iver,  i n t e s t i ne s  
a n d  k idneys .  T h e  second g roup  i n d i c a t i n g  m e d i u m  R S A -  
va lues  i nc luded  spleen,  g l a n d u l a r  s t omach ,  oesophagus ,  
h e a r t  a n d  lungs  w i t h  R S A  v a l u e  in t h e  sp leen  close to  
t h e  f i r s t  g roup.  T h i r d  g roup  showed  low R S A  va lues  
a n d  inc luded  b ra in ,  test icle ,  a d r e n a l  g lands ,  p r o s t a t e  
a n d  muscles .  

F r o m  t h e  a b o v e  da ta ,  one c a n n o t  s ay  d i s t i n c t l y  t h a t  
t h e r e  is s tomach-spec i f i c  a f f in i ty ,  s ince t h e  c o m p a r i s o n  
of t h e  R S A  va lues  in  ou r  e x p e r i m e n t s  d id  n o t  c lea r ly  
i nd i ca t e  s h a r p l y  h i g h  va lues  in  t h e  s t omach .  However ,  
s t o m a c h - a f f i n i t y  m u s t  be  e x a m i n e d  a t  d i f f e ren t  t i m e  
i n t e rva l s  before  a n  e x a c t  conc lus ion  could  be  a t t a i n e d .  

The  p r e s e n t  r e su l t s  d i f fer  s o m e w h a t  f rom those  of 
KAWACHI e t  al. 1~ in t h e  e x p e r i m e n t a l  cond i t ions ,  t h e  
o x i d a t i v e  r a t i o  of guan id ino -  a n d  m e t h y l - c a r b o n s  of 
M N N G  a n d  one  of t h e  me tabo l i t e s ,  a l t h o u g h  t h e  isola- 
t i on  of M N G  is a c o m m o n  f ind ing  to  us  a n d  t h e  o t h e r  
g roup  ~*, ,x. 

Zusammen/assung. Versuche  m i t  x4C-markier tem Car-  
c inogen  M N N G  e r g a b e n  a n  l~a t t en  n a c h  e inma l ige r  Ver-  
a b r e i c h u n g  der  S u b s t a n z  eine v o r w i e g e n d  t iber  die Niere  
e r fo lgende  E l i m i n a t i o n .  Die  M e t a b o l i t e  y o n  M N N G  in 
V e r k n i i p f u n g  m i t  v e r s c h i e d e n e n  S to f fwechse l s tu fen  u n d  
ihre  V e r t e i l u n g  im Gewebe  w u r d e n  n~ther verfolgt .  
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O c c u r r e n c e  of D i h y d r o m u r e x i n e  ( I m i d a z o l e p r o p i o n y l c h o l i n e )  in  t h e  H y p o b r a n c h i a l  G l a n d  of  T h a i s  
( p u r p u r a  ) h a e m a s t o m a  1 

The  h y p o b r a n c h i a l  g l a n d  of t h e  M e d i t e r r a n e a n  sna i l  
Murex trunculus c o n t a i n s  large  a m o u n t s  of u rocany l -  
chol ine  or  m u r e x i n e  ~. The  s ame  chol ine  es te r  occurs  also 
in Murex brandaris, Tritonalia erinacea, Murex /ulvescens, 
Thais lapillus, Urosalpinx cinema, Concholepas concho- 

lepas 8-5 a n d  a n u m b e r  of o t h e r  mol luscs  b e l o n g i n g  to  
t h e  fami l ies  of Mur ic idae  a n d  T h a i s i d a e  6. The  h y p o -  
b r a n c h i a l  g l a n d  of Thais/loridana, Thais chocholata a n d  
o t h e r  r e l a t ed  species con ta ins ,  in  i t s  tu rn ,  senecioyl-  
chol ine  or fl, f l -d ime thy lac ry loy lcho l ine  ~,8, a n d  t h a t  of 
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Buccinum undatum, a member  of the same order but  
not  of the same family, and not a dye-secreting snail, 
contains acryloylcholine". Different choline esters may 
be present in the same hypobranchial body. That  of 
Concholepas concholepas, for example, contains both 
murexine and senecioylcholine a. 

This communication describes the occurrence in the 
hypobranchial  body Thais (purpura) haemastoma, col- 
lected on the coasts of Lat ium (Italy) of dihydromurexine 
or imidazolepropionylcholine, a choline ester hitherto 
unknown in nature. 

+ 
1 ~ CH =CH-CO-OCH,-CH,-N(CI-I3) 3 

HN-. ~ N  Murexine 

+ 
[ - - l  CHz-CHz-CO-OCH~-CHz-N(CH3)z 

HN.../ /N Dihydromurexine 

In a first experiment  the whole hypobranchial body 
was removed from the living animal after cautious rupture 
of the shell and immediately extracted with 6 parts (w/v) 
of methanol.  After 3 days the supernatant  liquid was 
decanted and the tissue re-extracted with 5 parts of 80% 
methanol. The extracts were mixed and filtered. In 
another experiment the yellowish strip in the middle of 
the hypobranchial  body was cut away from the re- 
maining hypobranchial  tissue and the 2 parts were 
extracted separately with methanol. The yellowish strip 
constituted 15-20%, in weight, of the total  hypobran- 
chial body. Par t  of the extracts was used as such, part  
was submitted to chromatography on an alkaline alumina 
column which was eluted with descending concentrations 
of ethanol 5. 

Crude extracts and eluates from the alumina column 
were submitted to paperchromatography, thin-layer 
chromatography, high voltage electrophoresis and bio- 
assay, using the isolated frog rectus abdominis muscle. 
Chromatograms and pherograms were developed with 
the Pauly reagent, the NNCD reagent (2-chloro-4-nitro- 
benzenediazoniumnaphthalene-2-sulphonate), the dichlo- 
roquinone chlorimide reagent, and finally the Dragen- 
dorff reagent ~. 

Besides more or less conspicuous amounts of purple 
prepigments, and of senecioylcholine and free choline, 
large amounts of imidazolepropionic acid and of its 
methyl  ester were found, together with a new imidazole 
choline ester which proved to be dihydromurexine. 

Synthetic choline chloride, murexine chloride hydro- 
chloride, senecioylcholine jodide, dihydromurexine di- 
picrate, urocanic acid, imidazolepropionic acid and the 
ethyl and methyl  esters of imidazolepropionic acid were 
available for comparison. 

Following chromatography on alumina column, the 
choline ester supposed to be dihydromurexine appeared 
in the 90% ethanol eluate. I ts  identification as dihydro- 
murexine was based on the following data :  a) Both the 
unknown imidazole choline ester and synthetic dihydro- 
murexine showed the same colour shades with the Pauly 
reagent (pink red) and the Dragendorff reagent (orange 
red). b) On high voltage paper electrophoresis the un- 
known derivative showed the same mobil i ty towards the 
cathode as synthetic dihydromurexine:  EI. ,  = 1.1-1.2 
choline; Es." = 1.3 choline, c) On paper chromatography 
the Rf  values of the unknown imidazole derivat ive and 
those of synthetic dihydromurexine were exactly the 
same in 3 solvent systems: Rf  0.1-0.12 in n-butanol- 
acetic acid-water (4:1 : 5), Rf  0.27-0.32 in 1-pentanol- 
pyridine-water (2:2:1) and finally Rf 0.91-0.93 in 
20% KC1. 

Similar results were obtained in thin-layer chromato- 
graphy: no mobili ty with the chloroform-pentane mixture 
(1:1) and very poor mobility (Rf 0.01-0.02) with the 
butanol-acetic acid-water (4:1 : 5) mixture. Alkaline sol- 
vent  systems could not be used owing to the lability of 
dihydromurexine, d) Upon hydrolysis with hydrochloric 
acid (2N HCI, 2 at 100°C) amounts of the unknown 
derivative and of synthetic dihydromurexine showing 
the same biological act ivi ty  on the frog rectus muscle 
or a Pauly reaction of the same intensity yielded equal 
amounts of choline and imidazolepropionic acid. 

Dihydromurexine was total ly localized in the yellowish 
strip occupying the middle of the hypobranchial gland. 
In fact, methanol extracts of this strip contained, when 
examined immediately after their  preparation, as much 
as 15,000-17,000 vtg dihydromurexine per g fresh tissue, 
as compared to the 150-200 ~tg/g occurring in the re- 
maining hypobranchial  tissue. 

Large losses of the base occurred not only during 
chromatography on alumina column, b u t  even during 
storage in the refrigerator of crude methanol  extracts or 
ethanol eluates. This was due to the intensity of trans- 
esterification and hydrolysis processes. 

On the frog rectus abdominis muscle dihydromurexine 
appeared to be 12-16 times as potent  as murexine, on 
a weight basis, 10-12 times as potent  as senecioylcholine 
and finally 6-9 t imes as potent  as acetylcholine. All 
compounds were considered as free bases. 

Dihydromurexine has been found in the hypobran- 
chial body of several other molluscan species of the 
Thaisidae and Muricidae families. 

A more thorough description of this choline ester, its 
precursors and metabolites will be presented in a paper 
in extenso, in which also the problem will be discussed 
of whether the different compounds found in methanol 
or acetone extracts of the hypobranchial body pre-exist 
in the living tissue or are artifacts due to the extraction 
procedure and/or to the successive manipulation of the 
extracts. 

Riassunto. Gli estratti  metanolici di organo ipobran- 
chiale di Thais (purpura) haemastoma contengono cospicui 
quant i ta t iv i  di un nuovo estere della colina, la diidro- 
murexina o imidazolpropionilcolina. La base ~ localiz- 
zata esclusivamente nella striscia mediana giallastra del- 
l 'organo ipobranchiale, ore  pub raggiungere concentra- 
zioni dell 'ordine di 15-17 mg per g di tessuto fresco. 

M. ROSEGHINI 

Istituto di Farmacologia medica I, Universith di Roma, 
13 March 7971. 

Supported by grants from the Consiglio Nazionale delle Ricerche, 
Roma. 

2 V. ERSPAMER and O. B~NATI, Biochem. Z. 324, 66 (1953). 
V. F~RSPAMER and A. GLAESSER, Br. J. Pharmac. 12, 176 (1957). 

4 V, P. WHITTAKER and I. A. MmHAELSOr~, Biol. Bull., V?oods Hole 
t07, 304 (1954). 

s M. ROSEGHINI, V. ERSPAMER, L. RAMORINO and J. E. GUTXER- 
REZ, Eur. J. Biochem. 72, 468 (1970). 

6 M. ROSEGHIt~I, to be published (1971). 
V. P. WHITTAKER, Biochem. J. 66, 35 P (1957). 

s M.J. KEYL, I. A. MIC~IAELSOt~ and V. P. WHITTAKER, J. Physiol., 
Lond. 39, 434 (I957). 

9 V. P. WmTTAK~R, Biochem. Pharrnae. 1,342 (1959). 


