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b u t  appea red  to  r e m a i n  con t inuous .  Of t he  7,026 vesicles 
observed ,  14.9% a p p e a r e d  t u b u l a r  b y  t h r e e - d i m e n s i o n a l  
ana lys i s  (Figure).  The  t u b u l a r  forms cons is ted  of a single 
m e m b r a n e - b o u n d  dense  core whi le  some were ind iv idua l  
condensa t ions  of e lec t ron-dense  m a t e r i a l  s u r r o u n d e d  b y  a 
single l imi t ing  m e m b r a n e .  However ,  t he  l e n g t h  of t h e  
t u b e s  or t he i r  ex i s tance  in a n e t w o r k  could no t  be  deter -  
m i n e d  as t h e y  usua l ly  e x t e n d e d  f rom t he  t op  or b o t t o m  
surfaces  of t h e  sect ion.  T he  t u b u l a r  fo rms  (bo th  t he  single 
and  mul t ip le  c o n d e n s a t i o n  types)  a p p e a r e d  w i t h  g rea te r  
f r equency  nea r  t he  nucleus.  T he  two  types  did  no t  a p p e a r  
to  be  i n t e r c o n n e c t e d  b y  a c o n t i n u o u s  m e m b r a n e  no r  
were t h e y  seen to  be  connec t ed  to  t h e  Golgi complex.  
Spher ica l  vesicles were occas ional ly  seen in a l inear  a r ray .  

The  v i sua l i za t ion  of t h e  t u b u l a r  fo rms  of vesicles m a y  
sugges t  t h a t  t h e  g r anu l a r  m a t r i x  wh ich  begins  to  fo rm 
in t h e  Golgi complex  en te r s  a n e t w o r k  of tubules ,  and  a t  
t he  t e r m i n a l  aspects  of t h e  s y s t e m  t h e  granules  condense  
a n d  become  enclosed b y  a s epa ra t e  m e m b r a n e .  I t  seems 
l ikely t h a t  t he  vesicles obse rved  in a l inear  a r r a y  r ep resen t  
t he  las t  s tage  in  t he  m a t u r a t i o n  of t h e  spher ica l  granules .  
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On t he  o the r  hand ,  i t  is possible  t h a t  t he  t u b u l a r  vesicles 
r e m a i n  as s epa ra t e  fo rms  a n d  m a y  be  func t i ona l l y  
d i f fe rent  f rom t h e  more  f r e q u e n t l y  encoun t e r ed  spher ica l  
vesicles. P e r h a p s  t h e  use of o the r  h e a v y  m e t a l  s t a ins  will 
p rov ide  b e t t e r  r e so lu t ion  of t he  m e m b r a n e  sys tems  of t h e  
ad r ena l  medu l l a  for t h r e e - d i m e n s i o n a l  ana lys i s  a n d  more  
precise i n f o r m a t i o n  a b o u t  t h e  d e v e l o p m e n t  of t he  cate-  
c h o l a m i n e - c o n t a i n i n g  vesicles c a n  be  ob ta ined .  

C o m p a r i n g  these  d a t a  w i t h  t h a t  o b t a i n e d  f rom conven-  
t i ona l  e lec t ron  microscopy,  i t  seems l ikely t h a t  t he  irreg- 
u la r  forms of vesicles (ovoid, e longated ,  c o m m a - s h a p e d ,  
dumbe l l - shaped)  r epo r t ed  b y  o the r  i nves t iga to r s~176  
resu l t  f rom t a n g e n t i a l  sec t ion ing  t h r o u g h  these  t u b u l a r  
forms.  I n  u l t r a t h i n  sect ions  a r ecogn i t ion  of t u b u l a r  forms 
would  be  diff icult .  E v e n  t h o u g h  i n t e r c o n n e c t i o n s  were 
no t  found  in a f reeze-e tch ing  s t u d y  0 t h e  poss ib i l i ty  t h a t  
these  t u b u l a r  vesicles i n t e r c o n n e c t  shou ld  r e m a i n  open  
for f u r t h e r  inves t iga t ion .  

Zusammen/assung. Nachweis ,  dass  die ca t echo l amin -  
ha l t i gen  VesikeI des N e b e n n i e r e n m a r k e s  eine sehr  spezi- 
f ische d re id imens iona le  F o r m  h a b e n ,  die sich bet  der  
gew6hn l i chen  T r a n s m i s s i o n s e l e k t r o n e n m i k r o s k o p i e  n u t  
d u r c h  Unregelm/~ssigkei ten b e m e r k b a r  m a c h t ,  j edoch  m i t  
Hilfe  der  S t e r e o - E l e k t r o n e n m i k r o s k o p i e  m i t  H o c h s p a n -  
n u n g  s i c h t b a r  g e m a c h t  werden  kann .  
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Development of Enterochromaffin and Dopamine Cells in the Gastrointestinal Tract of the Calf 

The  ga s t ro in t e s t i na l  (G-I) t r a c t  of t he  cow and  some 
o the r  species con ta ins  n u m e r o u s  amine - s t ro ing  cells 1. 
E n t e r o c h r o m a f f i n  cells (EC) are cha rac te r i zed  b y  5- 
h y d r o x y t r y p t a m i n e  (5-HT) ~, whereas  w h a t  are cal led 
' d o p a m i n e  cells'  (DC) h a v e  been  shown  to con t a in  
d o p a m i n e  3. The  epi the l ia l  or igin of t he  EC has  been  
genera l ly  accepteda,  5, whereas  i t  is p r e s u m e d  t h a t  DC 
be long  to  t he  m a s t  cell ca tegory  ~ I t  is cha rac t e r i s t i c  of 
G-I  a m i n e - s t r o n g  cells t h a t  t h e y  a p p e a r  a t  ear ly  s tages  
of deve lopmen t ,  whereas  a c c u m u l a t i o n  of amines  b y  
these  ceils was  shown  to  v a r y  in v ivo  a n d  in v i t ro  experi-  
m e n t s  7,s. Because  t he re  are no d a t a  conce rn ing  t he  
a p p e a r a n c e  of DC in t he  G-I  t r ac t ,  an  a t t e m p t  was m a d e  
to  cor re la te  t he  d e v e l o p m e n t  of DC w i t h  t h a t  of o the r  
a m i n e - c o n t a i n i n g  s t ruc tures ,  us ing  t he  specific h is to-  
chemica l  m e t h o d  to  d e m o n s t r a t e  m onoam i nes .  

Material and methods. 19 e m b r y o n a l  calves  of b o t h  
sexes were s tudied .  The  age of t he  e m b r y o s  was de ter -  
m i n e d  on  t he  bas is  of b o d y  l e n g t h t  The  e m b r y o s  were 
o b t a i n e d  w i t h i n  a b o u t  5 ra in  a f te r  shoo t ing  the  cow and  
smal l  pieces were cu t  i m m e d i a t e l y  f rom t he  corpus  and  
a n t r u m  area  of t he  s tomach ,  t he  oral  t h i r d  of t he  duode-  
n u m  and  t he  j e j u n u m ,  t he  i l eum t e r m i n a l e  a n d  t he  oral  
t h i r d  of t he  colon. The  pieces were i m m e d i a t e l y  frozen in 
i s o p e n t a n  precooled w i t h  l iqu id  n i t rogen .  The  h i s tochemi -  
cal m e t h o d  to d e m o n s t r a t e  m o n o a m i n e s  fol lowed t he  
pr inc ip les  ou t l ined  b y  ERXNK6 10 and  FALCK et al. 11. The  
spec imens  were f reeze-dr ied a t  - -40 ~ in vacuo  for  24 to  
48 h. T h e n  t e m p e r a t u r e  of t he  ho lder  in vacuo  was 
g radua l ly  increased  to  above  room t e m p e r a t u r e .  The  
spec imens  were t r e a t e d  w i t h  f o r m a l d e h y d e  v a p o u r  a t  

80 ~ for 1 h. P a r a f o r m a l d e h y d e  was equ i l i b r a t ed  a t  60% 
h u m i d i t y .  The  pa ra f f in  sect ions  were cu t  pe rpend icu l a r ly  
to  the  axis  of the  i n t e s t i n u m  and  c o n t a i n e d  all i n t e s t i na l  
layers.  The  n u m b e r  of EC a n d  DC was d e t e r m i n e d  for t he  
duodenum.  The  t o t a l  cells coun ted  for each  spec imen  va r i ed  
f rom 150 to  250. The  vo lume  of 5 ~m a d j a c e n t  sect ions  
was d e t e r m i n e d  b y  p l a n i m e t e r  and  a p p r o p r i a t e  cor- 
rec t ions  were madel~.  

Results. EC were f i rs t  seen in the  d u o d e n u m  and  in  t he  
o the r  pa r t s  of t he  G-I  t r a c t  before  t he  7 th  e m b r y o n i c  
week. The  cells were ident i f ied  b y  t h e i r  b r igh t ,  s t rong  
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Fig. 1. Formaldehyde-induced fluorescence (FIF) photograph of the 
duodenum of a 17.5-week-old calf embryo. Greenish fluorescent 
grauular DC (arrows) are smaller than EC. DC are seen in the epi- 
thelial layer, in the lamina propria and occasionally also in the sub- 
mucous layer, whereas EC are located only in the epithelial layer. 
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Fig. 2. The number on DC determined per unit of volume of the 
duodenal mucosa (see Methods). The formula of the regression line 
was y = 5.4 + 0.07 .X. 
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Fig. 3. The number of EC determined per unit volume of the mucosa 
similiarly to that in Figure 2. The number of EC remained constant 
during the embryonic period investigated. The formula of the 
regression line was y = --0.4 + 0.1 .X. 

and yellow fluorescence and  coarse cy toplasmic  granules.  
The EC were a lways located among  o ther  epi thel ial  cells 
of the  mucous  m e m b r a n e  and main ly  a t  the  c ryp ts  of 
Lieberki ihn  (Figure 1). F o r m  and size of cells cor responded 
to  t h a t  of adul t  animals1.  Counts  of EC per  uni t  of 
volume remained  qui te  cons t an t  following the i r  f i rs t  
appearance  (Figure 3). The t?;C were the  only s t ruc tures  
of the  G-I t r ac t  showing br igh t  yel low formaldehyde-  
induced fluorescence. 

DC were first  ident i f ied in the  in tes t ina l  t r ac t  a t  the  
age of 8 weeks. In  the  s tomach  DC were f irs t  seen abou t  
1 week later.  Duodenal  DC counts  were much  lower t h a n  
the  respect ive  EC counts  (Figures 2 and  3). The same 
observa t ion  was made  also in o ther  areas of the  inte-  
s t inum.  Dur ing  embryonic  deve lopmen t  a clear increase 
in DC count  was regis tered (Figure 2). T h e  DC were 
easily ident i f ied by  the i r  greenish, s t rong cy toplasmic  
fluorescence. The cells were also clearly smaller  t h a n  EC 
and of more  irregular  shape.  The cy top la sm was charac-  
ter ized by  few large, coarse granules.  Most  of the  DC were 
located be tween  epithel ial  cells of the  mucous  m e m b r a n e  
at  early stages of deve lopment .  La te r  indiv idual  cells and 
groups of t h e m  were seen in the  lamina  propr ia  and in t he  
submucous  layer. Dur ing  ear ly  embryonic  stages, no DC 
were seen in the  muscular  and subserous layers, bu t  a t  
the  age of 10 to 15 weeks and later, individual  ceils were 
seen in these  areas also. Greenish f luorescent  nerve  f ibers 
were seen in the  muscular  and submucous  layers of the  
in t e s t inum even a t  the  age of 7 weeks. These s t ruc tures  
did no t  have  any  ap p a ren t  connect ion  wi th  the  DC, 
which were seen at  t h a t  s tage and la ter  mos t  a b u n d a n t l y  
be tween  epithelial  cells and  in t he  villous areas of the  
mucous  membrane .  Ind iv idua l  DC were mos t ly  ad jacen t  
to vascular  channels  in the  submucous  and  muscular  
layers. 

Discussion. The presen t  results  are cons i s ten t  wi th  
earlier observa t ions  on o ther  m a m m a l i a n  species1,4, 5 
t h a t  5-HT accumula tes  ill the  EC dur ing  early embryon ic  
stages. Because the  EC were the  only 5-HT-conta in ing  
s t ruc tures  in the  G-I t r ac t  of the  calf, and  because the  
cells were always located among  the  epithel ial  cells of the  
mucous  m e m b r a n e  and  inside the  b a s e m e n t  membrane ,  
it  seems obvious t h a t  the  ceils are special ized in the  
in tes t ina l  epi thel ial  layer  and are p r e sumab ly  of epithelial  
origin as suggested earlier4, 5. The p resen t  observa t ions  
on special izat ion of the  cells to produce  5-HT at  the  age 
of 7 weeks of in t rau te r ine  life are in ag reemen t  w i th  
earlier observa t ions  when specific s ta inings  were used to  
d e m o n s t r a t e  the  cells 13. 

The presen t  observa t ions  ind ica ted  t h a t  dur ing  
embryonic  deve lopmen t  DC were easily d is t inguished  
f rom EC. At  early s tage of deve lopment ,  surpr is ingly 
mos t  of the  DC were located be tween  in tes t ina l  epi thel ial  
cells. They  were, however,  readi ly  ident i f iable  by  the i r  
fluorescence, size, shape  and  cy top lasmic  granular i ty .  
DC did no t  seem to have  any  a p p a r e n t  connec t ion  wi th  
adrenargic  nerves in any  phase  of deve lopment .  The 
p resen t  resul ts  on embryonic  calves seem to suppor t  
earlier f indings on adul t  animals  t h a t  DC are specialized 
dopamine-s to r ing  cells and  are obviously  one type  of 
mas t  cells character is t ic  only  of some ruminan t s  8. 
Concomi tan t  d i f ferent ia t ion  of EC and  DC in all pa r t s  of 
the  G-I t r ac t  of the  calf embryo  at  the  6 th  to  8th week of 
in t rau te r ine  life m a y  be an indica t ion  of the  significance 
of these  cell t ypes  for G-I func t ion  even  dur ing  ear ly  
stages of deve lopment .  

la R. FAIJSTINI, Am. J. vet. Res. 16, 397 (1955). 



1462 Specialia EXPERIENTIA 30/12 

Zusammen/assung. Nachweis  der  ers ten en te rochrom-  
aff inen und  dopaminen  Zellen im M a g e n d a r m t r a k t u s  
des Rindes  w/ihrend der 6. und  7. Woche  der E m b r y o n a l -  
entwicklung.  Die Differenzierung der be iden  Zel l typen  
gelang leicht mi t te l s  Fluoreszenz (Formaldehyd) ,  topo-  

graphischer  Ver te i lung nnd  Zellstruktur.  W~hrend  die 
en te rochromaf f inen  Zellen aus den Darmepi the lze l len  
s t ammen ,  scheint  es sich bet den dopaminen  Zellen um 
Mastzel len zu handeln .  
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Teratogenic Effects of Tryptophane on the Development of Chick Embryo 

Though  congeni ta l  anomalies  were known to be pro-  
duced by  ionizing rad ia t ions  ~, viruses and  bacteria~, *, 
an t ime tabo l i t e s  4, v i t amins  ~, alkaloids 6 and a var ie ty  of 
chemicals  7 9 work  on the  t ox i c i t y  of amino acids is 
re la t ively  meagre.  HERRMANN 10 and t~OTHFELS 11 repor ted  
the  incidence of deve lopmenta l  abnormal i t ies  in exp lan ted  
chick embryos  wi th  amino  acid analogues.  Leucine and  
leucine analogue, hypoglycine-A,  were shown to  be 
tera togenic  in ra t  and  chick embryos  ~2-~4. NAIDU la 
repor ted  the  effect  of L-arginine hydrochlor ide  on the  
deve lopmen t  of ra t  embryos .  The dysmorphogene t i c  
effects were main ly  localized in the  h ind  l imb develop- 
ment .  The presen t  s tudy  inves t iga tes  the  effect  of t r y p t o -  
phane  on the  deve lopmen t  of chick embryos  and  i t  is 
d i s t r ibu ted  in pro te ins  a t  a low level. 

Materials and methods. Fresh ly  laid fert i le eggs of 
whi te  leghorn chickens were collected and  incuba ted  at  
37 ~ wi th  80% relat ive humid i ty .  The eggs were d iv ided 
in to  2 groups.  The contro l  groups  compr ised  a to ta l  of 
20 eggs, and a set  of 30 eggs formed the  expe r imen ta l  
group. Inocula t ion  of the  eggs was done by  the  m e t h o d  of 
KAPLAN and C-RABOWSKI 16. The eggs were r emoved  f rom 
tile incuba tor  and swabbed  witt l  alcohol. Tile needle was 
inser ted  into the  yolk  sac lateral  to the  marg ina l  vein  and 
the  solut ion was released jus t  benea th  the  area vasculosa 
and subsequen t ly  sealed wi th  paraf f in  wax  and re tu rned  
to tile incubator .  

Af ter  72 h of incubat ion,  half  of the  control  group 
received 0.5 ml  of saline and the  exper imenta l  groups 
received 2.0 mg of t r y p t o p h a n e  th rough  0.5 ml  of saline 
(L- t ryptophane  was ob ta ined  f rom B D H  pool, England) .  
The remaining  half  of the  control  group were swabbed  
wi th  alcohol daily and al lowed to develop normally.  The 
eggs were candled  and  t h e  dead  embryos  were r emoved  
and examined  for mal format ions ,  if any. Af ter  8 days  of 
incubat ion ,  the  eggs were r emoved  f rom the  incuba tor  and 
the  embryos  were isolated,  washed in salille and f ixed in 
10% formaldehyde  and observed for mal format ions .  

Results and discussion. The results  (Table) indicate  t h a t  
the  amino acid t r y p t o p h a n e  has a def ini te  te ra togenic  
potent ia l .  The main  dysmorphogene t i c  effects were 
those of l imb deformit ies ,  rumplessness  (Figure) and 
visceral  abnormal i t ies  wi th  exposed in tes t ines  and other  
visceral  organs indica t ing  the  sites of action. All the  
exper imenta l  embryos  were smaller  in size t h a n  the  control  
group. T r y p t o p h a n e  is i m p o r t a n t  as a raw mate r ia l  for 
the  p roduc t ion  of niacinamide.  Kynuren ine ,  quinolinic 
acid and nicot inic  acid r ibot ide  are t he  in t e rmed ia te  
p roduc t s  in the  metabol ic  p a t h w a y  of t r y p t o p h a n e  to 
n ico t inamide  ~. 

Deve lopmen ta l  abnormal i t i es  p roduced  by  amino acid 
and amino  acid analogue s have  been  a t t r i b u t e d  by  
HERRMANN10, ]~OTHFELS ~I and PERSAUD 12 to be an 
inbalance  in the  amino acicl pool  which  con t r ibu tes  to  the  

8-day-old embryos. Right: Experimental embryo showing the 
absence of the forelimb on one side together with rumplessness, 
reduced size and delayed growth in contrast to the control embryo 
(left). 

1 j.  N. YAMAZAKI, Pediatrics. Springfield 37, 877 (1966). 
2 N. M. GREGG, Trans. opthal. Son. Austr. 3, 35 (1942). 
s C. G. BROWN, Adv. TeratoL 7, 55 (1966). 

J. B. THIERSCH, Am. J. Obstet. Gynec. 63, 1298 (1952). 
5 K. VERSA and WEIKING, Indian. J. exp. Biol. 5, 49 (1967). 
6 DE MYER, Extr. Archs Anat. Histol. Embryol. 40, 181 (1965). 
7 R. J. BLATTNER, J. Pediat. 66, 1102 (1965). 
8 D. G. TRASLER, Lancet 7, 606 (1965). 

W. HUGHES, Br. J. Pharmae. 25, 317 (1965). 
lo H. HERR~IAN~, J. Embryol. exp. Morph. 1, 291 (1953). 
11 U. ROT~FELS, J. exp. Zool. 125, 17 (1954). 
t~ T. V. N. PERSAUD, West Indian med. J. 78, 34 (1969). 
13 T. V. N. PERSAUD and S. KAPLA~, Life Set. 9, 1305 (1970). 
1~ e. M. BERGSTROM, T. ERILA and R. PIRSKANEN, Experientia 23, 

767 (1967). 
15 R. CHANDRAMOHA~ NAtDU, Aust. J. exp. Biol. reed. Set. 51, 553 

(1973). 
1, S. KAPLAN and C. T. GRABOWSKI, J. exp. Zool. 165, 325 (1967). 
~7 p. SwA~ and L. M. HENDERSON, in The Encyclopedia o/ Bio- 

chemistry (Eds. R. J. WILLIAMS and E. M. LANSFORD; Reinhold 
Publishing Corp., New York 1967), p. 582. 


