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Abstract. Ontogenic adrenocortical function of the domestic was investigated using adrenocortical 
cells isolated from embryonic chicks ( 18, 19,20, and 2 1 days old) and male and female posthatch 
birds (1 day, 1 week, and 3 weeks old). Production of the predominant corticosteroids secreted 
by the chicken adrenal gland, corticosterone, cortisol, and aldosterone, was measured by radioim- 
munoassay after 2-hr incubation of cells with or without steroidogenic agents. Approaching hatch, 
basal and maximal ACTH-( 1 -24) (ACTH)-induced corticosteroid production increased steadily 
and peaked around 1 day posthatch (5-18 times and 3-9 times, respectively, the production 
values at 1 8 days embryonic life). Thereafter, corticosteroid production values decreased steadily 
to 3 weeks posthatch. Corticosterone predominated over the ages studied: Maximal ACTH-induced 
corticosterone production averaged 52 and 1 15 times the production values of aldosterone and 
cortisol, respectively. In addition, maximal ACTH-induced aldosterone production was roughly 
2.2 times greater than cortisol production over the ages studied except for a short-lived, dispro- 
portionately greater aldosterone production at 1 day posthatch. In addition to perihatch and age- 
related differences in cellular corticosteroid production, there were also differences in cellular 
sensitivity to steroidogenic agents as indicated by the differences in half-maximal steroidogenic 
concentration values (EDSo values) of the steroidogenic agents. Sensitivity to ACTH increased 
2.7 times from Day 18 of embryonic life to 1 day posthatch and then decreased steadily to 3 
weeks posthatch. In addition, sensitivity to 8-bromo-CAMP (8-Br-CAMP) increased abruptly at 1 
day posthatch (nearly 3 times) but then remained constant thereafter. However, a consistent 
change in cellular sensitivity to 25-hydroxycholestero1 was not observed until 3 weeks posthatch 
(an increase in sensitivity of 3 times that at Day 18 of embryonic life). These data of cellular 
sensitivity suggest that there were distinct developmental and maturational alterations in the 
cellular loci at which ACTH, 8-Br-cAMP7 and 25-hydroxycholestero1 acted. Thus, during the 
transition from embryonic to postembryonic life of the domestic fowl, there are alterations in 
adrenocortical cell steroidogenic capacity and in the function of some cellular loci comprising 
the corticosteroidogenic pathway. 0 1987 Society for Experimental Biology and Medicine. 

In several mammalian species, as for ex- 
ample, the rat (1, 2), rabbit (2, 3), guinea pig 
(4), sheep (5 ,6 ) ,  monkey (7), and human (8), 
there is a recrudescence of adrenocortical ac- 
tivity near term. The subsequent increase in 
fetal plasma corticosteroids is a requirement 
for the maturation of many fetal organ systems 
(9) and is instrumental in the initiation of par- 
turition in ruminants (10). Several studies in 
vivo and in vitro indicate that alterations in 

adrenocortical function per se are, in part, re- 
sponsible for the marked increase in fetal 
plasma corticosteroids before birth. Near term 
there is evidence for an increase in adrenal 
response to ACTH (1 I), an increase in adrenal 
sensitivity to ACTH ( 5 , 6 ,  12), and an increase 
in adrenal ACTH receptors (6). Studies in vitro 
using isolated adrenocortical cells have been 
especially important in understanding the 
cellular mechanisms underlying the altera- 
tions in adrenocortical function near term 
(6, 13-15). 

In contrast to what is known about mam- 
malian adrenocortical function during the 
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In the domestic fowl, there is evidence for an 
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19), and an increase in allantoic (20) and 
plasma ( 17, 19-2 1) glucocorticoid concentra- 
tions approaching hatch. However, there is 
little information on the dynamics of adre- 
nocortical function per se during the perihatch 
period (22-24). In addition, prior to this re- 
port, there have been no reports on the char- 
acterization of avian adrenocortical cell func- 
tion during the transition from embryonic to 
postembryonic life. 

Accordingly, in the present study we mea- 
sured the influence of steroidogenic agents on 
enriched adrenocortical cell populations iso- 
lated from domestic fowl during the perihatch 
period. We evaluated some basic parameters 
of adrenocortical function, namely, basal and 
maximally stimulable production of the pre- 
dominant and physiologically important 
chicken corticosteroids, corticosterone, corti- 
sol, and aldosterone, and adrenocortical cell 
sensitivity to steroidogenic agents. We present 
evidence indicating that approaching hatch 
there are marked increases in adrenocortical 
cell steroidogenic capacity, and cellular re- 
sponsiveness and sensitivity to ACTH; after 
hatch these increases in cellular steroidogenic 
capacity and sensitivity to ACTH decline 
gradually. 

Materials and Methods. Animals. Male and 
female White Leghorn domestic fowl were 
used in this study. Males and females were 
pooled in experiments using 18-, 19-, 20-, and 
2 1 -day-old embryonic chicks, whereas sexes 
were kept separate in experiments using 1- 
day-, 1 -week-, and 3-week-old birds. Fertilized 
eggs were collected on separate days and 
maintained at room temperature until a suit- 
able number was achieved. Then eggs were 
incubated simultaneously to provide birds 
having roughly synchronous development and 
time of hatch. Posthatch birds were housed in 
Petersime brood units under a 16-hr light, 8- 
hr dark photocycle and had free access to a 
standard commercial diet, water, and heat. At 
each age, all animals were handled together 
under identical conditions to normalize 
stressing factors. The numbers of birds used 
in each of three experiments for each age were 
40 for each embryonic age, 30 for each sex of 
1 -day-old posthatch birds, and 25 for each sex 
of 1 -week- and 3-week-old posthatch birds. 
These numbers of birds reflect the amount of 

adrenal gland tissue required to yield a suffi- 
cient quantity of cells to test cell responses to 
steroidogenic agents and to achieve equal cell 
concentrations for each age studied. All ani- 
mals were killed by decapitation and exsan- 
guination. The adrenal glands were quickly 
removed, trimmed free of adhering connective 
tissue, and diced into small pieces for cell iso- 
lation. 

Cell isolation and incubation. The standard 
medium for cell isolation and incubation was 
Krebs-Ringer Hepes buffer (24.2 mM Hepes, 
118.5 mM NaC1, 4.75 mM KC1, 2.54 mA4 
CaC12, 1.20 mM KH2P04 1.20 mM MgS04, 
and 1 1.1 mA4 glucose, pH 7.5). 

Adrenocortical cells were isolated and par- 
tially purified as described in detail previously 
(25). In brief, diced adrenal glands were treated 
with the standard medium containing colla- 
genase (0.2%, Type I; Sigma Chemical Co., St. 
Louis, MO) and mechanical agitation until 
tissue fragments were completely dissociated. 
Adrenocortical cells were partially purified by 
using Percoll (Pharmacia Fine Chemicals, 
Piscataway, NJ) continuous density gradient 
(40%) centrifugation. Routinely 8 5-89% pu- 
rity was achieved by this method. 

Enriched adrenocortical cells were sus- 
pended in the standard medium containing 
0.25% BSA (Fraction V; Sigma Chemical Co.). 
Aliquots of cell suspensions of equal cell con- 
centrations were incubated with various con- 
centrations of ACTH-( 1-24) (ACTH) (Cor- 
trosyn, Organon, Inc., West Orange, NJ), 
8-bromo-cyclic AMP (8-Br-CAMP; Sigma 
Chemical Co.) and 25-hydroxycholesterol 
(Steraloids Inc., Wilton, NH). Prior to the ad- 
dition of these agents to the cell suspensions, 
ACTH was dissolved in a solution of 0.9% 
NaCl, pH adjusted to 3.0 with 1 .O NHCl, con- 
taining 0.1% BSA, whereas 8-Br-CAMP and 
25-hydroxycholesterol were made up in the 
incubation medium. Initial dilutions of 25- 
hydroxycholesterol were carried out in abso- 
lute ethanol. However, the final ethanol con- 
centration in the incubation did not exceed 
1 %; this concentration of ethanol did not affect 
corticosteroidogenesis. The incubation vol- 
umes were 200-300 pl(90% of the incubation 
volume was cell suspension, 10% was a solu- 
tion containing a steroidogenic agent). Cells 
plus agents were incubated for 2 hr at 39.5- 
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41.0"C. In each experiment, at least 87% of 
the cells were viable after incubation as indi- 
cated by trypan blue dye exclusion. 

Radioimmunoassay for corticosteroids. Cell 
incubations were assayed directly for the major 
chicken end product corticosteroids, cortico- 
sterone, cortisol, and aldosterone. Corticoste- 
rone, the predominant end product cortico- 
steroid secreted by the domestic fowl adrenal 
gland (1 8, 19, 26), was measured by a modi- 
fication of the radioimmunoassay procedure 
of Roy et al. (27) using specific antibody (Miles 
Research Products, Elkhart, IN). Cortisol and 
aldosterone were measured by using highly 
specific radioimmunoassay kits (antibody- 
coated tubes, 1251-corticosteroids; Diagnostic 
Products, Inc., Los Angeles, CA). Corticoste- 
rone and cortisol crossreactivities in the al- 
dosterone radioimmunoassay were 0.002% 
and below detection, respectively; aldosterone 
and corticosterone cross-reactivities in the 
cortisol radioimmunoassay were 0.0 1 and 
0.4%, respectively. Radioimmunoassay of al- 
iquots of the same pooled cell incubations 
showed intraassay and interassay variances of 
7.6 and 10.7%, respectively. 

Analysis of data. The responses of isolated 
adrenocortical cells from birds of various ages 
were determined. The average within- and be- 
tween-experiment variances of cell incubations 
(calculated from basal corticosteroid values 
after 2 hr of incubation) were 1 1.3 and 17.5%, 
respectively. Data comprising the sigmoidal 
dose-response curves shown in this report 
were analyzed using a four-parameter logistic 
equation model (28) that is available as a 
computer program (ALLFIT, Biomedical 
Computing Technology Information Center, 
Vanderbilt Medical Center, Nashville, TN). 
This program allowed the simultaneous testing 
and statistical analysis of a family of sigmoidal 
dose-response curves. Steroidogenic agent 
ED50 values and maximal corticosteroid pro- 
duction values were calculated and statistically 
analyzed using this program. 

Other data were statistically analyzed by 
analysis of variance (29). Data are expressed 
as the means k SEM; means were deemed sig- 
nificantly different at P 6 0.05. 

Results. Basal corticosteroid production by 
isolated adrenocortical cells from embryonic 
and postembryonic domestic fowl. Regardless 
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FIG. 1. Basal corticosteroid production by isolated ad- 
renocortical cells from embryonic and posthatch domestic 
fowl. Embryonic ages are denoted with the letter e and 
posthatch ages are denoted with the letter p .  Adrenocortical 
cells (2.5 X lo5 cells/ml) were incubated for 2 hr. Adrenal 
glands from male and female embryonic chicks were 
pooled for cell isolation. In addition, data were pooled 
from experiments with cells from male and female post- 
hatch birds. Each symbol represents the mean of corti- 
costeroid values from nine cell incubations (three cell in- 
cubations from each of three experiments). SEM are r e p  
resented by bars when they are larger than the symbols. 

of age, corticosterone was the predominant 
corticosteroid basally produced by isolated 
cells (2.5 X lo5 cells/ml; Fig. 1); on the average, 
basal (2 hr) corticosterone production was 8 
and 48 times greater than basal aldosterone 
and cortisol production, respectively. In ad- 
dition, basal aldosterone production was 
roughly 6 times greater than basal cortisol 
production. However, corticosteroids followed 
similar patterns of basal production over the 
ages studied. There was an abrupt rise in cor- 
ticosteroid production approaching hatch, 
peaking between hatch day and 1 day post- 
hatch (5 -  18 times the basal production values 
at 18 days embryonic life). Thereafter, basal 
corticosterone and aldosterone production 
declined steadily to 3 weeks posthatch, whereas 
basal cortisol production fluctuated. 

Maximal ACTH-induced corticosteroid 
production by isolated adrenocortical cells from 
embryonic and postembryonic domestic fowl. 
As seen with basal corticosteroid production, 
corticosterone was the predominant cortico- 
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FIG. 2. Maximal ACTH-induced corticosteroid pro- 
duction by isolated adrenocortical cells from embryonic 
and posthatch domestic fowl. Embryonic ages are denoted 
with the letter e and posthatch ages are denoted with the 
letter p .  Adrenocortical cells (2.5 X lo5 cells/ml) were in- 
cubated with a maximal steroidogenic concentration of 
ACTH ( 1 X lop9 M )  for 2 hr. Adrenal glands from male 
and female embryonic chicks were pooled for cell isolation. 
In addition, data were pooled from experiments with cells 
from male and female posthatch birds. Each symbol rep- 
resents the mean of corticosteroid values from nine cell 
incubations (three cell incubations from each of three ex- 
periments). SEM are represented by bars when they are 
larger than the symbols. 

steroid produced by isolated cells (2.5 X lo5 
cells/ml) maximally stimulated by ACTH (1 
X M )  for 2 hr (Fig. 2). On the average, 
maximal corticosterone production was 52 
and 115 times greater than maximal aldoste- 
rone and cortisol production, respectively, and 
maximal aldosterone production was roughly 
2.2 times greater than maximal cortisol pro- 
duction. Here again, corticosteroids followed 
similar patterns of maximal production over 
the ages studied. There was an abrupt rise in 
maximal corticosteroid production approach- 
ing hatch, which peaked between hatch day 
and 1 day posthatch (3-9 times the maximal 
production values at 18 days embryonic life). 
Thereafter, maximal corticosteroid production 
declined to 3 weeks posthatch. 

Other differences in maximal corticosteroid 
production with age were apparent when the 
ratios of cortisol to corticosterone and aldo- 
sterone to corticosterone values were exam- 

ined (Fig. 3). Differences in these ratios re- 
mained fairly constant over the ages studied 
with the exception of 1 day posthatch where 
there was a disproportionately greater pro- 
duction of aldosterone compared to cortisol 
(Figs. 2 and 3). 

Response of isolated adrenocortical cells to 
various concentrations of ACTH, &Br-eAMP, 
and 25-hydroxycholesterol. In the aforemen- 
tioned experiments, a high concentration of 
adrenocortical cells (2.5 X lo5 cells/ml) was 
used to achieve sufficient corticosteroid pro- 
duction in order to detect aldosterone and 
cortisol. In addition, male and female adrenal 
glands were pooled for the isolation of adre- 
nocortical cells. In the following experiments 
a lower concentration of adrenocortical cells 
(6.0 X lo4 cells/ml) was used to investigate 
cellular responses to a wide range of concen- 
trations of ACTH, 8-Br-cAMP, and 25-hy- 
droxycholesterol. In these experiments, male 
and female adrenal glands were pooled for 
embryonic (in OVO) ages, whereas adrenal 
glands from the sexes were kept separate for 
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FIG. 3. Maximal ACTH-induced cortisol and aldoste- 
rone production expressed as a ratio of maximal ACTH- 
induced corticosterone production. Embryonic ages are 
denoted with the letter e and posthatch ages are denoted 
with the letter p .  Each symbol represents the mean of quo- 
tient values of the data shown in Fig. 2. SEM are repre- 
sented by bars when they are larger than the symbols. 
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posthatch ages. Corticosterone, the predomi- 
nant corticosteroid produced by adrenocorti- 
cal cells regardless of fowl age, served as the 
indicator of cellular response. The results are 
shown in Figs. 4-6. 

Steroidogenic agents stimulated and sup- 
ported cellular corticosterone production in a 
dose-dependent manner over approximately 
two log orders of concentration, regardless of 
fowl age or sex. To evaluate cellular responses, 
the dose-response curves were analyzed by 
computer (see Materials and Methods). Max- 
imal corticosterone production values and 
steroidogenic agent EDso values were calcu- 
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FIG. 4. ACTH-induced corticosterone production by 
isolated adrenocortical cells from embryonic and posthatch 
domestic fowl. Adrenocortical cells (6.0 X lo4 cells/ml) 
were incubated with various concentrations of ACTH for 
2 hr. Adrenal glands from male and female embryonic 
chicks were pooled for cell isolation, whereas adrenal glands 
from male and female posthatch birds were kept separate 
for cell isolation. Each symbol represents the mean of cor- 
ticosterone values from nine cell incubations (three cell 
incubations from each of three experiments). SEM are 
represented by bars when they are larger than the symbols. 
Only data from experiments with cells from male posthatch 
birds are shown. Similar results were obtained with female 
posthatch bird cells (see Tables I and 11). 
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FIG. 5. 8-Br-CAMP-induced corticosterone production 
by isolated adrenocortical cells from embryonic and post- 
hatch domestic fowl. Adrenocortical cells (6.0 X lo4 cells/ 
ml) were incubated with various concentrations of 8-Br- 
CAMP for 2 hr. Adrenal glands from male and female 
embryonic chicks were pooled for cell isolation, whereas 
adrenal glands from male and female posthatch bird were 
kept separate for cell isolation. Each symbol represents the 
mean of corticosterone values from nine cell incubations 
(three incubations from each of three experiments). SEM 
are represented by bars when they are larger than the sym- 
bols. Only data from experiments with cells from male 
posthatch birds are shown. Similar results were obtained 
with female posthatch bird cells (see Tables I and 11). 

lated (Tables I and 11). The data show clearly 
that maximal corticosterone production 
abruptly peaked by 1 day posthatch and then 
gradually and steadily declined to 3 weeks 
posthatch (Table I). Regardless of steroido- 
genic agent, maximal corticosterone produc- 
tion of cells from 1-day-old posthatch birds 
was roughly 6-1 1 times that of cells from 18- 
day-old embryos. In addition, basal cellular 
corticosterone production followed a pattern 
similar to maximal corticosterone production 
over the ages studied (Table I). These data 
corroborate the data from the previous exper- 
iments in which a high concentration of cells 
(2.5 X lo5 cells/ml) and a fixed, maximally 
steroidogenic concentration of ACTH (1 
X M )  were used (Fig. 2). 
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FIG. 6. Corticosterone production by isolated adreno- 
cortical cells from embryonic and posthatch domestic fowl 
supported with 25-hydroxycholesterol. Adrenocortical cells 
(6.0 X lo4 cells/ml) were incubated with various concen- 
trations of 25-hydroxycholesterol for 2 hr. Adrenal glands 
from male and female embryonic chicks were pooled for 
cell isolation, whereas adrenal glands from male and female 
posthatch birds were kept separate for cell isolation. Each 
symbol represents the mean of corticosterone values from 
nine cell incubations (three incubations from each of three 
experiments). SEM are represented by bars when they are 
larger than the symbols. Only data from experiments with 
cells from male posthatch birds are shown. Similar results 
were obtained with female posthatch birds cells (see Tables 
I and 11). 

Other data suggest that cellular sensitivity 
to steroidogenic agents changed over the ages 
studied. This is evident from the changes in 
the ED50 values for steroidogenic agents (the 
lower the ED50 value the greater the cellular 
sensitivity (30); Table 11). An index of cellular 
sensitivity can be obtained by calculating the 
reciprocal of the ratio of a steroidogenic agent 
ED50 value for cells from birds of any age to 
the EDs0 value for cells from 18-day-old em- 
bryos. For example, ACTH ED50 values de- 
creased abruptly to a minimal value at 1 day 
posthatch; thus, the sensitivity of cells from 1 - 
day-old posthatch birds to ACTH was 2.7 
times that of cells from 18-day-old embryos. 
Thereafter, sensitivity to ACTH declined such 

that the sensitivity of cells from 3-week-old 
posthatch fowl was the same as that of cells 
from 18-day-old embryos. There were also dif- 
ferences in cellular sensitivity to 8-Br-CAMP 
and 25-hydroxycholesterol over the ages stud- 
ied. However, the changes in cellular sensitiv- 
ity to these agents were distinct from those to 
ACTH: Cellular sensitivity to 8-Br-CAMP in- 
creased nearly 3 times by 1 day posthatch, but 
then remained constant through 3 weeks post- 
hatch, whereas a consistent increase (3.2 times) 
in cellular sensitivity to 25-hydroxycholesterol 
was not apparent until 3 weeks posthatch. 

Discussion. The present study suggests that 
the steroidogenic capacity of domestic fowl 
adrenocortical cells changed with the transi- 
tion from embryonic to postembryonic life. 
On an equal cell concentration basis, ap- 
proaching hatch day there was a rapid increase 
in basal and maximal ACTH-stimulable cor- 
ticosteroid production. Thereafter (with the 
exception of basal cortisol production), there 
was a gradual decline in corticosteroid pro- 
duction to 3 weeks posthatch (Figs. 1 and 2). 
Our data are consistent with reports of an in- 
crease in adrenal glucocorticoid content ( 16- 
19) and increases in allantoic (20) and plasma 
( 17, 19-2 1) glucocorticoid concentrations ap- 
proaching hatch, and the subsequent decline 
in plasma glucocorticoid concentrations after 
hatch ( 18, 19, 2 1,22, 3 1). Moreover, our data 
indicate that changes in adrenocortical cell 
function per se, in part, are responsible for 
these alterations in corticosteroid parameters 
with domestic fowl development and post- 
hatch maturation. 

The differences in steroidogenic capacity 
over the ages studied appear to be due to dif- 
ferences in the amount of active steroidogenic 
enzymes within the cells. At each age studied, 
maximal corticosterone production values of 
cells supported by the precursor, 25-hydroxy- 
cholesterol, and of cells stimulated by ACTH 
and 8-Br-CAMP were similar (Figs. 4-6 and 
Table I). However, whether these changes in 
steroidogenic capacity were due to age-related 
alterations in the recruitment of active ste- 
roidogenic enzymes from an inactive pool or 
due to alterations in de nuvu synthesis and in- 
activation/degradation of enzymes is unclear. 
An equally plausible explanation is the diver- 
sion of the steroidogenic pathway from the 
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TABLE I. BASAL AND MAXIMAL CORTICOSTERONE PRODUCTION (ng/ml) BY EMBRYONIC AND POSTHATCH 
DOMESTIC FOWL ADRENOCORTICAL CELLS 

Source of cells Basal ACTH 8-Br-CAMP 25-hydroxycholesterol 

18-day-old embryo (8 + 0) 
19-day-old embryo (8  + 0) 
1-day-old posthatch (8) 
1 -day-old posthatch (0) 
1-week-old posthatch ( 8 )  
1-week-old posthatch (0) 
3-week-old posthatch (8 )  
3-week-old posthatch (0) 

0.13 f 0.02 
0.52 f 0.01 " 
3.27 f 0.22" 
3.62 f 0.33" 
2.83 f 0.12" 
1.96 f 0.08 n,b 
1.15 f0.05".b 
0.85 f 0.02"9b 

9.10 f 0.89 
26.97 f 0.59" 
77.21 f 0.42" 
49.55 f 0.43" 
50.76 f 0.45 a*b  

41.59 f 0.54"*b 
37.39 f 0.6 1 " v b  

32.05 f 0.58".b 

9.21 f 1.36 
27.30 k 0.50" 
53.92 f 0.50" 
48.1 1 f 0.35" 
43.50 f 0.35"*b 
44.26 f 0.33",b 
27.30 f 0.40"*b 
27.27 f 0 .32"~~  

7.02 k 1.22 
18.76 f 1.13" 
58.62 k 1.27" 
61.08 f0.53" 
46.09 k 0 . 9 3 " ~ ~  
48.42 f 0 . 7 6 " ~ ~  
3 1.72 f 2 .04"~~  
33.50 f 0 . 6 2 " ~ ~  

Note. Domestic fowl adrenocortical cells (6.0 X lo4 cells/ml) were incubated with or without various concentrations 
of ACTH or 8-Br-CAMP or 25-hydroxycholestero1 for 2 hr. The dose-response data (Figs. 4-6) were statistically 
analyzed using the ALLFIT computer program (see Materials and Methods). Each value is the calculated mean f SEM 
(ALLFIT) from the data of three experiments. 

" Significantly different from value for 18-day-old embryo ( P  < 0.05). 
Significantly different from value for 1-day-old posthatch of corresponding sex ( P  < 0.05). 

production of undetected steroids to the pro- 
duction of detectable physiologically impor- 
tant corticosteroids, corticosterone, cortisol, 
and aldosterone. Indeed, Gonzalez et al. (23) 
have demonstrated that adrenal 5P-reductase 
greatly competes with enzymes of the corti- 
costerone pathway for progesterone and that 
this competition decreases precipitously from 
Day 17 of embryonic life to hatch. 

Other work suggests that adrenal cortisol 
secretion declines to undetectable levels during 
the transition from embryonic to postembry- 
onic life (18, 22, 32). The present study does 
not support the previous work of others. Basal 

and maximal ACTH-induced cortisol pro- 
duction (Figs. 1 and 2) and the ratio of cortisol 
to corticosterone (Fig. 3) persisted to 3 weeks 
posthatch. Our results with isolated adreno- 
cortical cells are consistent with reports of a 
rapid increase in corticosterone and cortisol 
concentrations in the domestic fowl (19) and 
duck adrenal (33) approaching hatch and the 
gradual decline in the concentrations of these 
corticosteroids after hatch (19, 33) but with 
the persistence of cortisol. Discrepancies be- 
tween our work and the work of others (1 8, 
22, 32) may be due to the fact that we used 
freshly isolated, intact adrenocortical cells in- 

TABLE 11. HALF-MAXIMAL STEROIMX~ENIC CONCENTRATION (EDSo) OF STEROIDOGENIC AGENT 

Source of cells 
ACTH 8-Br-CAMP 25-hydroxycholestero1 

(x10-12 M )  (X 10-5 M )  (X M )  

18-day-old embryo (8 + 0) 
19-day-old embryo (8 + 0) 
1-day-old posthatch (8 )  
1 -day-old posthatch ( 0 )  
1 -week-old posthatch (8 )  
1 -week-old posthatch ( a )  
3-week-old posthatch (8) 
3-week-old posthatch ( 0 )  

9.56 f 2.1 1 
6.53 f 0.46" 
4.10 f 0.08" 
3.02 f 0.07" 
4.71 k 0 . 1 5 " ~ ~  
6.1 1 f 0 .27"~~  
9.26 f 0.43 

10.89 f 0.49b 

20.77 f 5.50 
17.19 f0.74 
8.30 f 0.13" 
7.36 f 0.1 1 " 
9.7 1 f 0. 14a,b 
8.91 f0.12".b 

10.16 f 0.3OaSb 
7.18 f0.15"'b 

2.56 f 1.16 
3.78 f 0.49 
3.25 k 0.21 
1.73 f 0.06 
2.72 k 0.17 
1.12 f0.04",b 
0.84 f 0 .12"~~  
0.78 f 0.04",b 

Note. Domestic fowl adrenocortical cells (6.0 X lo4 cells/ml) were incubated with or without various concentrations 
of ACTH or 8-Br-CAMP or 25-hydroxycholestero1 for 2 hr. The dose-response curves (Figs. 4-6) were statistically 
analyzed using the ALLFIT computer program (see Materials and Methods). Each value is the calculated mean f SEM 
(ALLFIT) from the data of three experiments. 

" Significantly different from value for 18-day-old embryo ( P  < 0.05). 
Significantly different from value for 1-day-old posthatch of corresponding sex (P 6 0.05). 
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cubated briefly, whereas other investigators 
conducted studies in vivo (32) or in vitro using 
adrenal gland homogenates (18, 22). More- 
over, even homogenates of adrenal glands 
from embryonic, immature, and mature do- 
mestic fowl produced cortisol when 17a-hy- 
droxyprogesterone was used as a substrate (22), 
thus indicating that the potential to produce 
cortisol is present in the domestic fowl adrenal 
gland regardless of age. 

Results of other work in vivo and in vitro 
(16, 18, 19, 21, 22, 32, 34) are equivocal in 
regard to the predominant glucocorticoid pro- 
duced by the adrenal gland of the embryonic 
and posthatch domestic fowl. In the present 
study with isolated adrenocortical cells, cor- 
ticosterone predominated over cortisol at the 
embryonic and postembryonic ages studied 
(Figs. 1 and 2). Our results with isolated ad- 
renocortical cells are consistent with the results 
of work with adrenal tissue reported by Tanabe 
and co-workers ( 18, 19, 33). Furthermore, we 
show that aldosterone predominated over 
cortisol, thus indicating the predominance of 
the 2 1-hydroxylase pathway over the 17a-hy- 
droxylase pathway. In addition, compared 
with maximal ACTH-induced cortisol pro- 
duction, there was a disproportionate increase 
in maximal ACTH-induced aldosterone pro- 
duction at 1 day posthatch (Figs. 2 and 3), 
thus suggesting an inexplicable short-lived in- 
crease in cellular 1 8-hydroxylase activity at 
that age. 

Reports from studies in vivo, in which 
plasma corticosterone response to stress and 
exogenous ACTH were measured, suggest that 
there is a stress nonresponsive period in do- 
mestic fowl after hatch (24, 35, 36) and that 
this, in part, is due to a loss of adrenal re- 
sponsivity to ACTH (24). For example, earlier 
in vivo work of Freeman and Flack (24) sug- 
gests that the adrenal gland of the 1-day-old 
chick is less responsive and less sensitive to 
ACTH than that of the 3-week-old bird. In 
contrast, our results suggest that the stress 
nonresponsive period in the domestic fowl is 
not due to a decrease in adrenocortical func- 
tion per se: Cells from 1-day-old chicks had 
the greatest basal and maximal corticosterone 
production (Table I) and the greatest sensitiv- 
ity to ACTH (as indicated by the lowest EDs0 
value; Table 11) compared to cells from em- 

bryonic chicks and from older posthatch 
chickens. Furthermore, the recent work of 
Freeman and Manning (36) suggests that the 
stress nonresponsive period of the domestic 
fowl is due largely to a temporary inhibition 
of hypothalamic function. 

There were also changes in cellular sensi- 
tivity to 8-Br-CAMP and 25-hydroxycholes- 
terol, but they were distinct from those for 
ACTH in that they occurred at later ages and 
then remained constant. In support of the 
present study, previous work indicates that af- 
ter 3 weeks of age, cellular sensitivity to ACTH 
continues to decline to sexual maturation, 
whereas cellular sensitivities to 8-Br-CAMP 
and pregnenolone remain constant (25). We 
hypothesize that the early transient increase 
in cellular sensitivity to ACTH (possibly in- 
cluding ACTH receptors) induced subsequent 
persistent increases in the sensitivities of in- 
tracellular loci (proteins, enzymes, etc.), to 
second messengers (e.g., CAMP), and to ste- 
roidogenic precursors (e.g., cholesterol and 
pregnenolone). However, we found perplexing 
the finding of persistent increases in cellular 
sensitivity to 8-Br-CAMP and 25-hydroxycho- 
lesterol in the presence of a continual age-re- 
lated decline in cellular sensitivity to ACTH. 
Perhaps, as originally proposed by Frankel et 
al. (37), factors other than ACTH play an in- 
creasingly important role in stimulating cor- 
ticosteroidogenesis during the posthatch life 
of domestic fowl. In support of this notion, 
previous work with domestic fowl indicates 
that adrenocortical cell steroidogenic capacity 
and sensitivity to ACTH are only partially re- 
duced at as long as 24 days after hypophysec- 
tomy (38). 

Results of the present work with adreno- 
cortical cells from embryonic and postembry- 
onic domestic fowl are consistent with the re- 
sults of other work in vitro with mammalian 
adrenal tissue (3) and isolated adrenocortical 
cells (6, 13-15). Our work and the work of 
others suggest that increases in adrenocortical/ 
neonatal life may be of general occurrence 
among the vertebrates. Therefore, further work 
with the embryonic and posthatch domestic 
fowl might be of value for the general under- 
standing of adrenocortical development at the 
cellular level. In addition studies with domestic 
fowl may have an advantage over studies with 



444 DEVELOPMENT AND FOWL ADRENOCORTICAL CELLS 

mammals since studies in ovo are not encum- 
bered with maternal and other interfering fac- 
tors that are present in studies using mam- 
malian in utero models. 

We thank Ms. C. J. Uckele for the preparation of this 
manuscript. 
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