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S T U D I O R U M  P R O G R E S S U S  

I m m u n o h i s t o c h e m i c a l  and  U l t r a s t r u c t u r a l  S tud ie s  on  the  E n d o c r i n e  P o l y p e p t i d e  ( A P U D )  Cells  
of the  Av ian  G a s t r o i n t e s t i n a l  T r a c t  

In  recent  years  a considerable  n u m b e r  of s tudies  have  
been devo ted  to t he  cytological,  cy tochemica l  and  
u l t r a s t ruc tu ra l  character is t ics  of endocr ine  cells in the  
m a m m a l i a n  gas t ro in tes t ina l  t rac t .  These cells are respon-  
sible for t he  p roduc t ion  of a va r i e ty  of po lypep t ide  hor-  
mones  1-1t, and one amine.  W i t h  the  except ion  of the  
en te rochromaff in  (EC) cells 1~-14, the  endocr ine  cells of 
the  avian  gut  have  received a good deal less a t t en t ion .  In  
the  case of m a m m a l i a n  gut  t h e y  have  been shown to  
belong to the  A P U D  series of po lypep t ide  hormone-  
p roduc ing  cells 15,1" f rom whose cy tochemica l  ' amine-  
hand l ing '  character is t ics  the  name  A P U D  (Amine 
Precursor  U p t a k e  and Decarboxyla t ion)  is derived.  

I t  has  been pos tu la ted  17-19 t h a t  all the  endocr ine  ceils 
of the  A P U D  series are descendan t s  of neuroec todermal  
s t em cells ar is ing in t he  neural  crest.  This  view is opposed,  
in the  case of the  endocr ine  cells of gut  and pancreas ,  by  
the  classical t heo ry  t h a t  all are of en tode rma l  (foregut) 
origin. 

Iden t i f ica t ion  of individual  gut  endocr ine  cells wi th  
the  p roduc t ion  of indiv idual  hormones  has been carr ied 
out,  for the  mos t  par t ,  by  correla t ion of t he  d i s t r ibu t ion  
of specific immunof luorescence  wi th  the  d i s t r ibu t ion  of 
cell types  recognizable by  the i r  u l t ras t ruc ture .  Since we 
possessed ant i sera  to a n u m b e r  of pep t ides  of gas t ro in te-  
s t inal  origin, we were disposed to follow the  lead given 
by  KETTERER et al. 20 on the  d i s t r ibu t ion  of gas t r in  in the  
gut  of the  chicken by  a t t e m p t i n g  to  localize the  cellular 
sources of gastr in,  enteroglucagon,  secretin,  vasoac t ive  
in tes t ina l  pep t ide  (VIP) and gastric inh ib i to ry  pep t ide  
(GIP) in the  avian  gas t ro in tes t ina l  t ract .  

Material and methods. We used 2 species of b i rds :  
35 quails (Coturnix coturnix japonica), and  19 W h i t e  
Leghorn  chickens,  whose ages ranged f rom newly  h a t c h e d  
to 3 m o n t h s  old. The b i rds  were killed by  admin i s t r a t ion  
of e ther  and  samples  were t aken  immed ia t e ly  f rom 
proventr iculus ,  gizzard, d u o d e n u m  (first par t ) ,  d u o d e n u m  
(second part) ,  small  in tes t ine  (first part) ,  small  in tes t ine  
(second par t) ,  large intes t ine ,  caecum and  colon. Small  
pieces, f rom each of the  above regions, were processed by  
each of the  procedures  out l ined  below. 

Immunohistochemistry. Fixa t ion  for immunologica l  
s tudies  was carr ied out  in 3 d i f fe ren t  ways :  1. Some 
samples  were f ixed in methanol - f ree  fo rma ldehyde  31 for 
3-4 h, t h e n  washed  overn igh t  in 0.1 M p h o s p h a t e  buffer  
saline conta in ing  7.5% sucrose. Af te rwards  each sample  
was d iv ided  in to  2 port ions,  one being quenched  in 
Arc ton  (Freon) 22 at  --158~ for subsequen t  c ryos ta t  
sectioning, and the  o ther  d e h y d r a t e d  in a graded series 
of alcohols, cleared in xylene  and  e m b e d d e d  in paraf f in  
wax. 

2. Other  samples  were f ixed in a 4 -10% solut ion of a 
water-soluble  carbodi imide,  1-e thyl -3- (3-d imethylamino-  
propyl ) -carbodi imide  hydrochlor ide ,  in 0.1 M phospha t e  
buffer  22. Af ter  washing  in buffer  sect ions were cut  on a 
cryos ta t .  

3. Ye t  o ther  samples  were quenched  in Arc ton  (Freon) 
22 a t  --158~ and  freeze-dried for 12-24 h a t  - -40~  in a 
thermoelec t r ic  freeze dryer.  Af te r  removal ,  the  dr ied 
blocks were incuba ted  for 3 h a t  55 ~ in a sealed vessel 
conta in ing  d i e thy lpy roca rbona t e  (DEPC).  They  were 
subsequen t ly  emb ed d ed  in paraf f in  wax  b lended  wi th  

Fig. 1. Quail jejunum. Peroxidase technique straws a cell reacting 
with anti-gastrin serum containing hormone on both sides of the 
nucleus. • 350. 
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s y n t h e t i c  p las t ic  co-po lymers  (m.p. 58~ The  use of 
D E P C  as a v a p o u r  phase  f i xa t ive  for f reeze-dr ied  t i ssues  
has  been  descr ibed  b y  PEARSE et  a123. 

I n  all cases c r y o s t a t  sect ions  were p icked  up  d i rec t ly  
f rom t h e  knife  on to  g e l a t i n e - f o r m a l d e h y d e  coa ted  slides. 
P a r a f f i n  sect ions  were p icked  up  f rom w a t e r  on  to 
a l b u m i n i z e d  slides a nd  dried,  ove rn igh t ,  a t  37 ~ 

An  ind i r ec t  m e t h o d  for i m m unof l uo r e s cence  2~ was 
used, e m p l o y i n g  for t h e  f i rs t  l ayer  a n t i s e r a  to  each  of t he  
fol lowing h o r m o n e s :  gas t r i n  ( syn the t i c  h u m a n ) ,  caeru le in  
(synthet ic) ,  g lucagon  (porcine),  sec re t in  (porcine),  V I P  
(porcine),  G I P  (porcine),  a n d  for t h e  second layer,  
f luorescein- label led  goa t  a n t i - r a b b i t  a n d  an t i -gu inea -p ig  
IgG  sera  (Hyland) .  As cont ro l s  we used  1. n o r m a l  r a b b i t  
serum,  2. second layer  a lone  and  3., where  possible,  t he  
f i r s t  l ayer  s e rum a b s o r b e d  w i t h  t he  pu re  an t igen .  

Pe rox idase - l abe l l ed  an t i s e r a  (donkey  a n t i - r a b b i t  I gG  
and  r a b b i t  an t i -gu inea -p ig  IgG) were p r e p a r e d  us ing  
pe rox idase  t y p e  VI  (Sigma) b o u n d  to t he  g lobul in  b y  t h e  
g l u t a r a l d e h y d e  m e t h o d ~ .  Pe rox idase  a c t i v i t y  was dem-  
o n s t r a t e d  b y  t he  m e t h o d  of GRA~IAM a n d  I(ARNOVSKu 

Preparation o/ antisera. T he  an t i s e r a  used were ra i sed  
in L O P  r a b b i t s  b y  r epea t ed  in j ec t ion  of an t igens  coupled  
to b o v i n e  s e rum a l b u m i n  b y  t he  ca r bod i i m i de  conden-  
sa t ion  reac t ion .  The  p r o d u c t  was  pur i f ied  by  gel f i l t ra t ion ,  
in  order  to  r e m o v e  t he  low molecu la r  we igh t  u u r e a c t e d  
an t igen .  The  l a t t e r  is l ikely t o  induce  s t a t e s  of pa r t i a l  
to le rance  in t he  r ec ip ien t  a n i m a l  w i t h  resu l t ing  p r o d u c t i o n  
of low t i t re ,  low a v i d i t y  an t i body .  

Af te r  severa l  m o n t h s  of i m m u n i z a t i o n ,  w i t h  t o t a l  
doses of pure  a n t i g e n  r a n g i n g  f rom 200 ixg to 2 rag., h i g h  
t i t r e  a n t i s e r a  were p roduced  in m a n y  of the  animals .  

Specificity o/ antisera. W e  tes t ed  t h i s  b y  2 me thods .  
Firs t ,  b y  m e a s u r i n g  t he  d i s p l a c e m e n t  of labe l led  a n t i g e n  
f rom i ts  a n t i b o d y  b y  a d i f fe ren t  an t igen .  For  example ,  
g lucagon  was t e s t ed  aga ins t  gas t r in ,  or sec re t in  aga ins t  
caerulein .  S e c o n d l y  we m e a s u r e d  t he  ab i l i t y  of an t igen  
to b i n d  r a d i o a c t i v e  a n t i b o d y  to  a non - r e l a t ed  an t igen .  

F luorescence  mic roscopy  was car r ied  ou t  us ing  a Zeiss 
(Oberkochen)  S t a n d a r d  Un ive r sa l  microscope  w i t h  H B O  
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Fig. 2. Immunohistochemical localization of polypeptide hormones 
in the avian gastrointestinal tract. 

200 l a m p  BG12  a n d  B G 3 8  e x c i t a t i o n  f i l ters  and  a K 530 
ba r r i e r  f i l ter  (50~o t r a n s m i s s i o n  a t  a b o u t  530 rim) a n d  
w i t h  a Lei tz  O r t h o p l a n  microscope  f i t t ed  w i t h  a H B O  
100 l a m p  and  X B O  75 Ialnps a n d  a P l o e m  i l lumina to r .  
F I T C  was exc i ted  a t  490 nm,  us ing  2 • K P 4 9 0  in te r fe rence  
f i l ters  and  T K 5 1 0  d ichroic  mir ror ,  a n d  a K 5 1 5  ba r r i e r  
f i l ter  was  employed.  P h o t o m i c r o g r a p h s  were t a k e n  on 
I l ford  F P 4  f i lm.  

Amine-precursor uptake, decarboxylation and storage. 
The  f o r m a l d e h y d e  induced  f luorescence m e t h o d  27 was 
used to de tec t  t he  presence  of in t r ins i c  amines ,  and  also 
ex t r ins ic  amines  a f te r  a d m i n i s t r a t i o n  of L-3, 4-d ihyd roxy-  
pheny l a l an ine .  3 chicks  and  3 a d u l t  quai ls  were in jec ted  
i.p. w i t h  100 m g / k g  of L-DOPA and  kil led 1 h later .  A n  
equa l  n u m b e r  of b i rds  ac ted  as controls .  

Smal l  pieces of g a s t r o i n t e s t i n a l  mucosa  were sub jec t ed  
to  t h e  f reeze-drying,  f o r m a l d e h y d e  v a p o u r  r ou t i ne  
( - -40  ~ for  16 h ; 60 ~ or 80 ~ for 4 h). F I F  was assessed 
us ing  exc i t ing  l igh t  a t  405 n m  (AL 405 in te r fe rence  w i t h  
s u p p l e m e n t a r y  glass f i l ters  a n d  T K  455 d ichroic  mir ror)  
a n d  a t/:470 ba r r i e r  f i l ter .  

optical microscopy. Smal l  b locks  f rom each  reg ion  were 
~ixed for 24 h in 6~o g l u t a r a l d e h y d e  in  0.1 M p h o s p h a t e  
buf fe r  (pH 7.4) and  in Bou in ' s  fluid. All  b locks  were 
s u b s e q u e n t l y  w a s h e d  in water ,  d e h y d r a t e d ,  c leared a n d  
e m b e d d e d  in 56~ pa ra f f i n  wax.  Sect ions  (5 btm) f rom 
a p p r o p r i a t e l y  f ixed b locks  were processed b y  m e t h o d s  
des igned  to  d e m o n s t r a t e  t he  specific sec re to ry  granules  of 
t he  va r ious  endoc r ine  cells. These  were :  lead h e a m a -  
t o x y l i n  ~s, t h e  D M A B  m e t h o d  for  t r y p t o p h a n  29, t he  
M a a s o n - F o n t a n a  m e t h o d  for e n t e r o c h r o m a f f i n  granules  a0, 
and  a s i lver  i m p r e g n a t i o n  for a rgy roph i l i a  3z. 

Electron microscopy. Smal l  b locks  of t i ssue  were fixed, 
i m m e d i a t e l y  a f te r  removal ,  in  3~o g l u t a r a l d e h y d e  in 
0.1 M p h o s p h a t e  buffer  a t  p H  7.2 for 2 h a t  4~ Excess  
f i xa t i ve  was  r e m o v e d  f rom the  samples  b y  r epea t ed  
wash ing  in p h o s p h a t e  buf fe r  c o n t a i n i n g  0.1 M sucrose. 
T h e y  were t h e n  d e h y d r a t e d  in e t h a n o l  and  e p o x y p r o p a n e  
and  f ina l ly  e m b e d d e d  in Ara ld i t e  mix tu re .  W i t h  some 
blocks  a double  f i xa t ion  p rocedure  was car r ied  out ,  us ing  
pos t - f i xa t ion  w i t h  o s m i u m  t e t r o x i d e  a t  4~ for 2 h. 
Sect ions  were s t a i ned  b y  lead c i t r a t e  a n d  u r a n y l  ace t a t e  
a n d  v iewed in A E I  6 B  a n d  Cor in th  275 microscopes.  

Results. Histology. I t  a p p e a r e d  t h a t  t h e  m a j o r i t y  of 
endocr ine  cells, t h r o u g h o u t  t h e  lengt t l  of t h e  gas t ro in -  
t e s t i n a l  t r ac t ,  were s t a ined  b y  t h e  lead h a e m a t o x y l i n  
t echn ique .  T h e y  were also a rgy roph i l  w i t h  t he  Gr imel ius  
me thod .  I n  all  regions  t he  cells were s i t a t ed  p r e d o m i n a n t l y  
in  t he  basa l  area  of t he  glands.  Argen t a f f i n  cells (Masson- 
F o n t a n a )  were scarce in  t he  f i r s t  po r t i ons  of t h e  gu t  
(provent r icu lus ,  gizzard) b u t  n u m e r o u s  in t h e  mid  a n d  
lower por t ions .  These  cells were pos i t ive  w i t h  t he  D M A B  
me thod .  
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A P U D - F I F .  Cells d i sp l ay ing  a n  in tense  f luorescence 
were obse rved  in al l  regions  of t he  gut .  Those  w i t h  a 
yel low f luorescence ( E ~ ,  520 nm) were easi ly  d is t inguis -  
hed  f rom t h e  usua l ly  g rea t e r  n u m b e r  w i t h  t he  green  
f luorescence of d o p a m i n e  (Emax 470 nm) .  The  d i s t i nc t i on  
and  t he  i d e n t i t y  of t h e  f luorophores ,  was  checked  b y  
mic rospec t ro f luo romet ry .  I n  t he  con t ro l  t i ssues  on ly  
yel low f luorescen t  cells could be  seen. 

Immunohistochemistry. Ceils r eac t ive  w i t h  an t i s e r a  to  
t h e  fol lowing h o r m o n e s  were f o u n d :  gas t r in ,  caerulein ,  
secret in,  V I P ,  glucagon.  No cells r e ac t i ng  w i t h  an t i s e r a  
to  G I P  were observed .  W h e n  local ized in t he  basa l  p a r t  
of t h e  g lands  t i le r e a c t i n g  cells, w h a t e v e r  h o r m o n e  t h e y  
conta ined ,  were p r e d o m i n a n t l y  t r i a n g u l a r  in  shape  w i t h  
a long apica l  process  reaching ,  occasional ly ,  to  t he  g land  
lumen .  W h e n  p r e sen t  in  the  vil l i  t h e y  were inc l ined  to be 
fusiform, or oval.  Cells r eac t ing  w i th  an t i s e r a  to  gas t r in  an d  
caeru le in  were p r e sen t  in  all  regions  excep t  t he  p ro v en -  
t r i cu tus  a n d  t he  caeca (Figure  1). No o the r  sera  gave  
pos i t ive  resul t s  in  g izzard  or caeca  b u t  secre t in  im- 
m u n o r e a c t i v e  cells were r e s t r i c t ed  to t he  d u o d e n u m  an d  
f i rs t  po r t i on  of t he  j e j u n u m .  E n t e r o g l u c a g o n  cells were 
p r e d o m i n a n t l y  localized in  t he  second p a r t  of t he  duo-  
d e n u m  a n d  in j e j u n u m  a n d  i leum. T h e y  were n o t  found  

in  colon or caeca, n o r  in t h e  gizzard or f i r s t  p a r t  of t he  
d u o d e n u m .  V I P  cells were p r e s en t  in  all  regions  excep t  
t h e  gizzard.  

P r e l i m i n a r y  s tud ies  to  d e t e r m i n e  t h e  precise cell of 
or igin for the  va r ious  hormones ,  us ing  sequen t i a l  s t a in ing  
or ser ial  sec t ion  t echn iques ,  i nd i ca t ed  t h a t ,  as in  m a m -  
mals ,  g lucagon  a n d  secre t in  are s to red  in d i f fe ren t  cells. 
Clear d i s t i nc t i on  could  n o t  be  m a d e  b e t w e e n  g lucagon  
an d  g a s t r i n r eac t i n g  cells, however .  G a s t r i n - r e a c t i n g  a n d  
cae ru le in - reac t ing  cells a p p e a r e d  to  be  ident ica l .  

W h e n  t h e  i m m u n o h i s t o c h e m i c a l  p r e p a r a t i o n s  were 
pos t - f ixed  in  6% g l n t a r a l d e h y d e  al l  t h e  endocr ine  cells 
were r eac t ive  w i t h  lead h a e m a t o x y l i n  a n d  Gr imel ius  
s i lver  (argyrophi l ia) .  T h e y  were n o t  s t a ined  b y  t he  
M a s s o n - F o n t a n a  t e c h n i q u e  (a rgen ta f f in i ty )  i n d i c a t i n g  
t h a t  none  of t h e  h o r m o n e s  iden t i f i ed  in t h e  g u t  were t h e  
p r o d u c t  of e n t e r o c h r o m a f f i n  cells. 

T h e  resu l t s  ach ieved  w i t h  t h e  pe rox idase - l abe l l ing  
t e c h n i q u e  were essent ia l ly  t h e  same as w i t h  i m m u n o -  
f luorescence.  The  c o m b i n e d  resu l t s  of b o t h  m e t h o d s  are  
i l l u s t r a t ed  in t h e  t e x t  f igure  (Figure  2) below. 

Ultrastructural Studies. E n d o c r i n e  cells w i t h  cha rac t e r -  
ist ic e lec t ron-dense  sec re to ry  granules  (Figure  3) were 
f o u n d  in  all regions  of t h e  gut .  Some,  possess ing  poly-  
morphic ,  h igh ly  e lec t ron-dense  granules ,  were ident i f ied  
as EC cells. Others ,  in  t h e  d u o d e n u m ,  c o n t a i n e d  smal l  
r o u n d  granules  w i t h  a t h i n  ha lo  b e t w een  c o n t e n t  and  
m e m b r a n e .  These  r e sembled  t h e  S cells of t h e  m a m m a l i a n  
(Wiesbaden)  classif icat ion.  

Discussion. G as t r i n  was e x t r a c t e d  f rom ch icken  u p p e r  
in tes t ine ,  a n d  t e s t ed  b y  b ioassay  in t h e  ca t  8~. Us ing  
r a d i o i m m u n o a s s a y ,  i ts  d i s t r i b u t i o n  was i n v e s t i g a t e d  by  
KETTERER et  al  ~~ who  found  i t  in  t h e  d u o d e n u m  alone.  
Glucagon  was e x t r a c t e d  f rom t h e  in t e s t ine  of t h e  duck  
a n d  ch icken  b y  SAMOLS et  al. 33, ASSAN et  al. a4, KRUG and  
~u a5 a n d  K R u o  e t  al. 3% I t  was  ident i f ied  b y  r ad io im-  
m u n o a s s a y  a n d  i ts  mol.  wt.,  in  t h e  duck,  as e s t i m a t e d  on  
S e p h a d e x  G25, was 7000 d a l t o n s  ~5. 

Secre t in  was e x t r a c t e d  f rom t h e  u p p e r  in t e s t ine  of t he  
ch i cken  32 a n d  VIP ,  more  recent ly ,  was  i so la ted  f rom 
ch icken  intestineaT. The re  are no  r epo r t s  of t h e  s t u d y  of 
G I P  in b i rds .  

Our  f indings ,  ( i l lus t ra ted  in F igure  2), are in general  
a g r e e m e n t  w i t h  t h e  above  da ta .  I f  poss ible  t h e y  should  
be i n t e g r a t e d  w i t h  t h e  few recorded  o b s e r v a t i o n s  on t he  
h i s to logy  a n d  c y t o c h e m i s t r y  of a v i a n  g u t  endocr ine  cells, 
rev iewed b y  GABg 14'38 a n d  w i t h  t h e i r  recorded  u l t r a -  
s t r u c t u r e  1~. W e  are  unable ,  however ,  to  f i t  t hese  cells 
in to  t h e  W i e s b a d e n  c lass i f ica t ion a n d  t h u s  to  e q u a t e  cell 
t ypes  w i t h  specific hormones .  The  m o s t  we can  say  is t h a t  
none  of t h e  h o r m o n e s  d e m o n s t r a t e d  is p r e s e n t  in  t h e  EC 
cells, an d  t h a t  all  are p r e s en t  in  a rgy roph i l  cells. No 
f u r t h e r  b r e a k d o w n  is possible.  

I n  m a m m a l i a n  tissues,  a f t e r  f o r m a l d e h y d e  f ixat ion,  
on ly  p a n c r e a t i c  an d  n o t  g u t  g lucagon  cells r eac t  w i t h  
a n t i s e r a  to  p a n c r e a t i c  g lucagon.  I n  t h e  b i rd  we found  t h a t  
t h e  E G  ceils of t h e  g u t  were st i l l  s t rong ly  r eac t ive  a f t e r  

Fig. 3. Quail jejunum. Glutaraldehyde/osmium fixation, lead 
eitrate/uranyl acetate counterstaining. This non-enteroehromaffin 
endocrine cell has round granules (average diameter 150-250 nm) 
situated on both sides of the nucleus. This cell reaches the gland 
lumen into which its terminal tuft of microvilli projects. • 10 500. 

~ E. L. BLAIR, H. S. A. SIKERRATT and D. D. WooD, Biochem. J. 
70d, 54P (1967). 

33 E. SAMOLS, J. TYLER, V. MARKS and P. MIALHE, Progress in 
Endocrinology (Ed. C. GULL; Excerpta Medica, Elsevier Amster- 
dam 1969). 

3~ R. AssAy, G. TCHOBROUTSIKY and G. ROSSELIN, Path. Biol. 77, 
747 (1969). 

35 1~. KRUGG and P. MIALnE, Horm. Metab. Res. 3, 24 (1971). 
36 E. J(RUGG, O. BIEHLER and P. MIALHE, Horm. Metab. Res. 3, 258 

(1971). 
37 V. MUTT, personal  communica t ion .  
3s M. GABE, Ann. Biol. 12, 209 (1973). 
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t h i s  f i x a t i v e .  W e  c o n c l u d e  t h a t  in  a v i a n  s p e c i e s  t h e r e  is  a 
c lose r  r e l a t i o n s h i p  b e t w e e n  t h e  t w o  g l u c a g o n s  t h a n  is t h e  
ca se  w i t h  m a m m a l s .  

F i n a l l y ,  o u r  d a t a  o n  t h e  d i s t r i b u t i o n  of  t h e  4 ' h o r m o n e s '  
g a s t r i n ,  g l u c a g o n ,  s e c r e t i n  a n d  V I P ,  in  t h e  a v i a n  g a s t r o -  
i n t e s t i n a l  t r a c t  c a n  f o r m  a b a s i s  fo r  i n v e s t i g a t i o n s  i n t o  
t h e i r  p h y s i o l o g y .  T h i s  f i e ld  is p r e s e n t l y  s o m e w h a t  
n e g l e c t e d .  

39 For their valuable help, in supplying peptide hormone antigens 
and antisera, or in raising and testing such antisera, we would 
like to thank Prof. V. MIJTT, Drs S. R. BLOO~ and S. I. SAID, and 
also Farmitalia. Miss C. GREEN provided excellent technical 
assistance. Grants from the Medical Research Council (micro- 
speetrofluorometer), the Wellcome Trust, the Ernest  and Minnie 
Dawson Trust  and the Volkswagenwerk Stiftung made the work 
possible. 

Resumen. E s t u d i o s  c o n  i m m u n o f l u o r e s c e n c i a  r e a l i z a d o s  
e n  al  t r a c t o  g a s t r o - i n t e s t i n a l  de  las  a y e s  (pol io  y c o d o r n i x )  
h a n  d e m o s t r a d o  el o r i g e n  c e l u l a r  y la  d i s t r i b u c i d n  de  
c u a t r o  h o r m o n a s  p o l i p e p t i d i c a s :  G a s t r i n a ,  S e c r e t i n a ,  
E n t e r o g l u c a g o n  y V I P .  L a s  c u a t r o  h o r m o n a s  e s tAn  
p r e s e n t e s  e n  c61ulas  a r g i r d f i l a s  y no  en  las  c61ulas  a r g e n -  
t a f i n e s  (c61ulas e n t e r o c r o m a f i n e s ) .  

JULIA M. POLAK, A. G. E.  PEARSE, C. ADAMS 
a n d  J . -C.  GARAUD 3~ 

Department o/Histochemistry, 
Royal Postgraduate Medical School, 
Hammersmith Hospital, 
London W 72 OHS (England), 
4 February 7974. 

C O G I T A T I O N E S  

' . . .We said tha t  the offspring should come from parents in their prime.' 'True' .  'Do you agree tha t  the period of the prime may  be fairly 
estimated at 20 years for a woman and 30 for a man? '  'How do you reckon it?' he said. 'The women,' I said, 'beginning at the age of 20, shall 
bear for the state to the age of 40, and the man shall beget for the state from the time he passes his prime in swiftness in running to the age 
of 55.' 

PLATO, (The Republic, Harvard University Press 1953), book V, p. 465. 

On Correlat ion be tween  the Generat ion Age  of the Fathers  and Grandfathers  and the Intel l igence 

of the Descendant s  1 

1. The problem. W h i c h  p r e r e q u i s i t e s  c o u l d  p l a y  a r61e 
in  t h e  d e v e l o p m e n t  of  i n t e l l i g e n c e ?  I s  i t  g e n e t i c a l l y  
i n h e r i t e d ,  t h e  e f f ec t  of  t h e  soc ia l  e n v i r o n m e n t ,  o r  s o m e -  
t h i n g  e l se  t h a t  h a s  u n t i l  n o w  n o t  b e e n  c o n s i d e r e d  ? T h e  
f o l l o w i n g  s t u d y  s t a r t e d  f r o m  t h e  a s s u m p t i o n  t h a t  t h e  
w e l l - k n o w n  p o s t u l a t e  o f  PLATO 2 a n d  ARISTOTLE 3 t h a t  
m e n  s h o u l d  n o t  r e p r o d u c e  b e f o r e  t h e  a g e  of 30, w a s  
p r o b a b l y  b a s e d  o n  e x t e n d e d  o b s e r v a t i o n s .  I n  t h e  s a m e  
c o n t e x t  b e l o n g  s o m e  d a t a  o n  f a m i l i e s  a s c e n d i n g  or  
d e s c e n d i n g  in  i n t e l l e c t u a l  e n d o w m e n t .  S i nce  a d e f i n i t e  
c h a n g e  of  s t a t u s  i s  v e r y  o f t e n  f i r s t  o b s e r v e d  a f t e r  2 
g e n e r a t i o n s ,  t h e  g e n e r a t i o n  a g e  4 of  t h e  g r a n d p a r e n t s  
s h o u l d  a l so  be  t a k e n  i n t o  c o n s i d e r a t i o n .  W e  d e f i n e  
t h e r e f o r e  a c h a r a c t e r i s t i c  'Paternal Trinomial' (Dre ie r -  
zah l )  b y  t h e  f o r m u l a  

s : =  r + z:  + Zm 

w h e r e  F is  t h e  a g e  of  t h e  f a t h e r  a n d  Z:,  Z ~  t h e  a g e s  of  t h e  
p a t e r n a l  a n d  m a t e r n a l  g r a n d f a t h e r s ,  a l l  a t  t h e  t i m e  of  
c o r r e s p o n d i n g  g e n e r a t i o n .  

A n a l o g o u s l y  t h e  'Maternal Trinomial' is  d e f i n e d  b y  

Sm = M: + Y f + Y m  

w h e r e  M is t h e  a g e  of  t h e  m o t h e r  a n d  Y:, Ym t h e  a g e s  of  
t h e  g r a n d m o t h e r s ,  a l l  a t  t h e  t i m e  of c o r r e s p o n d i n g  
g e n e r a t i o n .  

2. Series o/ investigations. I n  o r d e r  t o  a v o i d  t h e  i n f l u -  
e n c e  oI a n  i n t e n t i o n a l  s e l e c t i o n ,  I u s e d  f i r s t  o n l y  l i s t s  of  
p e r s o n s  w h i c h  w e r e  b r o u g h t  t o g e t h e r  b y  o t h e r  a u t h o r s ,  
a n d  s t u d i e d  t h e  g e n e r a t i o n  age  o f  t h e  f a t h e r s  a n d  g r a n d -  
f a t h e r s  i n  t h e s e  se r i es  c o m p l e t e l y  a n d  w i t h o u t  a n y  
e x c e p t i o n .  T h r e e  o f  t h e s e  s e r i e s  c o n s i s t  of  h i g h l y  g i f t e d  
p e r s o n a l i t i e s ,  o n e  se r i es  of  u n d e r  a v e r a g e  e n d o w e d  p e r s o n s .  
I n  t h i s  w a y  we  d i s c u s s e d  t h e  t w o  e x t r e m e  c a s e s  of  e n d o w -  

m e n t .  I n  o r d e r  t o  c o n s i d e r  t h e  p r o b l e m  in  t h e  m o s t  
g e n e r a l  w a y ,  we  t h e n  s t u d i e d  t h e  i n t e r c o n n e c t i o n  b e t w e e n  
t h e  l eve l  of  e n d o w m e n t  c h a r a c t e r i z e d  b y  t h e  i n t e l l i g e n c e  
q u o t i e n t  (IQ) a n d  t h e  a g e s  of  p a r e n t s  a n d  g r a n d p a r e n t s ,  
u s i n g  a s a m p l e  o b t a i n e d  s p e c i a l l y  for  t h a t  p u r p o s e .  

2. 1. I n  t h e  se r i e s  of  m o n o g r a p h s  e d i t e d  b y  ROWO~ILT5, 
we  h a v e  a n u m b e r  of  b i o g r a p h i e s  of  o u t s t a n d i n g  p e r s o n a l -  
i t i e s  w h e r e ,  h o w e v e r ,  t h e  cho i ce  w a s  m a d e  a c c o r d i n g  
t o  t h e  a n t i c i p a t e d  i n t e r e s t  of  t h e  r e a d e r .  I n  109 s u b j e c t s  
we  c o u l d  f i n d  t h e  a g e  of  t h e  f a t h e r  i n  96 c a s e s  s, a n d  i n  
39 c a s e s  t h e  p a t e r n a l  t r i n o m i a l  c o u l d  a l so  b e  o b t a i n e d .  
I n  t h e  r e s u l t ,  1 5 . 6 %  of  t h e  f a t h e r s  we re  u n d e r  30, w h i l e  n o  
p a t e r n a l  t r i n o m i a l  w a s  u n d e r  90 7. 

1 Dedicated to ALEXANDER M. 0STROWSKI Oil his 80th birthday. 
2 'The limit of the marriage-age shall be from 16 to 20 years - the 

longest time al lowed- for a girl, and for a boy from 30 to 35.' PLATO, 
Laws, (Harvard University Press, Cambridge, Mass. 1952), book 
VI, p. 501. 

3 'The body (of men) is most  fully developed from 30 to 35 years of 
age, the mind at about 49.' ARISTOTLE, The 'Art' of Rhetoric (Har- 
vard University Press, Cambridge, Mass. 1959), vol. II, p. 257. 

4 Since the fecondation age is not easy to find with some precision, 
we use instead the generation age that  is the age of the parents at 
the birth of the child. 

5 Rowohlt Monographien, volumes 1-116 edited 1959-1971. We did 
not use voL 33, 34, 35, 55, 56, 69 and 70 since they do not contain 
indications about single personalities. 
In this series we find also personalities like T~OMAS OF AQUINAS, 
FRANClS OF ASSISI, ARISTOTLE and JOHN THE BAPTIST (although 
in the case of the latter we have in the Bible the indication of a 
high age of his father) bu t  in these cases we cannot expect to find 
the life data of their fathers. 

: I was privileged to submit  these results in summer  1971 to Profes- 
sor ADOLF BUTENANDT and Professor GUSTAV WAGNER; I am in- 
depted to both for valuable indications concerning m y  future work. 


