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C o m p a r a t i v e  Metabo l i c  S tud ie s  w i th  Natu lan  | 
M e t h y l h y d r a z i n e  and M e t h y l a m i n e  in Rats  

Fol lowing t h e  a d m i n i s t r a t i o n  of N a t u l a n  | to ra ts ,  
large a m o u n t s  of N - i s o p r o p y l t e r e p h t h a l a m i c  acid were 
found  in t h e  urine1,  ~, a n d  t he  azo c o m p o u n d  der ived  f rom 
N a t u l a n  | was  ident i f ied  in b lood ~. R a t s  and  mice g iven  
1-methyl-~4C-labelled N a t u l a n |  expire  14COz3. In  t he  
p r e sen t  s t u d y  m e t h y l a m i n e  was  found  to be a me t abo l i t e  
of N a t u l a n  | in ra ts .  

Results .  Th e  fol lowing s u b s t a n c e s  were found  in t h e  
ur ine  of r a t s  a f t e r  p a r e n t e r a l  a d m i n i s t r a t i o n  of t he  com-  
p o u n d s  l i s ted:  f r o m  m e t h y l a m i n e  - m e t h y l a m i n e ;  f r om 
m e t h y l h y d r a z i n e  - m e t h y l h y d r a z i n e  and  m e t h y l a m i n e ;  
f r om  N a t u l a n  | - N a t u l a n |  a n d  m e t h y l a m i n e .  (For  q u a n -  
t i t a t i v e  d a t a  see t h e  Table ,  u n d e r  c o l u m n  E.) 

On  t h e  o t h e r  h a n d  no m e t h y l h y d r a z i n e  could  be found  
in t he  ur ine  of r a t s  g iven  N a t u l a n  | nor  ha s  p- ( i sopropyl -  
c a r b a m o y l ) b e n z y l a m i n e ,  the  f r a g m e n t  a n t i c i p a t e d  f r o m  
the  c leavage  of t h e  N - N  bond,  y e t  been  de tec ted  in the  uri-  
ne w h e n  r a t s  were g iven  carbamoyl-~4C-labelled Na t t f i an |  

W i t h  all 3 c o m p o u n d s  t e s t ed  r a d i o a c t i v i t y  was  found  
in the  exp i red  air. On ly  a m i n o r  po r t i on  of th i s  radio-  
a c t i v i t y  was  t r a p p e d  in acid or a t  -- 80 ~ In  t he  case 
of m e t h y l h y d r a z i n e  a n d  N a t u l a n  | t h i s  r a d i o a c t i v i t y  
was  r ep re sen t ed  pa r t i a l l y  b y  fo rma ldehyde .  The  a m o u n t  
was  less t h a n  1% of the  a d m i n i s t e r e d  dose. A larger  
por t ion  of t h e  r a d i o a c t i v i t y  was  t r a p p e d  in  t h e  f o r m  
of CO 2 in e t h a n o l a m i n e - m e t h a n o l .  The  res t  of t he  
exc re ted  r a d i o a c t i v i t y  was  found  in the  ur ine ,  80% of 
wh ich  a p p e a r e d  in t h e  f i rs t  24 h, and  on ly  a sma l l  a m o u n t  
in the  faeces. I n  spi te  of s imilar i t ies ,  t he  th ree  c o m p o u n d s  
t e s t ed  show differences  in the i r  rou te  of excre t ion :  T h e  
a m o u n t  of  14CO~ f o r m e d  in r a t s  f rom m e t h y l a m i n e  a n d  
N a t u l a n  | is v e r y  s imilar ,  b u t  a b o u t  four  t imes  less in 
an im a l s  g iven  m e t h y l h y d r a z i n e .  I n  c o n t r a s t  the  t o t a l  
r a d i o a c t i v i t y  exc re ted  in u r ine  was  found  to be lower 
a f te r  m e t h y l a m i n e  or N a t u l a n  | a d m i n i s t r a t i o n .  

Since m e t h y l a m i n e  is me tabo l i zed  to a large e x t e n t  to 
CO2, t h e  ques t ion  ar ises  as to t he  possible  imp l i ca t ion  of 
m e t h y l a m i n e  as  p r ecu r so r  o f  CO~ f o r m a t i o n  f rom N a t u -  

lan |  The  p a t t e r n  of excre t ion  of m e t h y l a m i n e  or 
N a t u l a n  | was  no t  a l te red  w h e n  S K F  525 A 4 was  ad-  
m in i s t e r e d  i .v .  30 min  pr ior  to these  drugs .  However ,  t he  
14CO2 release was  s lowed dow n  in a n i m a l s g i v e n  N a t u -  
lan | b u t  no t  in those  g iven  m e t h y l a m i n e .  Th i s  f ind ing  
could ind ica te  t h a t  CO~ is f o rme d  f rom these  two d r u g s  
by  d i f fe rent  p a t h w a y s .  E x p e r i m e n t s  are u n d e r  w a y  to  
f u r t h e r  e luc ida te  th i s  ques t ion .  DosT, REED and  WAN6 5 
h a v e  found  m e t h a n e  in the  expi red  air of r a t s  g iven  
m e t h y l h y d r a z i n e .  W e  did no t  look for m e t h a n e  in our  
e x p e r i m e n t ;  however ,  f o r m a t i o n  of th i s  gas  could even-  
t u a l l y  exp la in  t he  re la t ive ly  low recovery  we e n c o u n t e r e d  
for m e t h y l h y d r a z i n e .  

F o r m a t i o n  of m e t h y l a m i n e  f rom N a t u l a n  | and  m e t h y l -  
h y d r a z i n e  d e m o n s t r a t e s  t h a t  me tabo l i c  r educf ive  cleav-  
age of t he  N - N  b o n d  is no t  conf ined  to  a roma t i c  com-  
pounds6 ,  7, b u t  t h a t  i t  can  also occur  in a lkyl  or a ra lky l  
c o m p o u n d s .  

Methods.  1-methyl-~4C-labelled N a t u l a n |  hyd roch lo -  
ride (sp. act.  17 / ,C/mg),  14C-methylamine  hydroch lo r ide  
(sp, act .  20.6 /~C/mg) a n d  14C-methylhydraz ine  s u l p h a t e  
(sp. act .  3.9 #C/mg)  were used  s. Male a lbino r a t s  (90-110 g) 

* Registered trade mark for p-(isopropylcarbamoyl)beuzyl methyl- 
hydrazine, a cytostatic methylhydrazine derivative. 
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Research Department, F. Hoffmann-La Roche, Basle, for the syn- 
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Expiration and excretion of radioactivity following a single intraperitoneal dose in rats (radioactivity expressed in % of administered dose) 

Substances Expired air Urine Faeces Animal Total 
injected homogenate recovery 
(dose :/~mole/kg) = A + B 

A B C D E F G + C + F + G  

14CO~ Radioactivity trapped lst-4th 1st day Substances isolated 1st 4th 4th day 
total a both in HC1 and at day as DNP from day 

-- 80 ~ 1st day urine ~ 

Total As formal- 
dehyde 

Methylhydrazine 4.2 1.3 
(140) 9.8 1.9 

Natulan | 30.4 0.4 
(400) 29.3 0.5 

Methylamine 43.6 < 0.1 
(400) 45,6 < 0.1 

SKF b (330) 25.9 
+ Natulan | (400) 27.4 

SKF b (330) 41.3 0.1 
+ Metbylamine (400) 44.4 0.1 

0.5 53.0 50.7 Methylhydrazine 16 1.5 3.0 63.0 
0.8 53.7 51.4 Methylamine 5 1.7 4.4 71.5 

0.2 36.2 32.8 Natulan| 2 5 4.0 11.6 82.6 
0.05 35.8 31.8 Methylamine 1-4 4.7 12.9 83.2 

28.1 24.0 Methylamine 7 0.7 19.0 91.4 
29.4 24.7 1.2 11.4 87.6 

33.0 29.6 1.2 17.8 93.4 
30.1 25.7 0.7 19.1 94.4 

See under 'Methods'. b Administered subcutaneously 30 min before the injection of Natulan| or methylanline, o Approximate amount 
assuming the isolation of the DNP was quantitative. 
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received 400 #moles /kg  N a t u l a n  | or m e t h y l a m i n e  or  
140 #moles /kg  m e t h y l h y d r a z i n e  in one single in t r ape r i -  
t onea l  in ject ion.  Fo r  t he  iden t i f i ca t ion  of m e t abo l i t e s  in  
urine,  t he  an ima l s  were k e p t  in  me tabo l i c  cages and  t he  
f irst  24 h ur ine  po r t i on  was col lected in f lasks cooled to 
0 ~ c o n t a i n i n g  2 ml  of NHC1. The  ur ine  was mixed  w i th  
9 vo lumes  of chi l led e t h a n o l  a n d  k e p t  for 15 m i n  a t  0~ 
and  cent r i fuged .  The  s u p e r n a t a n t  was  e v a p o r a t e d  to  
d ryness  a t  40~ u n d e r  v a c u u m .  Amines  a n d  h y d r a z i n e s  
p r e sen t  as hydroch lo r ides  in  t he  res idue were c o n v e r t e d  
and  ident i f ied  as d i n i t r o p h e n y l  (DNP)  der iva t ives .  Ur ine  
res idues  or  t he  s y n t h e t i c  h y d r a z i n e s  or  amines  were 
r eac t ed  w i t h  an  excess d in i t r o f luo robenzene  (DNFB)  un-  
der  iden t i ca l  condi t ions .  Because  of t he  r e l a t ive  i n s t ab i l i t y  
of N a t u l a n  | in  so lu t ion  a t  a lka l ine  p H  9, t he  r eac t ion  was 
f irst  c o n d u c t e d  for 2 h in a buf fe r  of p H  6.0 (20 vo lumes  
0.1 tool sod ium p y r o p h o s p h a t e  + 9 vo lumes  0.3 mol  o- 
phosphor i c  acid). To ensure  comple te  r eac t ion  w i th  amines  
the  p H  was t h e n  raised to 8.5 b y  add i t i on  of a s a t u r a t e d  
so lu t ion  of sod ium c a r b o n a t e  in  50% e thanol .  The  reac- 
t ion  was al lowed to proceed for 1 h more  a n d  the  excess 
D N F B  was r e m o v e d  w i th  glycine accord ing  to LOCKART 10. 
The  i d e n t i t y  of D N P  de r iva t i ve s  o b t a i n e d  f rom ur ine  was 
a sce r t a ined  b y  t h i n  layer  r a d i o c h r o m a t o g r a p h y  in 5 chro-  
m a t o g r a p h i c  sys t ems  us ing  t he  s y n t h e t i c  l~C-labelled 
D N P  de r iva t i ve s  as reference compounds .  

Fo r  e x p e r i m e n t s  on  t h e  r a t e  and  rou te  of excre t ion  of 
the  drugs,  an ima l s  were p u t  in  closed glass me tabo l i c  
cages p rov ided  w i t h  a n  in le t  and  a n  ou t l e t  for t he  air. The  
exp i red  air  was a sp i r a t ed  w i t h  a w a t e r  p u m p ,  a pressure  
difference of 45 m m  Hg b e t w e e n  the  air  in le t  and  ou t l e t  
be ing  used, f i rs t  t h r o u g h  NHC1 to a b s o r b  bases, t h e n  
t h r o u g h  a t r a p  a t  - - 8 0 ~  f ina l ly  t h r o u g h  two wash  
bo t t l e s  con ta in ing  25 ml  each  of 12% e t h a n o l a m i n e  in 
m e t h a n o l  for t he  abso rp t ion  of COe. CO 2 was collected 
c o n t i n u o u s l y  up  to 14 h a f te r  adm i n i s t r a t i on ,  t h e n  in te r -  
m i t t e n t l y .  Values  o b t a i n e d  a f t e r  14 h were in te rpo la ted .  
The  t o t a l  a m o u n t  of ~4C-formaldehyde was d e t e r m i n e d  
b o t h  in the  HC1 abso rp t ion  so lu t ion  a n d  in the  w a t e r  

t r a p p e d  a t  - 80 ~ Af te r  add i t i on  of we igh ted  a m o u n t s  
of ca r r i e r  fo rma ldehyde ,  i t s  d i m e d o n e  d e r i v a t i v e  was 
p r e c i p i t a t e d  a n d  recrys ta l l ized  to c o n s t a n t  a c t i v i t y  in  
50% e thanol .  

The  r a d i o a c t i v i t y  of CO, abso rbed  in 12 % e t h a n o l a m i n e  
in m e t h a n o l  was m e a s u r e d  a f t e r  add i t i on  of one vo lume  
sc in t i l l a t ion  so lu t ion  cons is t ing  of 4 g P P O  (2, 5 -d iphenyl -  
oxazol)  and  100 m g  P O P O P  (1 ,4-bis-2-( -5-phenyl-  
oxazol )benzene)  in  1 1 to luene.  The  r a d i o a c t i v i t y  of t he  
o t h e r  samples  was d e t e r m i n e d  a f t e r  c o m b u s t i o n  accord ing  
to the  t e c h n i q u e  of KALBERER and  RUTSCHMANN 11. HOW- 
ever,  t he  presence  of vola t i le  me t abo l i t e s  m a d e  i t  neces- 
sa ry  to o m i t  t h e  d r y i n g  of samples  p r io r  to  bu rn ing .  
R a d i o a c t i v i t y  was  m e a s u r e d  w i t h  a T r i ca rb - l i qu id  scin- 
t i l l a t ion  s p e c t r o p h o t o m e t e r  (Packard ,  Mod. 3000). 

Zusammen/assung. N a c h  i n t r a p e r i t o n e a l e r  Verabre i -  
c h u n g  v o n  N a t u l a n  | M e t h y l a m i n  oder  M e t h y l h y d r a z i n  
a n  R a t t e n  k o n n t e  im U r i n  n e b e n  den  v e r a b r e i c h t e n  Stof-  
fen M e t h y l a m i n  nachgewiesen  werden,  dagegen  wurde  
M e t h y l h y d r a z i n  als Me tabo l i t  von  N a t u l a n  | n i c h t  ge- 
funden .  Das  A u f t r e t e n  yon  M e t h y l a m i n  n a c h  Gabe  der  
e rw/ ihn ten  H y d r a z i n v e r b i n d u n g e n  zeigt,  dass  der  1Ratten- 
o rgan i smus  n i c h t  nur ,  wie b i she r  b e k a n n t ,  a r o m a t i s c h e  
A z o v e r b i n d u n g e n  a n  de r  N - N - B i n d u n g  spa l t en  kann ,  
sonde rn  auch  a l ipha t i sch -a ra l ipha t i sche .  
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Combined Autoradiography and Fluorescence 
Microscopy. Localization of Labelled 5-Hydroxy-  

tryptophan in Relation to Endogenous  
5-Hydroxytryptamine in the 

Gastrointestinal Tract 

I n  a p rev ious  p a p e r  i conce rn ing  the  d i s t r i b u t i o n  of radio-  
ac t ive  5 - h y d r o x y t r y p t o p h a n  (5-HTP)  a n d  5 -hydroxy-  
t r y p t a m i n e  (5-HT) in mice, i t  was found  of va lue  to be 
able  to  re la te  the  u p t a k e  of the  label led s u b s t a n c e  to t he  
endogenous  monoamines .  The  p re sen t  p a p e r  descr ibes  a 
c o m b i n a t i o n  of au to r ad i og r aph i c  t echn iques  w i t h  a h is to-  
chemica l  m e t h o d  deve loped  b y  FALCK and  HILLARP 2-5 
for loca l iza t ion  of c a t echo l amines  and  indolamines .  

Since the  e n t e r o c h r o m a f f i n  cells of t he  in te s t ine  are 
k n o w n  to c o n t a i n  large a m o u n t s  of 5 -HT 6-", these  ceils 
h a v e  been  chosen  for methodolog ic  s tud ies  of the  com- 
b i n a t i o n  of a u t o r a d i o g r a p h i c  a n d  f luorescence techniques .  

1 mC 3 H - d l - 5 - h y d r o x y t r y p t o p h a n  (G) w i t h  a specific 
a c t i v i t y  of 3.6 C/mM (Rad iochemica l  Centre ,  A m e r s h a m ,  
Eng land )  was g iven  i n t r a v e n o u s l y  to  an  a d u l t  female  
mouse.  The  dose g iven  was 3 m g / k g  b o d y  weight .  4 h a f te r  

in j ec t ion  spec imens  f rom the  gas t r ic  and  i n t e s t i n a l  
walls were f reeze-dr ied and  t r e a t e d  w i t h  f o r m a l d e h y d e  
gas 1~ Pa ra f f in  sect ions  were m o u n t e d  u n d e r  covers l ips  
in l iquid pa ra f f in  and  e x a m i n e d  and  p h o t o g r a p h e d  in the  
f luorescence microscope.  The  covers l ips  were t h e n  re- 
m o v e d  in xy lene  and  the  sect ions  were passed d o w n  an  
alcohol  series before  app l i ca t ion  of a s t r ipp ing  f i lm emul-  
s ion ( K o d a k  A R  10). Af ter  exposure  (8-10 weeks) a n d  
p h o t o g r a p h i c  process ing  some sect ions  were s ta ined ,  
while  o thers  were d e h y d r a t e d  and  e x a m i n e d  u n s t a i n e d  in 
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