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M e t a b o l i s m  of  N - M e t h y l - N ' - n i t r o - N - n i t r o s o g u a n i d i n e  in  R a t s  

N-Methy l -N ' -n i t ro -N-n i t ro soguan id ine  (MNNG) is well 
k n o w n  as a p o t e n t  m u t a g e n l ,  2 and  local ly ac t ing  car-  
cinogen.  Since SCHOENTAL 3, DRUCKREY e t  al. 4 and  SU- 
GIMURA e t  al. s r e p o r t e d  t h e  carc inogenesis  of MNNG,  a 
n u m b e r  of pape r s  h a v e  been  p re sen t ed  on i ts  b iochemica l  
p rope r t i e s  TM. M N N G  seems to  be  one of t h e  m o s t  sui t -  
able  chemica ls  for p roduc t ion  of s t o m a c h  cance r  in t he  
r a t  ~5. This  p a p e r  deals  w i t h  t he  fate,  d i s t r ibu t ion ,  me t abo -  
l i sm a n d  me tabo l i c  p a t h w a y s  of M N N G  in r a t s  using 
t r ace r  t echnique .  

Mater ia l  and  methods. Methyl -  and  guanid ino- labe l led  
M N N G  were used in the  e x p e r i m e n t  and  the  specific 
ac t iv i ty  of each  r ad iomer  was  0.074 vCi/mg and  2.59 
MCi/mg, respec t ive ly .  Labe l led  MNG is was  also p r epa red  
by  den i t rosa t ion  of t h e  cor responding  label led MNNG.  
The p u r i t y  of each  label led c o m p o u n d  was  checked  
chemica l ly  and  radiochemical ly .  Label led  M N N G  was 
g iven oral ly to  male  W i s t a r  a lbino ra ts  (body we igh t :  
200-330 g) b y  s t o m a c h  t u b e  a t  a dose of 100 mg/kg  in 
D M S O  (20 rag/1.4 ml).  The  ra t s  were kep t  in metabol ic  
cages for col lect ion of ur ine and  faeces and  given a s tan-  
da rd  die t  and  w a t e r  ad l ib i tum.  The exp i red  CO2 was 
col lected in N a O H  solut ion for 48 h a t  d i f fe ren t  in te rva l s  
and  an a l iquot  of t he  d i lu ted  alkali  sample  was  t a k e n  for 
rad ioac t ive  assay  wi th  a sc in t i l la t ion  counter .  

A po r t ion  of t he  col lected urine, and  por t ions  of dr ied  
faeces and  organs  were  oxid ized  to  CO, for  measu r ing  
~4C in a p h o s p h o r  according  to  the  m e t h o d  of JEI~FAV 
and  ALVAREZ 17' lS. 

Resul ts  and  discussion.  Resul t s  on t h e  fa te  of M N N G  
and  MNG are s u m m a r i z e d  in Table  I. 

M N N G  was rap id ly  e l imina ted ,  ma in ly  via  kidneys,  
b u t  a smal l  a m o u n t  of r ad ioac t i v i t y  was found  in t h e  

Table I. Fate of MNNG and MNG shown as percentages of the 
dose given 

MNNG(4) b MNNG(3) • MNG(2) ~ MNG(1), 

Urine (24 h) 63.1 40.4 89.8 77.3 
(48 h) 65.2 43.8 97.1 79.6 

Faeces (48 h) 2.8 1.4 0.8 0.6 
14C exhaled 0.7 24.1 - ~ 0.1 
as CO~ (48 h) 

Thc results for MNNG h, MNNG* and MNG ~ are each tile mean of 
measurements on 4, 3 and 2 rats, respectively, except those for 
MNG • on 1 rat. • Labelled at methyl-carbon, b Labelled at guani- 
dino-earbon. 

faeces. Methyl - labe l led  M N N G  was  oxid ized  to  CO~ in 
t h e  range  of 20 to  30% of t h e  dose. On t h e  o t h e r  h a n d ,  
t h e  convers ion  of guanid ino- labe l led  M N N G  in to  CO2 
a m o u n t e d  a t  m o s t  to  1.5% of the  to ta l  dose. The  produc-  
t ion  of CO, f rom b o t h  m e t h y l -  and  guanid ino- labe t led  
MNG was  negligible.  3 u r ina ry  me tabo l i t e s  of guanid ino-  
labelled M N N G  were easi ly s epa ra t ed  b y  e i ther  p a p e r -  
or th in - l ayer  c h r o m a t o g r a p h y .  The  ma jo r  r ad ioac t ive  
me tabo l i t e  (I) a n d  t h e  second me tabo l i t e  (II) coincided 
w i t h  MNG and  NG, respec t ive ly .  

The  reversed  isotopic  d i lu t ion  analys is  for fu r ther  iden- 
t i f ica t ion of these  c o m p o u n d s  was  unde r t aken .  Their  iden-  
t i ty  wi th  a u t h e n t i c  samples  was  es tab l i shed  on the  basis  
of t he  fact  t h a t  t he  specif ic  ac t iv i ty  of each  c o m p o u n d  
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Table II. RSA of x4C-radioactivity at 48 h after dosing of labelled MNNG 

MNNG * MNNG ~ MNNG • MNNG v MNNG • MNNG b 

Forestomach 0.32 0.69 Spleen 0.20 0.24 Brain 0.05 0.003 
Stomach contents 0.35 0 . 1 6  Glandular stomach 0.17 0.21 Testicle 0.07 0.02 
Liver 0.39 0 . 2 4  Esophagus 0.19 Adrenal glands 0.15 0.03 
Intestine 0.30 0.54 Heart 0.17 0.09 Prostate - 0.07 
Kidneys 0.30 0.18 Lungs 0.17 0.02 Muscles - 0.007 

activity in the organ (cpm) 
organ weight (g) 

RSA = 
total dose (cpm) 
body weight (g) 

Figures are each the mean of measurements on 2 rats. ~ Labelled at methyl-carbon, b Labelled at guanidino-carbon. 
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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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Presumed metabolic pathways of MNNG in rats. 

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 


