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APUD Characteristics and Immunocytochemistry of Avian Pituitary Corticotrophs 

In  t he  h u m a n  and  mur ine  adenohypophys i s  b o t h  
cor t ico t rophs  and  s o m a t o t r o p h s  (probably  also the  pro-  
lact in cells) have  been shown by  TAILOR TAILOR and  
PEARSE ~ to possess the  classical amine  precursor  up take  
and  deca rboxy la t ion  (APUD) character is t ics .  Indeed ,  
m a m m a l i a n  cor t ico t rophs  have  for some years  been  
accepted  as m ember s  of the  A P U D  cell series. Our 
stt~dies were des igned to  inves t iga te  t he  s i tua t ion  in the  
av ian  hypophys i s ,  t ak ing  a d v a n t a g e  of the  fact  t h a t  i t  is 
possible t o  d e m o n s t r a t e  ACTH, by  immunocy tochemica l  
procedures ,  in fo rmaldehyde- f ixed  tissues. 

Material and methods. Adenohypophyse s  were t a k e n  
f rom quail  and  chick embryos  a t  the  end of the  incuba t ion  
per iod (14 days  for quails and  15 to 17 days  for chicks) 
and  1 w e e k  af ter  ha t ch ing  in b o t h  species. In  the  embryos ,  
100 mg/kg  of L-3, 4 d ihydroxypheny la l an ine ,  (Sigma) 
(L-DOPA) were , injected, 1 h before sacrifice, in to  a 
blood vessel of t he  chorio-al lantoic  membrane .  Af ter  
bir th ,  L-DOPA was  admin i s t e red  i.p. The p i t u i t a ry  glands 
were immed ia t e ly  dissected out  and  quenched  in l iquid 
p ropane  cooled wi th  l iquid ni t rogen.  Af ter  f reeze-drying 
in a the rmoelec t r i c  t issue dryer  for 16 h a t  - -40~ t h e y  
were exposed to fo rma ldehyde  vapour  a t  60 ~ for 4 h and  
t h e n  vacuum e m b e d d e d  in paraff in  wax.  

Control  t issues were 1. f reeze-dried unf ixed mater ia l  
and  2. p i t u i t a ry  glands f rom unin jec ted  animals.  

Fluorescence microscopy. Sections f rom all the  blocks 
were c u t s  5 lzm, placed on d ry  slides and m o u n t e d  in 
buffered  glycerine. T h e y  were then  examined  b y  fluo- 
r e scence  microscopy,  a n d  pho tographed ,  using a) a 
Zeiss (Oberkochen) S t a n d a r d  Universa l  Microscope f i t ted  
wi th  an H B O  200 mercu ry  arc lamp.  Fi l ters  used were 
UG (1/2 mm) and  BG 38/4 for exci ta t ion  a t  365 rim, w i th  
a K430 barr ier  filter, and  Scho t t  IL406 and BG 1 (2/3 
mm) for exc i ta t ion  a t  406 rim, wi th  a K 470 barr ier  f i l ter;  
b) a Leitz  Or thop lan  Microscope f i t ted  wi th  H B O  100 
and X B O  75 arc lamps  and  a P loem i l luminator .  For  

fo rma ldehyde- induced  fluorescence (FIF)  exc i ta t ion  a t  
406 n m  employed  a K 470 barr ier  f i l ter  and a T K  510 
dichroic mirror.  For  exc i ta t ion  of f luorescein isothiocya-  
na te  (FITC) labelled a n t i b o d y  a t  490 n m  two K P  490 
in ter ference  filters were used wi th  a T K  510 dichroic 
mirror .  The barr ier  f i l ter  was K 515. Pho tomic rog raphs  
were t aken  on I l f o r d  F P 4  film. 

Microspectro/luorometry. Where  necessary  sect ions 
p repa red  as above were dewaxed  in w a r m  paraf f in  oil 
and  m o u n t e d  in  the  same fluid (Light  liquid paraff in,  
B.D.H.) .  They  were t h e n  examined  wi th  a Leitz  Micro- 
spec t rograph  2 modif ied for mic rospec t ro f luoromet ry  by  
the  provis ion of monochromat i c  epi- i l lumination,  a 
reference channel  and a measur ing  sys t em using p h o t o n  
coun t ing  wi th  au toma t i c  recording of da ta  in digi tal  
fo rm s. Paraf f in  oil was used as the  immers ion  m e d i u m  for 
a Zeiss Ul t raf luor  object ive  and  no coverglass was em- 
ployed.  

For  the  m e a s u r e m e n t  of emission spect ra  only, some 
sect ions were m o u n t e d  in D P X  m e d i u m  (R.A. Lamb)  
w i t h o u t  removal  of wax, covered wi th  a coversl ip  and  
ex ami n ed  wi th  a Leitz  X 95/1.30 oil immers ion  object ive.  
Epi - i l lumina t ion  was used in all cases, and control  
readings  were t aken  f rom ad jacen t  t issue areas lacking 
specific fluorescence. Catecholamines  were d i f ferent ia ted  
f rom 5 - h y d r o x y t r y p t a m i n e  by  the i r  emission spec t ra  
which  were expressed as re la t ive q u a n t a  per  q u a n t u m  
energy  (frequency) interval .  

Immunocytochemistry. Sections sub jec ted  to the  F I F  
procedure  were subsequen t ly  dewaxed  wi th  pe t ro leum 
e the r  ( l ight petroleum) and  an  indi rec t  immunof luores -  
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a) Part of a cephalic lobe of a chick emhryo pituitary gland. FIF 
preparation after uptake and decarboxylation of L-I)OPA shows 
fluorescent (:ells. Arrows point out groups of these cells for compari- 
son with Figure b. • 670. 

b} The same section as Figure a, subjected to an indirect immuno- 
fluoresem~t procedure using anti-ACTH serum, shows positive cells. 
Arrows point out groups of ceils corresponding to those in Figure a. 
x 670. 
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cence t echn ique  4 was applied,  using as t he  first  layer  an 
an t i se rum agains t  purif ied porcine ACTH (whole molecule) 
and  as the  second layer  f luorescein-labelled goat  ant i -  
r abb i t  IgG globulin. 

Results. The p i tu i t a ry  glands f rom normal ,  un in jec ted  
birds,  freeze-dried b u t  un t r ea t ed  wi th  fo rma ldehyde  
vapour ,  showed no fluorescence, Control  glands freeze- 
dr ied and  t r ea t ed  wi th  the  vapour  showed min imal  fluo- 
rescence in the  cephalic lobe and none in t he  caudai  lobe. 
The spect ra l  character is t ics  of this  f luorescence could no t  
be de te rmined .  

In  glands f rom the  in jec ted  series of birds,  t r ea t ed  by  
the  F I F  procedure,  a greenish-yel low fluorescence was 
observed in a var iable  propor t ion ,  e s t ima ted  as abou t  one 
th i rd ,  of the  ceils in the  cephal ic  lobe (Figure a). This 
f luorescence exh ib i t ed  the  correct  spect ra l  character is t ics  
for dopamine  (excitat ion m a x i m u m  410-420 nm, emis- 
sion m a x i m u m  480-485 nm). 

Slides t r ea ted  for the  second t ime,  w i th  an t i -ACTH 
serum, showed a character is t ic  f luorescence in cells 
located in the  cephalic lobe and it was possible to f ind 
correspondence  be tween  ceils showing F I F  (Figure a) 
and  those  wi th  specific pep t ide  immunof luorescence  
(Figure b). 

Discussion. In  the i r  s tudies  on mouse  p i tu i t a ry  g land 
TAKOR TAKOR and  PEARSE 1 found direct  cor respondence  
be tween  cells responsible  for L-DOPA up take  and cells 
wi th  immunof luorescence  for ACTH and g rowth  hormone .  
In  th is  repor t  we d e m o n s t r a t e  t h a t  in chick and quail  
embryon ic  p i tu i t a ry  cells react ing posi t ively  wi th  an 
imm une  serum prepared  agains t  the  whole ACTH 
molecule are responsible  for L-DOPA up take  and decar- 
boxyla t ion .  Thus  the  cor t ico t rophs  of avian  adenohypo-  
physis  are to be regarded as A P U D  cells. On the  o ther  

hand ,  as shown by  FERRAND, MIEGEVILLE and  LE 
DOUARIN 5 all the  cells of chick and  quail  p i tu i ta ry ,  wi th  
formol  induced  fluorescence af ter  L-DOPA inject ion,  are 
also PAS-pos i t ive .  Thus, as observed  in various species of 
mammal ,  ACTH cells of embryon ic  or young  quail  and  
chick are charac te r ized  by  P A S  posi t ive  react ion.  The 
same obse rva t ion  was previously  made  by  DvBolS 6 in 
the  hen p i tu i t a ry  gland. 

Summary. L-DOPA is t aken  up and  deca rboxy la t ed  by  
cells in t he  avian  adenohypophys i s ,  which  are s i tua ted  
largely in the  cephal ic  lobe. These A P U D  cells have  been 
shown by  sequent ia l  fo rmaldehyde- induced  and  i mmuno-  
f luorescence to be cor t ico t rophs  and the  re la t ionship  be- 
tween  the  two procedures  has been found to have  a recip- 
rocal qual i ty .  
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Effect  of I n s u l i n  on  the  G l u c o s e  U p t a k e  of  P r o t o z o a  

Pro tozoa  do no t  no rma l ly  possess a ho rmona l  regula t ing 
mechanism,  bu t  t h e y  have  been  shown to  conta in  cer ta in  
hormone- l ike  substances ,  e.g. Tetrahymena pyri/ormis 
was shown to con ta in  adrenal ine  and sero tonin l .  I t  was 
also shown exper imenta l ly  t h a t  unicellular  organisms 
are able to react  to ho rmones  of h igher  animals.  BLUM2 
repor ted  t h a t  t r i iodo thyron ine  has an influence on 
Tetrahymena and  o thers  ~ found t h a t  its receptors  re- 
spond select ively to  the  various iodine-conta in ing hor-  
mones.  H i s t amine  and serotonin  enhance  the  phagocy t i c  
ac t iv i ty  of Tetrahymena 4 in the  same manne r  as in cells of 

h i g h e r  animals.  In  addi t ion  Tetrahymena is able to 
dis t inguish be tween  serotonin  and  the  chemical ly  re la ted  
p lan t  hormone,  indole acetic  acid 4. All ho rmones  t e s t ed  
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Effect of insulin on glucose intake by Tetrahymena pyriJormis. 
C1, glucose control; C2, glucose + insulin control; Ca, glucose + 
Tetrahymena control. 

up to now for a possible influence on Tetrahymena were 
simple amino  acid der ivat ives ,  and a l though  the  presence 
of receptors  was shown in cer ta in  cells no t  normal ly  
re la ted  to ho rmona l  act ivi ty ,  it  seemed wor thwhi le  to 
inves t iga te  the  effect  of cer ta in  ho rmones  which  occur 
exclusively in h igher  animals.  

Two-day  cul tures  of Tetrahymena pyri/ormis GL were 
used in s t a t i ona ry  phase  a t  25~ The m e d i u m  was 1% 
B a c t o t r y p t o n  (Difco) con ta in ing  0.05% yeas t  ex t rac t .  
24 h before the  s t a r t  of the  exper iments ,  the  Tetrahymenae 
were cent r i fuged at  500 rpm,  t hen  separa ted  f rom the  
med i u m and subsequen t ly  kep t  in LOSINA-LosINSKY'S 
solut ion 5. Af te r  24-h s ta rva t ion ,  glucose (concent ra t ion  
range:  12.5-100 mg/100 ml) and bovine insulin (concentra-  
t ion range:  2 X 1 0 - 1 - 2 X 1 0  -s mg /ml ;  1 m g =  17 IU) 
were added  to the  cul ture tubes  a t  t imes  rang ing  f rom 
10 min to 24 h a t  25~ to  find the  op t imal  t ime and  con- 
cent ra t ion .  E a c h  cul ture tube  conta ined  3,000 cells per  
ml. Control  series were set  up wi th  glucose alone, glucose 
+ insulin and  glucose + Tetrahymena. 10 min  la ter  the  
p ro tozoa  were p rec ip i ta ted  wi th  0.3 N t r ichloroacet ic  
acid, the  cul tures  were cent r i fuged at  3000 r p m  for 10 
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