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It is a well-known fact that in the adrenal gland of mammals mineral
corticoids are produced by the zona glomerulosa, and glucocorticoids
mainly by the zona fasciculata and reticularis Deane et al., 1948,
Farrel et al, 1956, Goldman — Ronzoni 1956, Hart-
roft — Eisenstein 1957, Stachenko — Giroud 1959/a,
1959/b). The stucture of the adrenal cortex of avians differs from that
of mammals. However, in certain cases the interrenal cells producing
steroids also form two zones resembling those found in mammals (Arvy
1961, Bhattacharyya— Ghosh 1963, Burger 1938,
Ghosh 1963, Knouff— Hartman 1951, Lorenzen —
Farner 1964, Miller — Riddle 1942, Miller 1961,Sauer
— Latimer 1931, Sinha — Ghosh 1961, 1964). It has been
known for a comparatively long time that the two main hormones of the
avian adrenal cortex are aldosterone and corticosterone (DeRoos
1961, 1964, 1969), their localization, however, is unknown. In domestic
pigeons it has been shown that the outer subcapsular zone of the adrenal
cortex undergoes atrophy due to continuous administration of NaClL
From the foregoing it was concluded that in avians the outer zone, si-
milarly to the zona glomerulosa in mammals, produces aldosterone and
the more deeply situated wider zone, analogous to the zona fasciculata,
produces corticosterone (Kondics 1963). In the present study data
obtained by “in vitro” methods on the corticosterone production of the
two zones of the adrenal cortex in cockerels, further the hypophyseal
control of these zones are presented.

Material and Method

Ten 11-month old white leghorn cockerels were decapitated and the
adrenal glands were cut into 1 mm thick dises with a device made of
razor blades. Under a binocular microscope 15—20 mg sections were
prepared of the inner and outer zones in Krebs-Ringer solution with the
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help of a fine knife made from a splintered razor blade. The specimens
taken from the two zones were incubated in the usual way, after pre-
incubation of 15 minutes in Krebs-Ringer buffer solution, for an hour
with a constant prefusion of a mixture of 959, oxygen and 5%, carbon dioxi-
de. The corticosteron produced was determined by fluorimetry (Silber
et al., 1958). The experiment was later repeated with the modification
that 3X 15— 20 mg pieces were taken from both zones and at the be-
ginning of 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 catecholamines form isles between
the interrenal cels seereting steroids. In the outer zone more interrenal
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-vellov in adult
cockerels, while those of the inner zone are white, therefore 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 untreated animals the peripheral zone produces much
more corticosterone, as compared to the outer zone.

In Fig. 3 the secretional activity of the zones is shown after the addi-
tion of ACTH. The treatment stimulated the activity of both zones,
however, the increase in corticosterone production was more significant
in the inner zone, so that 0,15 IU ACTH/100 mg adrenal sufficed for the
inner zone to exceed the production of the outer zone.
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Discussion

Our own studies (Kondics 1963, 1964, 1965, 1968), as well as
the results of other autors (Bhattacharyva — Ghosh 1963,
Lorenzen — Farner 1964, Miller — Riddle 1942, Sinha
— Ghosh 1964) have proved that each zone of the avian adrenal
¢land reacts to the different stresses affecting the organism in different
ways, even in cases where, under controlled circumstances, no morpholo-
cical difference exist between the two zones. The difference in the re-
sponse between the two zones of the avian adrenal cortex can probably be
explained by the difference in the localization of aldosterone and corti-
costerone. We have shown that, by administering food rich in salt, the
peripherally situated interrenal cells of the adrenal gland become selectiv-
ely atrophied. From this phenomenon we have concluded that in avians,
similarly to mammals, aldosterone is most probably localized in the peri-
pheral zone, and that corticosterone is produced in the inner zone (K o n-
dies 1963).

The corticosterone production of the peripheral and inner zone of
the cockerel seems to be in contrast with the above suggestion. Plani-
metric measurements carried out to gain general information, showed
that in the peripheral zone of cockerels the number of interrenal cells
exceeded by a factor of 2 to 3 the number of similar cells found in the inner
zone. Consequently, the peripheral zone produces 2—3 times more corti-
costerone, which naturally accounts for the fact that in the control ani-
mals the greater part of corticosterone was produced by the peripheral
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zone. This, however is not in contrast with the supposed presence of al-
dosterone, since it is known that corticosterone is the precursor of aldo-
sterone. However, the high glucocorticoid production is surprissing,
since glucocorticoid is produced in the peripheral zone of the mammal
adrenal glands in small quantities, only (Stachenko — Giroud
1959a,b). In this respect the difference between avian and mammal
adrenal glands is significant.

Due to the effect of ACTH the corticosterone production of both
zones increases, however, in the inner zone to a larger extent and thus
the administration of 0,15 IU ACTH/100 mg adrenal sufficies for the inner
zone to surpass significantly the production of the peripheral zone. This
means that the ACTH response of the two zones is different: the outer
zone secretes a significant amount of corticosterone at low ACTH level,
while the inner zone can only do that at a higher level of ACTH secretion.
The slower increase of corticosterone production in the outer zone in the
case of stimulation might be explained by the increased corticosterone
aldosterone transformation. It is a well-known fact that in avians ACTH
intensifies aldosterone secretion (De Roos 1969).

The above statements are all in agreement with the results of other
authors and also with our own findins obtained in experiments carried
out with pigeons. It was shown that by stimulating the adrenal gland,
growth in nuclear volume increased in the inner zone and, parallelly,
the rate of decrease in sudanophilia was also faster. If endogenous ACTH
is suppressed by prednisolone, atrophy will only affect the inner zone,
the peripheral zone, on the other hand, will remain unchanged (K o n-
diecs 1965). \((,mdmgl_\, atrophy will be restricted to th inner zone
after hypophysectomy (Miller — Riddle 1942, Miller 1961).

On the basis of the above results, the question of the autonomy of
avian adrenal glands can be raised. It is known that the decrease in the
weight of the adrenal gland after hvpnphvﬂ(-(mm\' in contrast to other
endocrine organs, is significantly less in avians (Schooley et al.
1941). On the other hand, steroid production decreases only to 37 per cent
of the original value, at the most (Brown 1961, Frankel et al
1967). 'l'hesc findings suggest that avian adrenal glands are, to a certain
degree, autonomous, i.e. the adrenal gland is able to perform certain basic
secretional activities without the participation of the pituitary gland.
However, if exposed to stress, the adrenal gland of a hypophysectomized
animal is not able to increase its activity (Brown 1961). Others ex-
plain the relatively high basic secretion without the help of ACTH by
the extrahypophyseal stimulative factor, i.e. with extrahypophyseal
ACTH, which can be localized in the eminentia mediana (Péczely —
—Zboray 1967, Resko et al. 1964). In our opinion the idea of
the relative autonomy of the adrenal gland seems more acceptable, mainly
due to the arguments brought forward in the present paper and based on
the lack of relative ACTH response of the peripheral zone.
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Summary

1. Under controlled conditions, the peripheral zone of the adrenal
cortex in cockerels secretes approx. 3 times more corticosterone, as com-
pared to the inner zone. This is due first of all to the greater number of
interrenal cells.

2. Under the effect of ACTH, the corticosterone production of both
zones increases, however growth in the inner zone is faster. Upon the ad-
ministration of 0,15 IU ACTH/100 mg adrenal, the production of the inner
zone will significantly surpass that of the peripheral zone. The explanation
of the above phenomenon is to be sought in the difference between the
sensitivity of the two zones to ACTH and in the increased corticosterone
aldosterone transformation in the peripheral zone.
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