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Electron Microscope Autoradiography of the Mouse Fundic Mucosa after Injection of Trit iated 
L - D O P A  

The  presence  of 5 - h y d r o x y t r y p t a m i n e  (5-HT) in t he  
en t e roch romaf f in  cell sy s t em has  been  known  since long L 
In  add i t i on  the re  are cells in t he  gas t ro in tes t ina l  t r a c t  
which  lack endogenous  occurrence  of 5-HT, b u t  have  the  
capab i l i ty  to  accumula te ,  and  conve r t  to  t he  cor respond-  
ing amine,  t he  in jec ted  m o n o a m i n e  precursors  d i h y d r o x y -  
pheny la l an ine  (DOPA) and  5 - h y d r o x y t r y p t o p h a n  (5- 
H T P )  *. This  process  has  h i t h e r t o  been  s tud ied  w i t h  
f luorescence mic roscopy  a n d  l ight  microscopic  au to-  
r ad iog raphy  s, ,, is. 

I n  the  e lec t ron  microscope  i t  is possible  to  d i s t ingu ish  
several  t ypes  of en t e roch romaf f in  cells charac te r i zed  b y  
d i f fe ren t  appea rance  of t he  specific granules  in t he  
c y t o p l a s m  TM. In  the  l ight  microscope  it is, however ,  
imposs ible  to  iden t i fy  t he  d i f fe ren t  en te rochromaf f in  
cell  types .  

In  t he  p r e sen t  inves t iga t ion ,  t h e  fundic  g land  area  of 
t h e  mouse  has  been  chosen  tor  an  a t t e m p t ,  b y  m e a n s  
of e lec t ron  microscope  au to rad iog raphy ,  to  es tab l i sh  in 
which  cells a m o n o a m i n e - a c c u m u l a t i o n  t akes  p lace  a f te r  
t he  in jec t ion  of DOPA.  The  fundic  g land area  has  been  
shown to  con ta in  cells w i th  the  monoanaine precursor  
accumula t ing  capab i l i ty  2. 

Two male  a lbino mice (NMRI-s t ra in)  weighing 20 g 
were  in jec ted  t h r o u g h  the  cauda l  ve in  w i th  1.5 mCi ring- 

2-5-6-3H-labelled L-3(3 ,4 -d ihydroxypheny l )a lan ine  (L- 
DOPA),  spec. act .  28 C i ] m M  (Rad iochemica l  Centre,  
Amersham,  England) ,  The  dose co r responded  to  0.54 mg  
L-DOPA/kg  b o d y  weight ,  The  mice  were  kil led 2 and  
4 h a f te r  the  in jec t ion  and  smal l  pieces of t he  s t o m a c h  
f rom the  fundic  g land  area  were  r ap id ly  r e m o v e d  a n d  
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Fig. 1. Enterochromaffin cell of the first type 
from a fundic gland lying on the basement 
membrane (bm). Silver grains are seen pre- 
dominantly over the round dense granules 
in the cytoplasm. Zymogen granules (zg) and 
endoplasmatic reticulum (er) of adjacent 
chief cells, x 13,000. 
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i m m e r s e d  in a cold 2 .5% g l u t a r a l d e h y d e  so lu t ion  in a 
T y r o d e  m e d i u m  p H  7.4. Af t e r  2 h of f i xa t i on  t he  speci- 
m e n s  were r insed  in T y r o d e  so lu t ion  a n d  t r a n s f e r r e d  to  
a cold i so tonic  so lu t ion  of o s m i u m  t e t r o x i d e  buf fe red  
to  p H  7.4 for  a n  a d d i t i o n a l  f i xa t i on  per iod  of 2 h. Af te r  
d e h y d r a t i o n  in  e thano l ,  t he  t i ssue  pieces were e m b e d d e d  
in  Epon .  T h e  p rocedu re  for e l ec t ron  mic roscop ic  au to -  
r a d i o g r a p h y  h a s  b e e n  desc r ibed  b y  ear l ie r  a u t h o r s  la. T h e  
sec t ions  c u t  were 400-600 A th ick .  I l ford  L 4 emu l s ion  
was  used.  The  exposure  t i m e  was  8 weeks.  T h e  spec imens  
were  s t u d i e d  in a S iemens  E l m i s k o p  I.  

O n  t h e  e l ec t ron  mic roscope  a u t o r a d i o g r a p h s ,  a s t r o n g  
a c c u m u l a t i o n  of s i lver  g ra ins  cou ld  b e  seen  ove r  cells of 
e n t e r o c h r o m a f f i n  type ,  which ,  o n  t h e  bas i s  of d i f f e ren t  
a p p e a r a n c e  of t h e  granules ,  could  b e  sa id  to  be  of 2 
d i f f e ren t  types .  S i lver  g ra ins  ove r  z y m o g e n  cells or  ove r  
p a r i e t a l  cells were  few a n d  s e e m e d  to  be  w i t h o u t  a n y  
p re fe ren t i a l  loca l iza t ion .  On  con t ro l  sec t ions  h a n d l e d  for  
a u t o r a d i o g r a p h y  f rom 2 mice  n o t  i n j ec t ed  w i t h  3H-DOPA,  
specific a c c u m u l a t i o n  of s i lver  g ra ins  ove r  special  cells 
or  cell  s t r u c t u r e s  cou ld  n o t  be  seen. 

T h e  f i rs t  cell  t y p e  ove r  w h i c h  a n  a c c u m u l a t i o n  of 
s i lver  g ra ins  could  b e  seen  (Figures  1 a n d  3A) h a d  r o u n d  
g ranu les  w i t h  a d i a m e t e r  v a r y i n g  f r o m  150-250 n m  a n d  
w i t h  a h o m o g e n o u s  appea rance ,  a n d  a r a t h e r  h i g h  e l ec t ron  

opac i ty .  T h e  cells h a d  a basa l  loca t ion  in t h e  e p i t h e l i u m  
of t h e  deeper  p a r t s  of t h e  gas t r ic  g l a n d s  w i t h o u t  a n y  
c o n t a c t  w i t h  t h e  g l a n d  lumen .  T h e  a p p e a r a n c e  of these  
cells is s imi l a r  to  cells in  t h e  mouse  fund ic  m u c o s a  
desc r ibed  b y  H:ELANDER 5's, a n d  b y  h i m  cal led a r g y r o p h i l  
cells. S imi la r  cells h a v e  also b e e n  desc r ibed  in  severa l  
o t h e r  species b y  o t h e r  a u t h o r s  ~-1~. These  cells show 
s imi la r i t i es  w i t h  t h e  a-cells of t h e  p a n c r e a t i c  islets,  a n d  
i t  h a s  b e e n  p roposed  1° t h a t  t h e y  m i g h t  be  t h e  p r o d u c e r  
of t h e  i n t e s t i n a l  g lucagon  14. 

T h e  second e n t e r o c h r o m a f f i n  cell  t y p e  over  w h i c h  a n  
a c c u m u l a t i o n  of s i lver  g ra ins  cou ld  b e  seen  (F igures  2 
a n d  3B)  h a d  2 k i n d s  of granules .  Some  of t h e m  were  
sma l l  ( abou t  1 5 0 n m )  c o n t a i n i n g  a r o u n d  or  i r r egu la r  
o smoph i l i c  b o d y  s u r r o u n d e d  b y  a c lea r  space.  O t h e r  
g ranu le s  were  l a rger  (300-600 n m)  a n d  s e e m e d  to  l a ck  
c o n t e n t  or  c o n t a i n e d  on ly  a sinai1 osmoph i l i c  body .  Also 
t he se  cells h a d  a basa l  l oca t ion  in  t h e  deepe r  p a r t s  of  
t h e  gas t r i c  g l a n d s  a n d  t h e y  seemed  t o  l ack  c o n t a c t  w i t h  
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Fig. 2. Silver grains with a selective localiza- 
tion over the cytoplasm of 2 enterochromaffin 
ceils of the second type. Nucleus (n) of an 
enterochromaffin cell; parietal cell (p); chief 
cells (oh). × 9,000. 
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t h e  g l and  lumen .  Cells s imi l a r  to  these  h a v e  been  de-  
sc r ibed  in t he  fund ic  m u c o s a  of o t h e r  species x0-1s T h e y  
show s imi la r i t i es  w i t h  cells in  t h e  s y m p a t h e t i c  t r u n k  15. 
T h e y  m i g h t  in  p a r t  co r r e spond  to  t h e  cells w h i c h  h a v e  b e e n  
cal led ' e n t e r o c h r o m a f f i n - l i k e '  b y  H~.KANSSON, L I L J A  a n d  
OWMAN 16 a n d  t h e y  m i g h t  t h e n  also c o n t a i n  h i s taminXL 

• . ~ ~.~ 

A 

A n y  c o n t a c t  w i t h  t h e  g l and  l u m e n  h a s  n o t  been  o b s e r v e d  
in t h e  2 cell  t y p e s  descr ibed  in t h e  p r e s e n t  i nves t iga t ion ,  
or in  m o s t  ear l ie r  i n v e s t i g a t i o n s  where  t h e  c o r r e s p o n d i n g  
cells h a v e  b e e n  desc r ibed  e,10-1~ F r o m  t h e  morpho log i ca l  
p o i n t  of view, i t  t he r e fo re  does  n o t  seem p r o b a b l e  t h a t  
t h e y  are  t h e  p r o d u c e r s  of t h e  gas t r i c  a n t i p e r n i c i o u s  p r in -  
ciple ( the  in t r in s i c  fac tor)  as h a s  b e e n  p roposed  is. 

T h e  class ical  e n t e r o c h r o m a f f i n  cell  w i t h  e n d o g e n o u s  
5 -HT c o n t e n t  is l a c k i n g  a l m o s t  e n t i r e l y  in  t h e  fund ic  
m u c o s a  of t h e  mouse lS  a n d  could  n o t  be  o b s e r v e d  in t h e  
p re sen t  i nves t iga t ion .  O t h e r  e n t e r o c h r o m a l f i n  cell  types ,  
w i t h  or  w i t h o u t  s i lver  g r a i n  a c c u m u l a t i o n ,  could  n o t  be  
obse rved  e i ther .  I n  t h e  e n t e r o c h r o m a f f i n  cells obse rved ,  
t h e  s i lver  g ra ins  were p r e d o m i n a n t l y  local ized to  t h e  
specific granules .  5 -HT fo rmed  a f t e r  5-HTP-inject ior~s  
to  mice  h a v e  a s imi la r  loca l iza t ion  ove r  t h e  g ranu les  in  
t h e  pa ra fo l l i cu l a r  cells of t h e  t h y r o i d  19. T h e  m o n o a m i n e s ,  
wh ich  in some  species are  s to red  e n d o g e n o u s l y  in  t h e  
p a n c r e a t i c  islets,  a n d  in t h e  pa ra fo l l i cu la r  ceils, also h a v e  
th i s  g ranu le - loca l i za t ion  s0,21. 

Zusammenfassung. N a c h  I n j e k t i o n  v o n  S H - D O P A  wur -  
de  bei  d e r  M a u s  i m  F u n d u s  des  Magens  u l t r a s t r u k t u r e l l -  
a u t o r a d i o g r a p h i s c h  eine M a r k i e r u n g  v o n  zwei ve rsch ie -  
d e n e n  e n d o k r i n e n  Z e l l t y p e n  festgestel l t .  
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Fig. 3. A) Detail of the first enterochromaffin cell type showing the 
dense granules of a uniformly round shape. B) Detail of the second 
enterochromaffin cell type with the 2 types of granules. Small 
granule (sg); big granule (bg). The silver grains are seen in associa- 
tion with the granules in the cells, x 40,000. 
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Quant i tat ive  S tudies  on  the A c c u m u l a t i o n  of Tetracyc l ine  in T u m o r s  

T e t r a c y c l i n e  f luorescence  a f t e r  o ra l  or  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 h i s  d r u g  ha s  b e e n  r e p o r t e d  in a 
v a r i e t y  of h u m a n  a n d  e x p e r i m e n t a l  a n i m a l  t u m o r s  1-5. 
A n  imp l i c i t  a s s u m p t i o n  in these  s tud ie s  is t h a t  t h e r e  is 
a se lec t ive  c o n c e n t r a t i o n  due  t o  some  spec ia l  a f f i n i t y  
of  t h e  t u m o r s  for  t h e  drug.  A s im i l a r  suppos i t i on  in  t h e  
case  of p o r p h y r i n  f luorescence  of t u m o r s  was  s h o w n  to  
be  e r roneous  s. P r o p e r  q u a n t i t a t i v e  s tud ies  s u p p o r t i n g  
t h i s  a s s u m p t i o n  would  p r o v i d e  a p r o p e r  f o u n d a t i o n  for  
c l in ica l  s tud ie s  a n d  for  t h e  i n v e s t i g a t i o n  of t h e  m e c h a -  
n i s m  invo lved .  

W e  h a v e  e x a m i n e d  b y  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  
m e t h o d s  t h e  d i s t r i b u t i o n  of t e t r a c y c l i n e  f luorescence  a n d  
t h e  t e t r a c y c l i n e  c o n c e n t r a t i o n  in  a t r a n s p l a n t a b l e  r a t  
t u m o r  sys t em.  Our  conc lus ions  a re  t h a t  t h e  t e t r a c y c l i n e  
c o n c e n t r a t i o n  in seve ra l  o rgans  of t h e  r a t  is c o n s i d e r a b l y  
h i g h e r  t h a n  t h a t  in  t he  v i ab l e  p o r t i o n s  of t h e  t u m o r ,  

b u t  t h a t  t h e  t e t r a c y c l i n e  c o n c e n t r a t i o n  is h i g h e s t  in  
nec ro t i c  a reas  of t h e  t u mo r s .  Visible  f luorescence in v i v o  
d e p e n d s  u p o n  t h e  f o r m a t i o n  of a co mp l ex  w i t h  f ree  
c a l c i u m ion t h a t  is a b u n d a n t  in  t h e  necro t ic  t u m o r  t issue.  
N o n f l u o r e s c e n t  t e t r a c y c l i n e  a c c u m u l a t e s  in  o t h e r  t issues.  
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