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Occurrence of Adrenal ine  and Noradrenal ine  Cells in the Adrenal  Gland of the 
( PygosceUs papua) 

T he  ear l ier  work  of I-IILLARP and  H6KFELT 1 s u p p o r t e d  
t h e  idea t h a t  in  t he  ad r ena l  medul Ia  t he re  are 2 s epa ra t e  
s t r a in s  of a d r e n o c h r o m a f i n  cells: ad rena l ine  and  nor-  
ad rena l ine  s to r ing  cells. N u m e r o u s  s tud ies  in  which  dif- 
f e ren t  t e chn iques  were used 1-5 showed  t he  occurrence  of 
these  cell t ypes  in  t he  ad r ena l  g lands  of va r ious  species. 
I n  r e l a t ion  to  birds,  t h i s  was  f i rs t  r epo r t ed  b y  ERANIr *. 
I n  some species t he  cel lular  s t ra ins  were shown  to  be  
a n a t o m i c a l l y  s epa ra t e  7. 

The  p r o b l e m  of the  d i s t r i b u t i o n  of these  types  of cells 
in r e l a t i on  to  t h e  cor t ical  t i s sue  still  r e m a i n s  open.  There-  
fore, in  order  to  e s t ab l i sh  t h e  cel lular  p a t t e r n s  of t h e  
g lands  in t h e i r  co r re spond ing  t a x o n o m i c  h ie ra rchy ,  i t  is 
i n t e r e s t i ng  to k n o w  the  n a t u r e  and  d i s t r i b u t i o n  of t h e  
ad rena l ine  a n d  n o r a d r e n a l i n e  c o n t a i n i n g  cells in  ad rena l  
g lands  of h igh ly  d i f fe ren t  species. W i t h  th i s  idea in mind,  
a s t u d y  on  t he  n a t u r e  of t i le c h r o m a f f i n  cells of t he  ad rena l  
g l and  of t he  Gen too  pengu in  (Pygoscelis papua) was per-  
fo rmed  d u r i n g  t h e  a u t h o r ' s  miss ion  to t he  A n t a r c t i c  
Penn insu la .  The  an ima l s  were c a u g h t  in  t h e i r  n a t u r a l  
h a b i t a t ,  b r o u g h t  to  the  s t a t i o n  and  t h e  g lands  were re- 
m o v e d  u n d e r  n e m b u t a l  anes thes ia .  The  ad rena l  g lands  
in th i s  specie are  s i t u a t e d  b e t w e e n  t h e  gonads  an d  t h e  
r ena l  veins.  T h e y  are inc luded  in t he  connec t ive  t issue of 
t h e  ovar ic  s t r o m a  in the  female  and  s epa ra t ed  f rom t h e  
gonads  in t he  male.  As in o t h e r  b i rds  t h e  g lands  show 
co lumns  of ' cor t ica l '  cells a n d  islets of c h r o m a f f i n  t issue, 
b o t h  s u r r o u n d e d  b y  a n  endo the l i a l  l ining.  The  ch romaf f in  
islets  are i r regula r  in  shape  a n d  size and  are somet imes  
r ep re sen t ed  b y  isola ted ch romaf f in  cells in se r t ed  be t w een  
t h e  ' cor t ica l '  cells. 

I n  order  to  e luc ida te  t he  amine  c o n t e n t  of the  cells, 
g lu t a ra ldehyde- s i lve r  r eac t ion  techniqueS,  s was appl ied.  
W i t h  tlais t e c h n i q u e  the  n o r a d r e n a l i n e  s to r ing  cells become  

Gentoo Pengu in  

g l u t a r a l d e h y d e  si lver  pos i t ive  a n d  t h e  ad rena l ine  s tor ing  
cells g l u t a r a l d e h y d e  s i lver  negat ive .  W h e n  th i s  t e c h n i q u e  
was appl ied  to th i s  specie, m o s t  cells were  shown to  be long 
to  t h e  n o r a d r e n a l i n e  s tor ing  type .  

W i t h  l igh t  mic roscopy  t h e  n o r a d r e n a l i n e  cells appea red  
d a r k  brown,  h a v i n g  regular  s i lver - reduced  prec ip i ta te ,  and  
w i t h  a nega t i ve  image  of t h e  nucleus .  The  ad rena l ine  
s to r ing  cells were  ident i f ied  b y  the  r e f r ingen t  co n t o u r  of 
t h e  islets (Figure  1). The  a u t o n o m i c  ne rves  n e x t  to  t he  
g l and  showed the  presence  of some s i lver  pos i t ive  cells 
(Figure  2). These  cells can  be  c lear ly  d i s t ingu i shed  f rom 
t h e  isola ted s y m p a t e t h i c  neu rons  ly ing  a long t h e  nerve,  
wh ich  do n o t  r eac t  w i t h  t h e  s i lver  a m m o n i a c a l  solut ion.  

E l ec t ron -mic roscopy  s tudies  With ma te r i a l  f ixed in 
g l u t a r a l d e h y d e  a n d  pos t - f ixed  in o s m i u m  tex t rox ide ,  b o t h  
in Millonig buf fe r  9, al lowed t h e  d i s t inc t ion  of 2 types  of 
cells. The  f i rs t  t y p e  is more  a b u n d a n t  a n d  has  granules  of 
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Fig. 1. Chromaffin islet treated with glutaraldehyde-silver reaction. 
Noradrenaline storing cells appear in dark. Some negative cells may 
be seen in the center of the islet, x 640. 

Fig. 2. An autonomous nerve showing small silver positive cells. 
x 640. 
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Fig. 3. Electron micrograph showing the granular morphology of the 
noradrcnaline storing type (NA), above, and the adrenaline storing 
type (A), below. • 15,000. 

Fig. 4. Electron mierograph of a similar field of the preceding figure 
showing abundant silver precipitate in the granules of the nor- 
adrenaline storing type (NA). • 15,000. 

ve ry  i r regula r  size, r ang ing  f rom 800 to 5000 ~ .  T h e y  also 
h a v e  h igh  e lec t ron  dens i ty .  The  m e m b r a n e  is closely 
a t t a c h e d  to  t he  g r anu l a r  ma te r i a l  and  t he  granules  are  of 
ve ry  d i f fe rent  fo rms :  spherical ,  rods and  c o m m a  shaped ,  
w i th  p r e d o m i n a n c e  of the  2 l a t t e r  types  (Figure 3 above) .  
"With the  g l u t a r a l d e h y d e  s i lver  t e c h n i q u e  these  cells 
showed reduced  s i lver  par t ic les  inside t he  g r a n u l a r  
ma te r i a l  (Figure 4, above).  The  morpholog ica l  a n d  h is to-  
chemica l  p ic tu re  of these  cells agrees w i t h  p rev ious  de- 
scr ip t ions  of t he  n o r a d r e n a l i n e  s to r ing  t y p e  3-5,7. T h e  
second t y p e  of cells was cha rac t e r i zed  b y  t he  presence  of 
regular ,  spher ica l  granules  smal ler  t h a n  those  of t h e  pre-  
ceding t y p e  (Figure  3, below). The  ves icu lar  m e m b r a n e s  
were genera l ly  s epa ra t ed  f rom the  granules  b y  a l u m e n  
wider  t h a n  100 A. The  granules  were h o m o g e n o u s  b u t  
some of t h e m  showed a dense  cen t ra l  p a r t  a n d  a pa r t i cu -  
la te  pe r iphe ra l  p a r t  (Figure 5). These  cells do no t  show a n y  
pos i t ive  g lu t a ra ldehyde- s i lve r  reac t ion  (Figure  4, below) 
and  t h e i r  charac te r i s t i c s  agree  w i th  those  of ad rena l ine  
s to r ing  cells ~ 5,7. A l t h o u g h  a lmos t  no  g ranu les  of a n  
ad rena l ine  s to r ing  cell r eac t ed  w h e n  s i lver  a m m o n i a c a l  
so lu t ions  were appl ied,  in some ceils we could f ind isola ted 
granules  which  p rec ip i t a t e  s i lver  par t ic les .  I t  h a s  been  
suggested  t h a t  th i s  pos i t ive  reac t ion  could be  due  to  the  
presence  of ad rena l ine  precursors  in these  p lacesS  

The  re la t ive  c o n t e n t  of ad rena l ine  a n d  n o r a d r e n a l i n e  is 
h igh ly  va r i ab l e  in d i f fe ren t  species. Adrena l ine  p redomi-  

Fig. 5. Granules of an adrenaline storing cell showing a particulate 
peripheral part (arrow). Nerve terminal on the left. • 22,500. 
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nares  in some, while in o thers  noradrena l ine  is p resen t  in 
h igher  conten t .  SHEPHERD and  WEST 10 proposed  the  
hypo thes i s  t h a t  t he  cor t ieoadrenal  t issue and its hormones  
bear  an  impor t ance  in de te rmin ing  the  t y p e  of t he  pre-  
d o m i n a n t  amine  in the  adrena l  gland. Since t h e n  m a n y  
controvers ia l  works  on the  subjec t  have  been  publ ished.  
In  spi te  of the  par t icu lar  pos i t ion of the  Pygoscelis papua 
in the  sys temat ic  classification, the  re la t ionship  be tween  
its cort ical  t issue and  the  adrenal ine  and  noradrena l ine  
conta in ing  cells is s imilar  to  t h a t  shown b y  all the  birds  
s tudied  up to now ", 11, l~,~a. 

Resumen. Se invest ig6 con microscopfa 6pt ica  y elec- 
t r6nica  y apHcando la t6cnica de g lu ta ra ldeh ido-p la ta  ~, s 
la dis t r ibuci6n y caracterfs t icas  de las c61ulas.que con- 

t i enen  adrena l ina  y noradrena l ina  en el pinguino Papf ia  
( Pygosceles papua). 
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Effect  of  H y p o p h y s e c t o m y  or  H y s t e r e c t o m y  on  the  L u t e a l  2 0 a - H y d r o x y s t e r o i d  D e h y d r o g e n a s e  in  
P r e g n a n t  R a t s  

The  ovar ian  level of 20c~-hydroxysteroid dehydrogenase  
(20~-HSD) seems to represent ,  in the  rat ,  one of the  
pr incipal  regu la tory  mechan i sms  in the  ca tabol i sm of 
proges te rone  1. This  enzyme is found only  in corpora  lu tea  
(CL) 2; it  appears  a t  a def ini te  t ime  in the  newly- formed  
CL, i.e. af ter  2-3 days  in t he  oestrous CL (late diestrus) 
and 20 days  af ter  ma t ing  in the  p regnancy  CL, i.e. shor t ly  
before pa r tu r i t i on  a, 4. 

Some exper imen ta l  d a t a  make  it possible to assume 
t h a t  the  appearance  of this  enzyme is under  h y p o p h y s a l  
cont ro l l ,  5, 6. The secre t ion of prolact in,  especially, seems 
to inh ib i t  its onse t  in t he  CL 1, 7. 

In  1938, ASTWOOD s d e m o n s t r a t e d  in the  ra t  t h a t  the  
ac t iv i ty  of the  CL in ma in ta in ing  p regnancy  in its early 
per iod and  pseudopregnancy ,  is under  h y p o p h y s a l  control .  
According to LINDNER and  SHELESNYAK 9 this  ac t iv i ty  
mani fes t s  i tself in a h igh proges te rone /20~-hydroxy-  
proges te rone  ra t io  in t he  blood. 

One can thus  p resume  t h a t  in early pregnancy ,  as in 
pseudopregnancy ,  the  absence of luteal  20~-HSD ac t iv i ty  
is ma in t a ined  by  the  h y p o p h y s a l  incret ion.  In  middle  and  
late p regnancy ,  when  ova  are a l ready implan ted ,  i t  can  be 
assumed t h a t  p lacen ta l  incre t ion is responsible  for main-  
ta in ing  the  CL 20~-HSD negat ive.  

E x p e r i m e n t s  eva lua t ing  the  20a-HSD ac t iv i ty  in preg- 
n a n c y  or  p seudop regnancy  CL of h y p o p h y s e c t o m i z e d  or 
hys t e rec tomized  ra ts  have  been  per fo rmed  in order  to  t e s t  
these  possibilities.  

Materials and methods. Female  albino rats ,  250-300 g 
body  weight ,  w i th  control led regular  oestrous cycles were 
used. P s e u d o p r e g n a n c y  was ob ta ined  by  ma t ing  the  
female ra t s  wi th  vasec tomized  males. The day  of cohabi-  
t a t ion  is a s sumed  as day  0 of pseudopregnancy .  P regnancy  
was induced  by  a 24 h cohab i t a t ion  of proes t rous  females  
wi th  males of p roven  fer t i l i ty  and conf i rmed by  the  pre- 
sence of sperms  in the  vag ina  the  morn ing  af ter  (day 1 of 
p regnancy) .  

H y p o p h y s e c t o m y  was per fo rmed  by  t r an spha ry n g ea l  
rou te  a n d  conf i rmed by  histological  examina t ion  of t he  
'sella turc ica '  on the  day  of sacrifice. H y s t e r e c t o m y  was  
pe r fo rmed  by  t r a n s a b d o m i n a l  route.  The di f ferent  experi-  
men t a l  condi t ions  and  the  n u m b e r  of animals  are shown 
in t he  Tables.  

A t  sacrifice, t h e  ovaries  of the  animals  were  d issec ted  
out,  quickly frozen by  CO S and then  processed according 

to  the  m e t h o d s  previous ly  descr ibed 4 for t he  de tec t ion  of 
the  3/~-hydroxysteroid (3fl-HSD) and  20e-HSD activit ies.  
The react ion for 3fl-HSD was used to  ident i fy  all the  CL. 

Results. (1) Pregnancy .  The d a t a  summar ized  in Table  I 
show t h a t  when  the  h y p o p h y s e c t o m y  is per formed before 
the  11th day  of p regnancy ,  all the  CL display a s t rong  
enzymat i c  20e-HSD ac t iv i ty  3 days  af ter  the  operat ion.  
On the  o ther  hand ,  when  the  h y p o p h y s e c t o m y  is per-  
formed af ter  the  13th day  of p regnancy ,  the  p regnancy  

Table I. Effect of hypophysectolny on corpora lutea of pregnant rats 

Day of Day of No. of No. of animals with 
operation sacrifice animals 20~-HSD negative CL 

1 4 4 0 
3 6 4 0 
7 10 5 0 

11 14 10 8 
13 16 8 8 
15 18 3 3 
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