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I t  is a well-known fact th a t  in the adrenal giand o f m am m als minerai 
corticoids are produced by the  zona glom erulosa, and giucocorticoids 
m aintv bv  the  zona fascicuiata and reticularis D e a n e  et ah, 1048, 
F  a r r e 1 et ah, 1056, G o l d m a n — R o n z o n i 1056, H  a r  t- 
r o f  t  — E i s e n s t e i n  1057, 8 t a  c h e n k o — G i r o u d 1050/a, 
1050/b). Tlic stuc tu re  of the  adrenal cortex of avians differs from th a t 
of m am m als. However, in certain  cases th e  interrcnal cells producing 
steroids also form two zones resem bling those found in m am mals (A r v y 
1061, B h a t t  a c h a r  y y a  — G h o s h  1063. B u r g e  r 1038, 
G h o s h  1963, K  n o u f  f  — H  a r t m a n 1951, L o r e n z e n — 
F a  r n c r  1064, M i 1 1 e r  — R i d d 1 e 1042, M i l l e r  106!, 8 a u c r 
— L a t i m e r 1931, 8 i n h a  — G h o s h  1061, 1964). I t  has been
known for a com paratively long tim e th a t the two main hormones of the 
avian adrenal cortex are aldosterone and corticosterone ( D e R o o s  
1961, 1064, 1069), their localization, however, is unknow n. In dom estic 
pigeons it has been shown th a t  the outer subcapsular zone of the  adrenal 
cortex undergoes atrophy  due to  continuous adm inistration  of XaCl. 
Front the foregoing it was concluded th a t in avians the  ou ter zone, si
m ilarly to  the zona glomerulosa in mammals, produces aldosterone and 
the more deeply situated  wider zone, analogous to  the zona fascicuiata, 
produces corticosterone (K o n d i c s 1063). In the  present s tudy  d a ta  
obtained by "in v itro" m ethods on the corticosterone production of the 
two zones of the  adrenal cortex in cockerels, fu rther the hypophyseal 
control of these zones are presented.

Material and Method

Ten 11-m onth old white leghorn cockerels were decapita ted  and the 
adrenal glands were cut into 1 nun thick discs with a device made of 
razor blades. U nder a binocular microscope 15—20 mg sections were 
prepared of the  inner and outer zones in K rebs-R ingcr solution w ith the



help o f a fine knife m ade from a  .splintered razor blade. The specimens 
taken  from the two zones were incubated in the usual way, a fte r pre- 
incubation of 15 m inutes it) K rcbs-R ingcr buffer solution, for an hour 
with a eonstant profusion o f a m ixture of 95% oxygen and 5% carbon dioxi
de. The corticosteron produced was determ ined by fluorim etrv (S i I b e r 
et ak, 195S). The experim ent was la ter repeated with the modification 
th a t 3 x 1 3  — 20 mg pieces were taken  from  both zones and at the be
ginning o f the incubation 0,05 and 0,15 IU  ACTH/100 mg adrenal was 
added to  2 specimens, respectively.

Results

The histological picture of the cockerel adrenal cortex can be seen 
in Fig. 1. The adrenal cells producing catecholam ines form isles between 
the interrenal cels secreting steroids. In the ou ter zone more interrcnal 
cells can be seen in the  microscopic picture than  in the  picture of the inner 
zone. The fresh cells of the peripheral zone are lemon yellov in adult 
cockerels, while those of the inner zone are white, therelore the two zones 
can be readily separated  during preparation.

In  Fig. 2 the corticosterone production of the inner and outer zones 
is shown. In the u n trea ted  anim als the peripheral zone produces much 
more corticosterone, as compared to  the  ou ter zone.

In Fig. 3 the secretional ac tiv ity  of the  zones is shown after the add i
tion of ACTH. The treatm ent stim ulated  the ac tiv ity  of both zones, 
however, the increase in corticosterone production was more significant 
in the  inner zone, so th a t  (1,15 IU  ACTH/10P mg adrenal sufficed for the 
inner zone to  exceed the  production o f the  outer zone.
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Discussion

Our own studies (K o n  d i e s  MM3, DM4, DM3, 1!)6R), a s w e l l a s  
the  results of o ther au tors ( B h a t t a c h a r y y a  — G h o s h  1063, 
L  o r  e n x e n — F a r n e r 1064, ^ f i l l e r  — R i d d 1 e 1042, S i n h a 
— G ti o s  )i 1064) have proved th a t each zone of Hie avian adrenai 
gland reacts to  the different stresses affecting the  organism iti different 
ways, even in cases where, under contended circum stances, no morpholo 
gical difference exist between the  two zones. I'hc difference in the re 
spouse between the two zones of the avian adrenal cortex can probably be 
explained by the  difference in the localization of aldosterone and corti
costerone. \Yc have shown th a t, by adm inistering foot! rich in salt, the 
peripherally situated  interrenal cells of the adrenal giant! become selectiv
ely atrophied. From this phenomenon we have concluded th a t  in avians, 
sim ilarly to  m am mals, aldosterone is most probably localized in the peri 
plieral zone, and tha t corticosterone is produced in the  inner zone (K o n- 
d i c s  1663).

The corticosterone production of the peripheral and inner zone of 
the  cockerel seems to be in contrast with the  above suggestion. Platii- 
m clric m easurem ents carried out to  gain general inform ation, showed 
th a t  in the  peripheral zone of cockerels the  num ber of interrenal cells 
exceeded by a factor of 2 to  3 the num ber of sim ilar cells found in the inner 
zone. Consequently, the  peripheral zone produces 2 —3 tim es more corti
costerone, which naturally  accounts for the  fact th a t  in the control a n i
mals the g reater p a rt of corticosterone was produced by the  peripheral

Fig. 2. Fig. 3.



zone, This, however is not in con trast with the  supposed presence o f a) 
dosterone, since it is known th a t  corticosterone is the  precursor of aldo
sterone. However, the  high gtucocorticoid production is surpassing, 
since giucocorticoid is [)roduccd in the  peripheral zone o f the mamma) 
adrenal glands in small quantities, oniy (S t  a c h e n k o — G i r o u d 
1959a,b). In  th is respect the  difference between avian and mammal 
adrenal glands is significant.

Due to  th c e ife c t of ACTH the  corticosterone production of both 
zones increases, however, in the  inner zone to  a larger ex ten t and thus 
th e  adm inistration of 0,15 IU  ACTH/KK) tng adrenal sufficies for the  inner 
zone to  surpass significantly the  production o f the peripheral zone. This 
m eans th a t th e  ACTH response of the  two zones is different: the outer 
zone secretes a  significant am ount o f corticosterone a t low ACTH level, 
while the  inner zone can only do th a t  a t a  higher level o f ACTH secret ion. 
The slower increase of corticosterone production in the  ou ter zone in the 
case of stim ulation might be explained by the increased corticosterone 
aldosterone transform ation. I t  is a well-known fact th a t  in avians ACTH 
intensifies aldosterone secretion (1) e R o o s 1 96!)).

The above s ta tem en ts are all in agreem ent with the  results of o thcr 
au thors and also with our own findins obtained in experim ents carried 
out with pigeons. It was shown th a t by stim ulating  the adrenal gland, 
growth in nuclear volume increased in the  inner zone and, parallellv, 
<he ra te  o f decrease in sudanophilia was also faster. I f  endogenous ACTH 
is suppressed by prednisolone, a trophy will only affect the  inner zone, 
the  peripheral zone, on the o ther hand, will remain unchanged (K o n- 
d t e s  1965). Accordingly, atrophy  will be restricted to  the inner zone 
afte r hypophvsectom y ( M i l l e r — R i d d 1 e 1942, M i l l e r  1961).

On the basis ot the  above results, the question o f the autonom y of 
avian adrenal glands can be raised. I t  is known that the decrease in the 
weight of the adrenal gland a fte r  hypophvsectom y, in contrast to  other 
endocrine organs, is significantly less in avians ( S c h o o l c y  et al. 
1941). On the o ther hand, steroid production decreases only to  57 per cent 
of the  original value, a t the most (B r o w n 1961, F r a n k e 1 ct al. 
1967). These findings suggest tha t avian adrenal glands are, to  a certain 
degree, autonom ous, i.e. the adrenal gland is able to perform certain basic 
secrctional activities w ithout the  participation of the p itu ita ry  gland. 
However, if exposed to stress, the  adrenal gland of a hypophyscctom izcd 
anim al is not able to  increase its ac tiv ity  (B r o w n 1961). O thers ex 
plain the relatively high basic secretion without the help of ACTH bv 
the  extrahypophyseal stim ulative factor, i. e. with oxtrahypophyseal 
ACTH, which can be localized in the cm inentia m ediana (R é c z c 1 y — 
— Z b o r a y  1967, R e s  k o  et al. 1964). In  our opinion the idea of 
the  relative autonom y of the adrenal gland seems more accept aide, mainlv 
due to  the  argum ents brought forw ard in the  present paper and based on 
the  lack oi relative ACTH response of the  peripheral zone.
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Summary

1. U nder eontrotted conditions, Die peripheral zone of the  adrenat 
cortex in eoekereis secretes approx. 3 times more corticosterone, as com 
pared to  the inner zone. This is due first of ad  to the  g reater num ber of 
in terrenai ceiis.

2. U nder the  effect of ЛСТН, the  corticosterone production of both 
zones increases, however growth in the inner zone is faster. U pon the a d 
m inistration of 0,1.5 IU  ACTH/100 mg adrenal, the  production o f the inner 
zone wid significantly surpass th a t  of the peripheral zone. The explanation 
o f the  above phenom enon is to  be sought in the  difference between the 
sensitiv ity  o f the  two zones to  AUTH and in the  increased corticosterone 
aldosterone transform ation in the  peripheral zone.
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