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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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Fig. 1. Section ()f gastric nmcosa from mouse injected with aH-5- 
HTP. tquorescence micrograph (above) and autoradiogram {below). 
Most of the cells show both fluorescence and uptake of radioactivity 
but there is generally a~ inverse relation between the intensity of the 
fluorescence and the number of silver grains. In the bottom of the 
crypts a number of highly labelled cells are seen, most of which lack 

fluorescence. • 150. 

Fig. 2. Detail of Figure 1. i"hloresecncc mi<rograph (above) and 
autoradiograln (below). Most of the cells show both 5-VIT fluores- 
cence and radioactivity, but some strongly fluorescent cells have riot 
accumulated radioactivity and soule strongly labelled cells show 

only weak fluorescence. • 430. 

the  f luorescence microscope for compar ison  of the  fluores- 
cence p ic ture  wi th  the  au torad iogram.  

The au torad iographic  b lackening and  the  f luorescence 
could be seen s imul taneous ly  in the  UV-l igh t  and  thus  
could easily be corre la ted to  each other .  However ,  the  
qua l i ty  of the  f luorescence p ic ture  was be t t e r  on the  
pho tog raphs  of selected areas  t aken  pr ior  to  the  applica-  
t ion  of t he  au torad iographic  emuls ion.  These areas could 
t h e n  be re located in the  au torad iograms .  

In  the  gastr ic  and  duodena l  mucosa  b o t h  the  fluores- 
cence and  the  au torad iographic  b lackening were ma in ly  
located  to  a n u m b e r  of sca t t e red  ceils p robab ly  of entero-  
chromaff in  type .  The exc i ta t ion  and  emission spec t ra  
f rom the  f luorescent  ceils in the  gastr ic  mucosa  were re- 
corded  by  means  of f luorescence mic rospec t rophoto-  
m e r r y  n-13. They  were found to  be ident ical  wi th  those  
ob ta ined  f rom en te rochromaf f in  cells in the  d u o d e n u m  
and  f rom 5-HT in model  sys tems.  In  compar i son  wi th  
duodena l  en te rochromaf f in  cells, the  gastr ic  cells were 
more  rounded  and  the i r  granules were cons iderably  
larger. 

The duodena l  cells were more  in tense ly  f luorescent  t h a n  
the  gast r ic  cells, while t he  gastr ic  cells showed a m u c h  

s t ronger  up take  of the  labelled substance .  Thus  there  was 
all inverse re la t ion be tween  in t ens i ty  of f luorescence and 
au to rad iograph ic  blackening.  

Tile f luorescence seems to  indicate  t he  s torage of endo- 
genous amine (since the  in jec ted  small  dose of labelled 
5 - H T P  p robab ly  did no t  increase the  f luorescence of the  
cells), and the  up take  of rad ioac t iv i ty  appears  to  reflect  
t he  ra te  of syn thes i s  of the  amine.  Due to the  larger 
cellular depo t  of 5-HT, more a t t en t i on  has been  paid to 
the  duodenal  ceils when  s tudied  by  h i s tochemica l  me th-  
ods. However ,  the  gastr ic  cells showed a more  intense  
up take  of the  labelled precursor  and t h e y  were larger and 
more  numerous  t h a n  the  duodena l  ceils. This  po in t s  to  a 
g rea te r  p roduc t ion  of 5-HT in the  gast r ic  cells. 

I n  gastr ic  mucosa  the  radioisotope up take  was highest  
in ceils a t  the  b o t t o m  of the  c ryp t s  while f luorescence in- 
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t e n s i t y  was s t ronges t  in more  superf ic ia l ly  localized cells. 
Some cells showing  a s t rong  f luorescence seemed to  lack 
r a d i o a c t i v i t y  and  vice versa.  The  f o r m a t i o n  of 5 -HT t h u s  
seemed to be more  r ap id  in y o u n g  cells loca ted  a t  the  bo t -  
t o m  of t he  c ryp t s  a n d  t h e n  to decrease  c o n t i n u o u s l y  
d u r i n g  the  cell m i g r a t i o n  t o w a r d s  t he  gas t r ic  lumen .  The  
s i lver  gra ins  as well as t he  f luorescence were loca ted  
exclus ive ly  to  t he  cy top lasm.  

HEMPEL 14 recen t ly  found  a h igher  u p t a k e  of radio-  
a c t i v i t y  in  s imi la r  gas t r ic  cells of mice in jec ted  w i t h  aH- 
d i h y d r o x y p h e n y l a l a n i n e  (aH-DOPA) t h a n  in t he  duo-  
dena l  e n t e r o c h r o m a f f i n  cells. This  ind ica tes  t h a t  th i s  
a m i n e  p recursor  is also t a k e n  up  more  r ap id ly  b y  the  
gas t r ic  cells. 

T h e  r a t  is k n o w n  a lmos t  to  lack e n t e r o c h r o m a f f i n  cells 
in t he  s t o m a c h  15, i nd i ca t i ng  a species difference.  W e  re- 
cen t ly  found  (unpubl i shed)  t h a t  a H - D O P A  a c c u m u l a t e s  
in  s ca t t e r ed  cells of r a t  gas t r ic  mucosa  in spi te  of t h e  
h a r d l y  no t iceab le  f luorescence.  This  ind ica tes  t h a t  t he re  
is no species difference as far  as cell m e t a b o l i s m  is con- 
cerned,  on ly  w i t h  r ega rd  to s torage  capac i t y  of the  cells 
involved .  

I n  t i le muscu l a r  layers  of the  gastr ic  a n d  d u o d e n a l  wall  
a s t rong  a c c u m u l a t i o n  of r a d i o a c t i v i t y  was obse rved  in 
e longa ted  s t ruc tu res ,  poss ib ly  nerves.  A less s t rong  accu-  
m u l a t i o n  of r a d i o a c t i v i t y  could be seen in the  m y e n t e r i c  
plexa.  GERSHON et  al. 16 h a v e  recen t ly  r epo r t ed  an  u p t a k e  
of label led 5 - H T P  in these  ganglia.  The  local iza t ion  of a 
s e ro ton in  p recursor  in the  muscu la r  layers  of the  gas t ro-  

i n t e s t i n a l  t r a c t  is of i n t e r e s t  w h e n  cons ider ing  t h e  fac t  
t h a t  in j ec ted  se ro ton in  causes  c o n t r a c t i o n  of t h e  gas t ro-  
i n t e s t i na l  wal l  17. 

Zusammen/assung. Histo logische  Magen-  u n d  Duo-  
d e n u m s c h n i t t e  d e r  Maus  w u r d e n  zur  g le ichzei t igen Lo- 
ka l i s ie rung  b iogene r  A m i n e  u n d  a u t o r a d i o g r a p h i s c h e m  
Nachweis  v o n  in j i z i e r t em a H - 5 - H T P  b e n u t z t .  Die  
R a d i o a k t i v i t g t  w a r  in  d en  e n t e r o c h r o m a f f i n e n  Zellen 
lokal is ier t  u n d  in den  Zellen de r  M a g e n s c h l e i m h a u t  a m  
h6chs ten .  F l u o r e s z e n z - I n t e n s i t g t  u n d  S i lbe rk6rnchen-  
A k k u m u l a t i o n  ze ig ten  ein en tgegengese tz t e s  Verha l t en .  
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Die  B e d e u t u n g  v o n  P l a s m a f a k t o r e n  fiir d ie  i s o -  
l i e r t e  u m s t r f m t e  K a n i n c h e n n e t z h a u t  

Die isolierte W a r m b l f i t e r n e t z h a u t  a n t w o r t e t  auf  L ich t -  
reize m i t  e inem k o m p l e t t e n  E l e k t r o r e t i n o g r a m m  (ERG),  
w e n n  sic m i t  e iner  p l a s m a h a l t i g e n  L 6 s u n g  u m s t r 6 m t  
wird*. A u c h  die isol ierte K a n i n c h e n n e t z h a u t  i s t  m i t  
m e n s c h l i c h e m  P l a s m a  f iber lebend zu h a l t e n  ~. Auf  der  
Suche n a c h  den  w i r k s a m e n  F a k t o r e n  w u r d e n  P l a s ma-  
de r iva t e  ve r sch iedene r  Species geprtif t .  

Die fr i iher  angegebene  M e t h o d i k  2,a wurde  modif iz ier t ,  
i n d e m  zur  U m s t r 6 m u n g  eine M i k r o p u m p e  (Bfihler) be- 
n t i t z t  wurde ,  wobei  fiber zwei D o p p e l h a h n s y s t e m e  ver-  
sch iedene  L6sungen  wahlweise  t iber das  P r g p a r a t  oder  
fiber e inen  Kurzsch luss  gele i te t  werden  k o n n t e n .  Als 
Kon t ro l l e  d ien te  das  schon  in e iner  f r t iheren  U n t e r -  
s u c h u n g  ~ ve rwende te  Gemisch  von  modi f iz ie r te r  Tyrode-  
16sung und  a n t i h g m o p h i l e m  H u m a n p l a s m a  (AHP)  des 
0 s t e r r e i c h i s c h e n  I n s t i t u t s  ftir H / i m o d e r i v a t e ;  d a m i t  
wurde  bei  e inwandf re i  p r g p a r i e r t e n  K a n i n c h e n n e t z h ~ t u t e n  
bei  30~ ein E R G  erha l t en ,  das  aus  a-, b- und  d-Welle  
bes t and .  Die W i r k s a m k e i t  ande re r  L 6 s u n g e n  k o n n t e  
d u r c h  d i r ek t en  Vergle ich  m i t  dieser S t a n d a r d l 6 s u n g  ge- 
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E R G  der  isol ierten ums t rSmten  Kan inchenne tzhau t  bei  30 ~ Um- 
s t r6mung  mi t  Tyrodel6sung bei Zusatz  von 50 % : Pferdeplasma (links 
oben), u l t ra f i l t r i e r tem Pferdeplasma (rechts oben), u l t ra f i l t r i e r t em 
Pferdeplasma nach 5 rain Erh i t zen  auf 90 ~ (links unten),  Sehweine- 
p lasma (rechts untcn).  E iehung :  0,1 inV. Reizintensit~it 0,06 lx, 
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