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ABSTRACT

The introduction of a crude hypothalamic protein 
extract into ten in vitro cockerel adrenal bisect prepara
tions failed to significantly stimulate adrenal release of 
corticosterone into the incubation media. The hypothesis 
that an extra-hypophyseal source of an ACTH-like substance 
exists in the avian hypothalamus gains no support from 
this study.
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INTRODUCTION

Resko, Nortony and Nalbandov (1964) suggested that 
an. extra-hypophyseal ACTH-like factor was present in the 
/hypothalamus of the chicken and that this factor was 
released de novo in:hypophysectomized birds with no damage 
to the median eminence.

The hypothesis that an extra-hypophyseal ACTH-like 
factor exists in the chicken hypothalamus was tested in 
this study by introducing a hypothalamic protein extract 
into 10 in vitro cockerel adrenal preparations and 
measuring the corticosterone released0



MATERIALS AND METHODS

Eleven 21 to 24 week-old White Leghorn cockerels 
from a single flock served as donors of adrenal tissue„ 
Three weeks prior to adrenal excision6 all of the 11 
cockerels were subjected to a photoperiod regimentation of 
8 hours light and 16 hours darkness, A preliminary inves
tigation by this author had indicated that the state of 
sexual maturation of the cockerels may have influenced 
adrenal sensitivity to exogenous ACTH. This preliminary 
•study also indicated that adrenal sensitivity might be in
creased by reducing the photoperiod„ The cockerels were 
housed at room temperature in groups of 2-3 in a special 
battery of cages inside a photoperiod chamber„ Limited 
movement was possible and food and water was provided ad 
libitum.

All of the cockerels were sacrificed by cervical 
dislocation. Two or three cockerels were used at a time. 
Immediately after sacrificing, the body cavity was opened 
and the adrenal glands were extracted simultaneously and 
in an intact condition. All extraneous tissue was removed 
and the adrenals were then bisected with a pair of fine 
surgical scissors and weighed.
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,  3
Sixty 1 year-old White Leghorn laying hens from 

one flock were used as sources for hypothalamic, pituitary 
and cerebellar tissues. The birds were sacrificed under 
chloroform. Fifteen birds were used at a time. Immediately 
after sacrificing, the craniums of the birds were opened, 
whole brains were extracted and the anterior'pituitaries 
were removed from the sella turcica. Hypothalamic sections, 
whole cerebelli and anterior pituitaries were then pooled 
separately and homogenized in acetone.

Extraction of the protein from the respective 
tissues was accomplished by minor variations of the Koch 
and Wolf (1955) technique. The concentrations of the crude 
protein extracts prepared from hypothalamic, anterior 
pituitary and cerebellar tissues were equivalent to 5 of 
each of the extracted tissues per ml.

Four experiments were performed each week during 
the period 4/17 to 5/10/1968. Each of the experiments 
consisted of 2 to 3 trials performed concurrently. A total 
of 11 trials were performed in the four experiments. With 
-the exception of the last, four different adrenal bisects 
were used in each in vitro trial. These bisected adrenals 
were incubated, in a Dubnoff incu-shaker with the various 
crude protein extracts and a mammalian ACTH (Acthar, Armour . 
Pharmaceutical Co.) preparation. The incubating fluids 
were prepared by the technique of DeRoos (DeRoos and



DeRoos, 1964) except that the Krebs-Ringer bicarbonate 
solution contained only 20 gm of dextrose per liter and 
the pH of the incubating fluid was 7„4„

The bath temperature was held at 37°C. Incubation . 
proceeded for 4 hours and there was no pre-incubation 
period„

The first of these preparations was a hypothalamic- 
adrenal preparation consisting of a 0.5 ml addition of the 
crude hypothalamic protein extract to 2.5 ml of incubating 
fluid containing a single adrenal bisect. The final crude 
protein concentration was„ therefore, equivalent to 0.8 . 
extracted hypothalamus per ml.

The second adrenal bisect was incubated with 0.5 
ml of the crude pituitary extract in 2.5.ml of incubating 
fluid. The third preparation consisted of a 0.5 ml 
addition of the crude cerebellar protein solution to 2.5 
ml of incubating fluid containing an adrenal bisect.' The 
final crude protein concentration in both instances was 
■equivalent to 0.8 extracted pituitary or cerebellum per ml.

The fourth preparation consisted of a 0.5 ml 
addition of the mammalian ACTH preparation to 2.5 ml of 
incubating fluid containing an adrenal bisect. The final 
ACTH concentration was equivalent to 0.55 USP units per ml.

The crude protein extracts and the ACTH solution 
were examined for interfering fluorogenic impurities. The



same concentrations and methodology were employed with 
these solution controls as were utilized for the adrenal 
,bisect preparations except no adrenal tissue was present. 
’These controls were run concurrently with the adrenal 
bisect preparations during each experiment.

The concentrations of released corticosterone were 
measured.by the technique of Silber and Porter (1954) as 
adapted for fluorometric analysis by Sweat (1954). The 
..modifications of Silber„ Busch, and Oslapas (1958) to the 
Silber and Porter (1954) technique were also adopted. The 
amount of fluorescing corticosterone within the incubating 
fluids, after solution control correction, was read from a 
corticosterone standardization Slope which fit the regres
sion equation y=a+bx„ These readings were then expressed 
in terms of a corticosterone production rate (ug of 
.corticosterone per ml Of incubating, fluid per 100 mg of 
adrenal tissue per hour). Statistical analysis of the 
data was by the method of analysis of variance (Simpson, 
-Roe, arid Lewontin, I960).



RESULTS

The individual trial preparation results are 
presented in Table 1. The hypothalamic-adrenal preparation 
in trial 1 and the pituitary-adrenal, cerebellar-adrenal 
and ACTH-adrenal preparations in trial 2 were lost during 
centrifugationo No cerebellar-adrenal preparation was 
run in trial 11.

The mean responses (+ 2 standard errors) for the 
pituitary-adrenal, hypothalamic-adrenal and cerebellar- 
adrenal preparations are presented in Figure 1. The 9 
cerebellar-adrenal (control) preparations produced fluores
cence equivalent to a mean corticosterone production rate 
of o002 ug/ml/lOOmg/hr with a standard error of +.002. Ten 
hypothalamic-adrenal preparations produced fluorescence 
equivalent to a mean corticosterone production rate of 
.005 +.003 ug/ml/lOOmg/hr. These means were not statisti
cally different from zero.

• In contrast, when adrenal glands were incubated with 
the crude pituitary protein extract they produced fluores
cence considerably above that of the adrenals incubated with 
the cerebellar and hypothalamic crude protein extracts.
The pituitary-adrenal incubations produced a secretion 
comparable to 0.16 +.02 ug/ml/100 mg/hr which Was



T a b l e  1. P r e p a r a t i o n  r e s p o n s  es— c o r t i c o s t e r o n e  

pro du c t i  on r a t e  ( ug / m l / 1 0 0  mg / h r ) .

A C T H -  P i t u i t a r y -  Hypothalamic-  C e r e b e l l a r -
t r i a l  a d r e n a l  a dr  e n a I , a d re n o I   a d r e n a l

1 1.70 0.11 -x- 0

EXP. 1 2 -X- # 0
3 1.00 0.23 0 0

4 0.4 6 0.23 0.02 0

EXP. 2 5 0.33 0.18 0 0.02
6 1.35 0.14 0 0
7 0.33 0.20 0 0

EXP. 3 8 0.04 0 0 0
9 . 0.19 ' 0.18 0.03 0

EXP. 4
10 0.29 0.11 O 0

I 1 0.0 9 0.23 0 not run
■.mean* 
S. E. 0.578 * 0.18 0.161 * 0.073 0.005 * 0.003 0.002 * 0.002

lost during centrifugation
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statistically different from the mean cerebellar-adrenal 
secretion at the 0.01 level of probability.

To test the ability of the adrenal glands to pro
duce measurable corticosterone under the influence of 
mammalian ACTH of known biological activity, ten ACTH- 
adrenal preparations were employed. These preparations 
produced fluorescence equivalent to an average corti
costerone production rate of 0.58 +.18 ug/ml/lOOmg/hr.
The standard error value for the ACTH-adrenal response 
(+.18) was considerable and was, of course, a manifesta
tion of the large range of the individual trial responses



DISCUSSION

The addition of a crude hypothalamic protein ex
tract equivalent to 0.8 extracted hypothalamus per ml 
failed to elicit significant steroidogenesis in ten; in 
vitro cockerel adrenal bisects. Likewise, the presence 
of a crude cerebellar protein extract equivalent to 0.8 
extracted cerebelli failed to stimulate significant 
steroidogenesis in nine other in vitro adrenals. Thus, it 
would appear that no ACTH-like factor was present in either 
preparation. The adrenals did respond significantly to 
the presence of a crude anterior pituitary protein extract, 
indicating the presence of an avian ACTH-like factor in the 
pituitary.

Frankel, Graber, and Halbandov (1967b) reported 
that hypothalamic lesions in the ventral tuberal area of 
intact chickens caused a decrease in adrenal venous 
corticosterone concentrations. Similar lesions in adeno- 
hypophysectomized birds were reported to cause an elevation 
in corticosterone concentration when compared with the in
tact lesioned response. These authors concluded that the 
hypothalamus was not the site of an extra-hypophyseal 
source of an ACTH-like substance.

10



11
Frankel et al„ (1967c) reported that a hypothalamic 

homogenate from chicken source failed to elicit steroido
genesis in 5 cockerel in vitro adrenal preparations.
However, these authors stated that it was possible that the 
in vitro system used to detect ACTH was not sensitive 
enough. No pituitary-adrenal preparation (control) was 
employed in their study.

In hypophysectomized mammals, the adrenal gland 
quickly atrophies (Deane and Creep,"1946) and loses its 
ability to both synthesize adrenal steroids and respond to 
stress (Guillemin et al,, 1958),

In contrast, hypophysectomy has only limited effect 
on adrenal histology in birds (Miller and Riddle, 1942; 
Nalbandov and Card, 1943; Resko et al,, 1964; Frankel et 
al,, 196 7b) and there is considerable evidence now avail
able that the adrenal glands of birds may continue to 
produce corticosteroids in the absence of the adeno
hypophysis (Brown, 1961; Nagra et al,, 1963; Resko et al,.,. 
1964; Frankel, Graber, and Nalbandov, 1967a; Frankel et al,, 
1967c),

The ability of the bird adrenal to adjust rapidly 
to adenohypophysectomy by maintaining a significant pro
duction of corticosterone could conceivably be explained 
by one or a combination of three possibilities. The 
adrenal gland of the bird could function autonomously, the 
posterior pituitary might have adrenocorticotrophic
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properties or finally, an extra-hypophyseal source of an 
ACTH-like substance might serve to maintain the adrenal. 

There appears to be considerable evidence in the' 
-literature which would rule against posterior pituitary 
involvement including the reports that neurohypophyseal 
atrophy does not effect in vivo steroidogenesis (Frankel 
et al,, 1967b) and that pitressin, pitocin and arginine 
vasotocin appear to have no adrenocorticotrophic pro
perties in adenohypophysectomized birds (Resko et al„,
1964; Frankel et a l 1 9 6 7 a ) ,

It has been reported (Frankel et al., 1967a) that 
adrenal function in the adenohypophysectomized chicken can 
be totally inhibited by an ACTH inhibitor (dexamethasone

iphosphate) which has no inhibitory effect upon the adrenal 
directly. In addition, it has been reported that the 
adrenal gland of the adenohypophysectomized chicken can 
respond positively to stress (Nagra et al., 1963; Frankel 
et al.,. 1967a). This evidence argues against the possi
bility of adrenal autonomy and indicates that an extra- 
hypophyseal source of ACTH may exist in the bird, although 
the evidence gained from this study would indicate that 
this factor probably does not reside in the hypothalamus.

The hypothalamus, however, would seem to be in
volved in the control of the pituitary-adrenal axis in the 
bird although, due to conflicting lesioning reports, its
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contribution is unclear. In intact chickenst lesions in 
the ventral tuberal area of the hypothalamus have been 
reported to reduce adrenal venous corticosterone levels to 
that seen in hypophysectomized chickens (Frankel et al„e 
1967b)„ Aspiration of the median eminence of adeno- 
hypophysectomized pigeons has been reported to cause adrenal 
hypertrophy (Miller, 1961)„ Resko et al„ (1964) reported . 
that lesions in the median eminence of chickens resulted 
in a significantly reduced rate of corticosterone pro
duction when compared with hypophysectomized birds with no 
such lesions„ In contrast to this, Frankel et al, (1967b) 
reported that there was no change in the release of 
corticosterone in hypophysectomized birds lesioned in the 
median eminence but that lesions in the ventral tubera1 
area increased In vivo steroidogenesis when compared with 
intact lesioned birds,

The most recent model proposed for explaining the 
control of the avian adrenal in adenohypophysectomized 
chickens is that of Frankel et al, (1967c), In this model, 
the role of the ventral tuberal area of the bird 
hypothalamus would be modified when the hypophysis was 
removed and would mediate control of an ACTH-like factor 
produced elsewhere. According to the authors, this model 
would explain how stress and dexamethasone phosphate in
fluence adrenal response as well as explain the apparent



inhibitory role the ventral tuberal area plays in adeno- 
hypophysectomized birds„ However, there would appear to 
be specific areas of fault for this model„ First, it fails 
to take into account the discussed conflicting lesidning 
reports of Resko et al, (1964) and Miller (1961) „ Second, 
it does not explain why lesions in various areas of the 
hypothalamus apparently have no effect upon adrenal 
corticosterone content in the intact bird (Egge and 
Chiasson, 1963).

The ACTH-adrenal preparations in this study pro
bably responded on a maximal basis. The concentration of 
the Acthar used in this study (.55 USP units) was designed , 
to produce maximal adrenal stimulation and was probably

' fexcessive. DeRoos and DeRoos (1964) have reported that 0.1 
USP unit produced maximal stimulation in vitro.

The range of the individual adrenal bisect responses 
to Acthar cannot be readily attributed to a lack of speci
ficity on the part of the mammalian ACTH preparation as 
DeRoos and DeRoos (1964) have reported that both mammalian 
ACTH and an avian ACTH-like substance extracted from chicken 
anterior pituitaries possessed similar biological activity 
and that species specificity to ACTH may be absent. Also, 
the range cannot be attributed solely to differences in 
individual adrenal bisect sensitivity to ACTH as the 
pituitary-adrenal preparations did not exhibit the erratic
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responses displayed by the ACTH-adrenal preparations„ It 
is also possible that the actual quantity of Acthar admin
istered in each experiment was different in spite of the 
Uniform preparation method employed« Conceivablyn in spite 
of the photoperiod regimentation, it could be possible 
that the state of sexual maturation of the cockerels was 
adversely effecting maximal adrenal responsiveness, How
ever, a conclusion on this matter cannot be drawn on the 
evidence at hand.

The range of the pituitary-adrenal responses was 
appreciable although considerably less than the ACTH- 
adrenal range. It was not possible to determine whether 
or not this range was due to individual differences in 
adrenal bisect sensitivity, to a potential sexual develop
ment influence, to differences in the amounts of the ACTH- 
like factor actually extracted from the fifteen anterior 
pituitaries used in each experiment or to a combination 
of the above.

In light of the conflicting lesioning reports in 
the literature, a systematic reexamination of the effects 
of electrolytic lesions in various areas of the bird 
hypothalamus upon in vivo adrenal function would be prof
itable. Should the apparent inhibitory role of the ventral 
hypothalamus in the adenohypophysectomized bird be born 
out by.such a study, it would be of interest to determine
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whether or not dexamethasone phosphate would be capable of 
causing an inhibition of in vivo adrenal steroidogenesis in 
such a bird. In such an eventuality, the possibility of 
adrenal autonomy could be ruled out and the nature of the 
ventral tuberal area contribution would be further eluci
dated. The next logical step would be to determine the 
exact location of the extra-hypophyseal ACTH-like factor 
the ventral tuberal area would be controlling. Perhaps an 
autoradiographic approach employing labeled dexamethasone 
would be fruitful in pinpointing the exact location.

It is also suggested that there may be a possi
bility that the physiological state of male birds undergoing 
sexual maturation may exert a deleterious effect upon 
adrenal .sensitivity. This possibility is worthy of 
investigation.
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