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I m m u n o h i s t o c h e m i c a l  and Ultrastructural  Detect ion of the Secret in  Cell in the Pig  Intest inal  m u c o s a  

Recen t ly ,  i t  h a s  been  shown  t h a t  a special ized endo-  
c r ine  cell of t he  dog smal l  i n t e s t i ne  reac t s  to  a n t i s e r a  
aga ins t  s y n t h e t i c  ~ or n a t u r a l  2 porc ine  secret in.  The  s t a i n i n g  
of t he  sec re t in  cell in  immunof luo re scence  was found  to  be  
i m p r o v e d  b y  t he  use of ca rbod i imide - f ixed  tissueS, T h e  
morpho logy ,  d i s t r i b u t i o n  a n d  s t a in ing  p a t t e r n s  of i m m u -  
no f luo rescen t  cells were in keep ing  w i t h  those  of u l t r a -  
s t r u c t u r a l l y  iden t i f i ed  S cells a,4, whose  i n v o l v e m e n t  in  
secre t in  secre t ion  a n d / o r  s torage  h a d  a l r eady  been  sug- 
ges ted  4, 5 

I n  t h i s  s t u d y  a n t i s e r a  aga ins t  s y n t h e t i c  porc ine  secre t in  
h a v e  been  used to  de t ec t  secre t in  cells in  ca rbod i imide -  
f ixed  p ig  in tes t ine .  Para l l e l  e lec t ron  mic roscopy  s tud ies  
h a v e  been  m a d e  in o rder  to  gain  f u r t h e r  i n f o r m a t i o n  con- 
ce rn ing  t he  u l t r a s t r u c t u r e  of t he  sec re t in  cell. 

Mater ials  and methods. As r e p o r t e d  e lsewhere  ~, an t i -  
secre t in  an t ibod ie s  were o b t a i n e d  b y  coupl ing  s y n t h e t i c  
porc ine  secre t in  (Squibb,  lo t  SQ 18, 7 7 3 - E S - X X X I - 1 4 A )  
to  r a b b i t  s e r u m  a l b u m i n  (Pentex)  us ing  1-ethyl-3-(3-di-  
m e t h y l a m i n o p r o p y l )  c a rbod i im ide  h y d r o c h l o r i d e  (Ott) ,  
a n d  inj ec t ing  t he  con juga t e  - in  i ncomple t e  FREUZqD'S ad-  
j u v a n t  - in  2 New Zea land  r abb i t s .  E a c h  r a b b i t  rece ived  
6 doses a t  m o n t h l y  in te rva ls ,  each  dose co r r e spond ing  to  
0.5 m g  of secret in .  The  se rum o b t a i n e d  a f t e r  t he  s i x t h  in- 
j ec t ion  was a s sayed  w i t h  a cond i t i oned  h e m a g g l u t i n a t i o n  
t e c h n i q u e  ~. The  t i t r e  of t h e  a n t i b o d i e s  was found  to  be 
1/1024 in one r a b b i t  a n d  1/1538 in t he  o ther .  

Samples  f rom pig  d u o d e n u m ,  j e i u n u m ,  i leum, colon, 
s t o m a c h  a n d  panc rea s  were f ixed in  c a r b o d i i m i d e  accord-  
ing to  KENDALL et  s l y  a n d  sec t ioned  in a c y r o s t a t ;  sec- 
t i ons  were i n c u b a t e d  w i t h  t he  g lobu l in  f r ac t ion  o b t a i n e d  
f rom an t i - s ec re t in  sera  t h r o u g h  a m m o n i u m  s u l p h a t e  pre-  
c ip i t a t ion ,  w a s h e d  a n d  t r e a t e d  w i t h  f luoresce ina ted  goa t  
a n t i - r a b b i t  7 S 7-globul in  se rum (HYLAI~D), Contro ls  were 
m a d e  b y  1. u s ing  n o r m a l  r a b b i t  g lobul ins ,  r a b b i t  an t i -  
porc ine  insu l in  se rum or r a b b i t  a n t i - h u m a n  (2-17) gas t r i n  I 
s e rum in s t ead  of an t i - sec re t in  globul ins ,  2. a d d i n g  excess 
s y n t h e t i c  porc ine  secre t in  to  t he  an t i - s ec re t in  globul ins ,  
a n d  3. o m i t t i n g  t h e  f i rs t  s tep  a n d  s t a in ing  sect ions  w i t h  
f luo resce ina ted  goa t  serum.  

Samples  f rom the  a b o v e  t issues  were  also f ixed 3 h a t  
4~ w i t h  2% f o r m a l d e h y d e  + 2,5% g l u t a r a l d e h y d e  in 

0.12Vf p h o s p h a t e  buf fe r  p H  7.4, pos t f ixed  w i t h  1% o s m i u m  
te t rox ide ,  d e h y d r a t e d  in e t h a n o l  a n d  e m b e d d e d  in E p o n  
812; u l t r a m i c r o t o m i c  sect ions  were s t a ined  w i t h  u r a n y l  
ace t a t e  a n d  lead c i t ra te .  O t h e r  samples  were  f ixed in  
fo rma ldehyde ,  f o r m a l d e h y d e - g l u t a r a l d e h y d e  m i x t u r e  or  
O r t h ' s  f lu id  a n d  e m b e d d e d  in pa ra f f in ;  sec t ions  were s t a in -  
ed w i t h  d iazon ium,  x a n t h y d r o l ,  a rgen ta f f in ,  HCl - to lu id ine  
blue,  l e a d - h e m a t o x y l i n  or Gr imel ius '  s i lver  me thods ,  as 
se lect ive  s t a in s  for endocr ine  cell g ranules  ~, ~, 4. 

Results  and  discussion. I n  i m m u n o f l u o r e s c e n c e  t e s t s  
us ing  an t i - s ec re t in  an t ibod ies ,  n u m e r o u s  cells d i sp lay ing  
select ive green  f luorescence were found  to  be  s ca t t e r ed  in  
t h e  e p i t h e l i u m  l in ing  b o t h  t h e  c r ip tae  an d  t h e  vi l l i  of t h e  
pig  d u o d e n u m  a n d  u p p e r  j e j u n u m  (Figure  1, A a n d  13). 
F luo re scen t  ceils showed  endocr ine- l ike  p a t t e r n  a n d  fai led 
to  a p p e a r  in  con t ro l  tests .  I m m u n o f l n o r e s c e n t  ceils were 
n o t  obse rved  in sect ions  f rom t h e  i leum, colon, s t o m a c h  
a n d  pancreas .  Un l ike  in fo rma ldehyde - f i xed  t issues,  in  
ca rbod i imide - f ixed  spec imens  e n t e r o c h r o m a f f i n  (EC) ceils 
fai led to  show a n y  s p o n t a n e o u s  f luorescence.  

W i t h  b o t h  granule  s t a ins  a n d  e lec t ron  microscopy,  n u -  
merous  EC a n d  endocr ine  n o n - E C  cells were  de t ec t ed  in  
t h e  m u c o s a  of t h e  p ig  g a s t r o i n t e s t i n a l  t r ac t .  As in o t h e r  
m a m m a l s  ~-5, a m o n g  p ig  i n t e s t i n a l  n o n - E C  endoc r ine  
cells S, L, I a n d  D cells were d i s t ingu ished ,  accord ing  to  
t h e  u l t r a s t r u c t u r a l  p a t t e r n  of t h e i r  granules  s L cells show- 
ed r o u n d  osmiophi l ic  g ranules  w i t h  m e a n  d i a m e t e r  of 
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lCig. 1. Seer(tin c(lls in the Cl-iptac (A) and villi (B) of the pig duodemmi stair~ed with indirect immunofluore~ccnt technique. ~ 650. 
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Fig. 2. Ultrastructural pattern of an S cell in the pig duodenum. • 18,000. 

a b o u t  360 n m ;  t h e y  were found  a long  t h e  whole  i n t e s t i ne  
inc lud ing  t he  colon. D cells h a d  r o u n d  poor ly  osmiophi l ic  
g ranu les  of a b o u t  350 r im; t h e y  were few in  t h e  i n t e s t i ne  
a n d  p rac t i ca l l y  r e s t r i c t ed  to  t he  d u o d e n u m ,  whi le  be ing  
well  r ep r e sen t ed  in b o t h  pytor ic  a n d  fund ic  m u c o s a  of t h e  
s tomach .  Clearly,  t he  d i s t r i b u t i o n  of L a n d  D cells was  
qu i t e  d i f fe ren t  f rom t h a t  of i m m u n o f l u o r e s c e n t  cells. L 
cells h a v e  been  sugges ted  recen t ly  to  p roduce  en te rog lu-  
cagon 9. 

B o t h  S and  I cells showed  granu les  w i t h  a d i a m e t e r  of 
a b o u t  250 n m ;  however ,  S cell granules  showed  a r e l a t ive ly  
i r regu la r  core  s u r r o u n d e d  b y  a c lear  ha lo  (Figure  2), whi le  
I cell g ranules  h a d  a r o u n d  core w i t h  closely app l i ed  
m e m b r a n e .  B o t h  cells were pecu l ia r  to  t h e  u p p e r  sma l l  
in t e s t ine .  I n  fact ,  no S cell and  v e r y  few I cells were 
iden t i f i ed  in t h e  i l eum ; b o t h  cells were more  n u m e r o u s  ill 
t h e  d u o d e n a l  m u c o s a  t h a n  ill t h e  j ej una l  mucosa ,  a l t h o u g h  
S cells more  s h a r p l y  t h a n  ! cells. On t he  villi ,  S cells large- 
ly  o v e r w h e l m e d  I cells, whi le  in  t h e  f u n d u s  of t he  c r ip t ae  
t he  reverse  occurred.  The  d i s t r i b u t i o n  of b o t h  S a n d  I cells 
a long  d i f f e ren t  l o n g i t u d i n a l  t r a c t s  of t h e  p ig  gu t  resu l ted  
to  be  roughly s imi la r  to  t h a t  of i m m u n o f l u o r e s c e n t  cells. 
However ,  in  t h e  d u o d e n a l  m u c o s a  i m m u n o f l u o r e s c e n t  
cells were  m o s t l y  loca ted  on  t he  vi l l i  and  in t h e  superf ic ia l  
ha l f  of t h e  cr ip tae ,  whi le  be ing  re l a t ive ly  scarce in t h e  fun-  
dus  of t h e  c r ip t ae ;  therefore ,  t h e y  r e p r o d u c e d  closely t h e  
d i s t r i b u t i o n  of S cells, whi le  b e h a v i n g  d i f f e ren t ly  f rom I 
cells. Thus ,  t he  sugges ted  i d e n t i t y  of t h e  S cell w i t h  t h e  
sec re t in  cell seems conf i rmed .  A poss ible  r e l a t i onsh ip  be- 
t w e e n  t h e  I cell a n d  cho leeys tok in in  is p r e s e n t l y  u n d e r  
s t u d y  10. 

Riassunto. Le cellule a sec re t ina  vengono  iden t i f i ca te  
con  ! ' i mmu n o f i u o re s cen za  ne l la  m u c o s a  duodena le  e di- 
g iunale  di ma ia le  facendo uso di an t i s i e r i  an t i - s ec re t ina  
s in t e t i ca  porc ina .  Para l le le  r icerche  u l t r a s t r u t t u r a l i  con-  
s en tono  di iden t i f i ca re  in u n  t ipo  pecul ia re  di  cel lula endo-  
c r ina  l ' e q u i v a l e n t e  u l t r a s t r u t t u r a l e  del la  cel lula a secre- 
t ina .  
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