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Abstract. The effect of orchiectomy and androgen replacement on cockerel adrenocortical func-
tion was investigated. Orchiectomized cockerels (2 weeks old) were implanted with Silastic tubing
containing various amounts of one of the following steroids: cholesterol, testosterone (T), andro-
stenedione (A,), and 5a-dihydrotestosterone (DHT). Birds were administered additional implants,
containing doses of steroids equivalent to those of the initial implants, at 4 and 8 weeks of treatment
(i.e., 6 and 10 weeks of age). Sham-operated cockerels administered empty implants served as
intact controls for comparison of data. Animals were killed after 10 weeks of treatment (12 weeks
old). Trunk plasma corticosterone (B) and plasma T, and B production by collagenase-isolated
adrenocortical cells incubated briefly (2 hr) with or without steroidogenic agents were measured
by radioimmunoassay. Orchiectomy with implantation of the inert sterol, cholesterol (hereafter
referred to as orchiectomy), did not alter plasma B concentrations and did not affect basal cellular
B production or cellular B production induced by a maximal steroidogenic concentration of
ACTH or that maximally supported by 25-hydroxycholesterol. However, orchiectomy did lower
maximal 8-bromo-cyclic AMP-induced B production by 30%. Low-implant doses of A4 (1-cm
implant) and T (0.3-cm implant), that maintained comb growth, lowered plasma B concentrations
by 24-42%, whereas a high-implant dose of T (3-cm implant) and all implant doses of DHT had
no effect on plasma B concentrations. Thus, androgen replacement had different effects on plasma
B depending on the type of androgen and the implant dose. In contrast, androgen replacement
consistently suppressed basal and maximal ACTH-induced cellular B production regardless of
the type of androgen. Furthermore, the degree of suppression was dose-dependent. These results
suggest that the differential effect of androgen replacement on plasma B concentrations was due
to differences in the clearance of circulating B and/or differences in blood volume. In addition,
the present study suggests that in the absence of the testes, androgens are suppressants of adre-

nocortical cell function in the domestic fowl.

© 1987 Society for Experimental Biology and Medicine.

Studies with the orchiectomized rat suggest
that testicular androgens play a role in the reg-
ulation of mammalian adrenocortical func-
tion. For example, studies iz vitro have shown
that orchiectomy results in an increase in ad-
renal pregnenolone synthesis, whereas testos-
terone (T) replacement restores pregnenolone
synthesis to normal values (1). In addition,
other work in vivo and in vitro has shown that
orchiectomy reduces adrenal corticosterone
(B) secretion rates (2, 3) and B production by
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adrenal slices and homogenates (1, 4-6),
whereas these effects of orchiectomy are re-
versed with T replacement (1, 3). Furthermore,
studies have demonstrated that the effects of
orchiectomy and T on adrenal function are
mediated by their opposite actions on adrenal
Sa-reductase, an enzyme that degrades B to
5a-reduced metabolites (1, 7).

In contrast to these reports of mammalian
adrenocortical function, little information is
available on the role of the testis and androgens
in the regulation of avian adrenocortical func-
tion. Earlier work in vivo has shown that or-
chiectomy can either increase (cortical hyper-
trophy) or decrease relative adrenal weight de-
pending on domestic fowl strain, age of
orchiectomy, and duration of the orchiectom-
ized state. In addition, in the case of cortical
hypertrophy after orchiectomy, histological
examination suggested an increase in cortical
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function (8). In support of the earlier work, a
more recent study has shown that orchiectomy
increases the stress-induced release of B in the
adrenal vein effluent. Furthermore, T replace-
ment prevented this effect of orchiectomy and
in vitro suppressed B production by adrenal
tissue from intact cockerels (9).

Although previous studies suggest that or-
chiectomy increases and T suppresses adre-
nocortical function in the domestic fowl, there
have been no reports on the role of the testis
and androgens in the regulation of fowl ad-
renocortical cell function per se. Accordingly,
in the present study we evaluate the influence
of orchiectomy and androgen replacement on
domestic fowl adrenocortical function at the
cellular level by measuring the B response of
isolated domestic fowl adrenocortical cells in-
cubated briefly with steroidogenic agents.

Materials and Methods. Animals. White
Leghorn cockerels (2 weeks old) were orchiec-
tomized or sham operated according to pro-
cedures described elsewhere (10, 11). Orchiec-
tomized cockerels were implanted with Silastic
tubing (1.57 mm id., 3.80 mm o.d.; Dow
Corning) (sc, flank region) of various lengths
(0.3, 1, and 3 cm) containing various amounts
of one of the following crystalline steroids:
cholesterol, testosterone, Sa-dihydrotestoster-
one (DHT), and androstenedione (A4). Im-
plants were packed manually with crystalline
steroids and the ends were plugged with sili-
cone. The amounts of steroid contained in the
implants were as follows (means = SEM of 20
randomly chosen implants, 5 for each steroid):
2.6 £0.2 mg (0.3 cm), 8.9 + 0.4 mg (1.0 cm),
and 29.2 + 0.7 mg (3.0 cm). Cockerels received
additional implants, containing doses of ste-
roids equivalent to those of the initial implants,
at 4 and 8 weeks of treatment (6 weeks and
10 weeks of age) to ensure adequate androgen
replacement with increasing growth. Sham-
operated cockerels receiving empty implants
served as intact controls for comparisons of
data. Orchiectomized cockerels receiving im-
plants containing the inert sterol, cholesterol
(hereafter referred to as orchiectomy), served
as controls for steroid replacement. Birds were
housed randomly in Petersime brood units
under a 12-hr light:12-hr dark photocycle in
a temperature and humidity controlled room
and had free access to food and water. At 12
weeks of age (10 weeks of treatment), birds
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from the different treatment groups were col-
lected together in plastic carrying crates,
transported to a surgery room, and then
quickly killed at random by decapitation and
exsanguination. Trunk blood was collected in
chilled heparinized plastic culture tubes and
quickly centrifuged (1000g, 15 min, 4°C) to
prepare plasma. Adrenal glands and livers were
quickly removed, trimmed free of adhering
connective tissue, and weighed. Adrenal glands
were then immediately immersed in cold
Krebs-Ringer Hepes (N-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) buffer (24.2
mM Hepes, 118.5 mAM NaCl, 4.75 mM KCl,
2.54 mM CaCl,, 1.20 mAM KH,PO,, 1.20 mM
MgSO,, pH 7.5) containing 11.1 mAM glucose
(KRHG) until processing for the isolation of
adrenocortical cells. KRHG was the basic me-
dium for cell isolation and incubation.

Adrenocortical cell isolation and incubation.
Adrenal glands were diced into small pieces
(about 2 mm?) for cell isolation. In each ex-
periment eight cockerels from each treatment
group were used to provide sufficient adrenal
tissue for the desired cell concentration. The
yield of cells per adrenal was not different
among the groups (approximately 630,000
cells/adrenal).

Enriched adrenocortical cell populations
were prepared essentially as described in detail
previously (12, 13) using collagenase (0.2%)
(Type 1, Sigma Chemical Co.) and mechanical
agitation followed by Percoll (Pharmacia Fine
Chemicals) continuous density gradient cen-
trifugation in order to separate adrenocortical
cells from cell debris and other adrenal cell
types. For each treatment group, light mi-
croscopy was used to establish the paucity of
medullary cells and that 85-93% of the cell
populations were comprised of adrenocortical
cells, as determined by the presence of lipid
droplets. Recent work (14) using electron mi-
croscopy has confirmed the light microscopic
identification of adrenocortical cells. Adre-
nocortical cells were suspended in KRHG
containing 0.25% bovine serum albumin and
diluted to a final cell concentration of 1 X 10°
cells/ml. Aliquots of cell suspensions were in-
cubated with various concentrations of ACTH
[ACTH-(1-24), Cortrosyn; Organon, Inc.], 8-
bromo-cyclic AMP (8-Br-cAMP) (Sigma
Chemical Co.) and 25-hydroxycholesterol
(Steraloids, Inc.) at 39.5-41.0°C for 2 hr. The
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incubation volumes were 200-500 ul (90% of
the incubation volume was cell suspension;
10% of the incubation volume was a solution
containing a steroidogenic agent). Prior to the
addition of these agents to cell suspensions,
ACTH was dissolved in a solution of 0.9%
NaCl, pH adjusted to 3.0 with 1.0 NHCI, con-
taining 0.1% bovine serum albumin, whereas
8-Br-cAMP and 25-hydroxycholesterol were
made up in the incubation medium. Initial
dilutions of 25-hydroxycholesterol were car-
ried out in absolute ethanol. However, the final
maximal concentration of ethanol (1%) did
not affect corticosteroidogenesis. In each ex-
periment at least 92% of the cells were viable
as indicated by trypan blue dye exclusion (15).

Radioimmunoassay for B and T. Aliquots
of plasma (200 ul) were extracted with dichlo-
romethane (1 vol plasma:10 vol dichloro-
methane) and then the vacuum-dried residue
from the extract was processed for radioim-
munoassay for B. Recoveries were routinely
82%. Cell suspensions were assayed directly
for B. B, the major glucocorticoid secreted by
the domestic fowl adrenal gland (16), was
measured by a modification of the radioim-
munoassay procedure of Roy et al. (17) using
specific antibody (Miles Research Products).
As little as 0.1 ng B/ml could be detected. Ra-
dioimmunoassay of aliquots of the same
pooled plasma samples or cell suspensions
(performed with each radioimmunoassay)
showed intraassay and interassay coefficients
of variation of 6.3 and 10.1%, respectively.
Plasma T was measured directly using a highly
specific radioimmunoassay kit (antibody-
coated tubes, '’I-T) (Diagnostic Products
Inc.). Aslittle as 15 pg T/ml could be detected.

Analysis of data. The data of the responses
of isolated adrenocortical cells to steroidogenic
agents were analyzed using a four-parameter
logistic equation model that is available as a
computer program (ALLFIT, Biomedical
Computing Technology Information Center,
Vanderbilt Medical Center, Nashville, TN).
This method allowed the simultaneous testing
of a family of dose-response curves (18). Val-
ues for half-maximal steroidogenic concen-
trations (EDsy) and maximal production val-
ues were calculated and statistically analyzed
using this program.

Other data (adrenal gland weights, plasma
B values, etc.) were statistically analyzed by
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analysis of variance (19). Data are expressed
as means + SEM; means were deemed signif-
icantly different at P < 0.05.

Results. Effect of orchiectomy and androgen
replacement on adrenal growth. In the work
reported here, data of the various orchiectom-
ized treatment groups are compared to the
data of sham-operated (intact) cockerels re-
ceiving empty implants. In addition, orchiec-
tomized cockerels receiving implants contain-
ing the inert sterol, cholesterol, are referred to
as orchiectomy.

Table I shows the effect of orchiectomy and
a fixed level of androgen replacement (1-cm
implants) on body weight, adrenal and liver
weights, and relative adrenal and liver weights
(weights expressed as mg/100 g body wt and
2/100 g body wt, respectively). Although or-
chiectomy did not affect body and liver weights
and relative liver weight, it slightly decreased
adrenal weight and relative adrenal weight by
11.0 and 8.7%, respectively. T replacement,
sufficient to maintain comb growth almost to
the value of intact cockerels (Table II), main-
tained adrenal weight and relative adrenal
weight in orchiectomized birds. However, T
replacement did not affect body weight, liver
weight, and relative liver weight. In contrast
to the effects of T replacement, DHT replace-
ment, which induced a 23% greater comb
growth than that of the sham-operated, intact
group (Table II), decreased adrenal weight by
18.5% which was 8.4% lower than the decrease
resulting from orchiectomy. However, DHT
replacement decreased body weight by 19.6%;
thus, relative adrenal weight was maintained
by DHT. In contrast, DHT did decrease liver
weight and relative liver weight by 27.2 and
10.3%, respectively.

Effects of orchiectomy and androgen re-
placement on plasma B concentrations. Or-
chiectomy had no affect on plasma B concen-
trations (Table II). T replacement, which par-
tially maintained plasma T concentrations and
partially maintained comb growth, decreased
plasma B values by 42.4%. However DHT re-
placement, which had a greater androgenic ef-
fect than T replacement in terms of comb
growth, had not effect on plasma B concen-
trations when compared to the sham-operated
group; however, it did raise plasma B to a level
that was significantly greater than that due to
orchiectomy.
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TABLE I. EFFECTS OF ORCHIECTOMY AND ANDROGEN REPLACEMENT ON BODY WEIGHT, ADRENAL WEIGHT,
RELATIVE ADRENAL WEIGHT, LIVER WEIGHT, AND RELATIVE LIVER WEIGHT OF DOMESTIC FOWL

Relative Relative
Body weight  Adrenal weight adrenal weight Liver weight liver weight

Treatment N¢ (2)° (mg)® (mg/100 g body wt)® ©)° (g/100 g body wt)?
Sham-operated,

empty

implants 30 1030.8+18.7 110.5+3.17 10.73 £0.26¢ 21.1£0.5 2.04 £0.03
Orchiectomized,

implanted
Cholesterol 22 10049+214 98.3+3.2¢ 9.79 £0.26¢ 20.5+04 2.05+0.04
Testosterone 26 1003.9+21.3 106.0+3.4 10.56 £0.27 21.0+0.6 2.09 £0.04
Sa-Dihydro-

testosterone 18 828.6+30.5¢  90.0+3.5%¢ 11.02+0.45 15.3+1.04¢ 1.83 +0.08%¢

Note. Cockerels (2 weeks old) were implanted with Silastic tubing (1 cm) containing nothing (sham operated) or
crystalline steroids (orchiectomized). Cockerels were administered additional 1-cm implants at 4 and 8 weeks of treatment
and then were killed at 12 weeks of age (total treatment period of 10 weeks).

“ Values of N for treatments of orchiectomized birds were different due to the exclusion of operated birds having
testis remnants.

% Values are the means = SEM.

¢ Values significantly different from values for sham-operated birds administered empty implants (P < 0.05).

4 Values significantly different from values for orchiectomized birds implanted with cholesterol (P < 0.05).

Effect of orchiectomy and androgen replace-
ment on the response of isolated adrenocortical
cells to steroidogenic agents. The preceding
results suggest that some aspects of orchiec-
tomy and androgen replacement affected ad-
renocortical function. To learn if adrenocor-
tical function per se was affected, we measured
the influence of the treatments in vivo on B
production by isolated adrenocortical cells.

Regardless of treatments in vivo, steroidogenic
agents stimulated cellular B production in a
dose-dependent manner over approximately
two log orders of concentration (Fig. 1). How-
ever, the data of Fig. 1 indicate that the re-
sponses of cells isolated from the various
treatment groups were different. In order to
quantitate the effects of the various treatments
on cell function, the data of Fig. 1 were sta-

TABLE II. EFFECTS OF ORCHIECTOMY AND ANDROGEN REPLACEMENT ON COMB GROWTH AND PLASMA
CONCENTRATIONS OF TESTOSTERONE AND CORTICOSTERONE OF DOMESTIC FOWL

Approximate Plasma Plasma
comb area® testosterone corticosterone
Treatment N (cm?)¢ (ng/ml)© (ng/ml)¢
Sham-operated, empty implants 30 29.5+1.6¢ 0.86 £0.13¢ 2.73x0.33
Orchiectomized, implanted
Cholesterol 22 3.2+0.2¢ 0.13 +0.04¢ 2.28+0.38
Testosterone 26 24.4 +0.9%¢ 0.39 +0.04%¢ 1.58 £0.18%¢
Sa-Dihydrotestosterone 18 36.4 +1.3%¢ 0.09 +0.03¢ 3.37+£042¢

Note. Cockerels (2 weeks old) were implanted with Silastic tubing (1 cm) containing nothing (sham operated) or
crystalline steroids (orchiectomized). Cockerels were administered additional 1-cm implants at 4 and 8 weeks of treatment
and then were killed at 12 weeks of age (total treatment period of 10 weeks).

4 Values of N for treatments of orchiectomized birds were different due to the exclusion of operated birds having
testis remnants.

® One-half (base) X maximal height of the planar projection of the comb.

¢ Values are the means + SEM.

4 Values significantly different from values for sham-operated birds administered empty implants (P < 0.05).

¢ Values significantly different from values for orchiectomized birds implanted with cholesterol (P < 0.05).
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FIG. 1. Effect of orchiectomy and a fixed dose (1-cm implants) of androgen replacement on corticosterone
production by isolated domestic fowl adrenocortical cells. Cells (1 X 10° celis/ml) were incubated with
various concentrations of ACTH, 8-Br-cAMP, and 25-hydroxycholesterol for 2 hr. Each symbol represents
the mean of corticosterone values from nine cell incubations (three cell incubations from each of three

experiments).

tistically analyzed by computer (see Materials
and Methods), and maximal B production in-
duced by each agent (Table III) and the EDs,
for each agent (Table IV) were calculated.
Orchiectomy did not affect basal cellular B
production. However, both T and DHT re-
placement decreased basal cellular B produc-
tion by 22.8 and 25.2%, respectively (Table
II). Similarly, orchiectomy did not affect
maximal B production induced by ACTH and

that supported by 25-hydroxycholesterol,
whereas orchiectomy did decrease maximal 8-
Br-cAMP-induced B production by 29.6%. T
replacement decreased maximal 8-Br-cAMP-
induced B production to a greater extent than
orchiectomy (cholesterol implanted) (decrease
of 50.9%), whereas DHT replacement did not
alter the suppressive effect of orchiectomy.
However, both T and DHT replacement de-
creased maximal B production induced by

TABLE III. EFFECTS OF ORCHIECTOMY AND ANDROGEN REPLACEMENT ON BASAL AND MAXIMAL
CORTICOSTERONE PRODUCTION BY ISOLATED ADRENOCORTICAL CELLS FROM DOMESTIC FOWL

Source of cells Basal ACTH 8-Br-cAMP 25-Hydroxycholesterol

Sham-operated, empty

implants 1.83+0.04 30.04 +£2.65 23.26 + 1.28% 36.44 +2.15
Orchiectomized,

implanted
Cholesterol 1.85+0.04 3291 +3.05 16.37+1.01¢ 3545+2.62
Testosterone 1.41+0.07%b 20.01 +0.70%® 11.42+0.35%% 30.44 + 1.72%°%
Sa-Dihydrotestosterone 1.37 £0.04%° 23.07 +1.08%% 16.01 £0.72¢ 28.77 +1.30%%

Note. Adrenocortical cells were isolated from the adrenal glands of sham-operated cockerels administered empty
implants (1 cm) and orchiectomized cockerels administered a fixed dose of steroid replacement (1-cm implants). Cells
(1 X 10° cells/ml) were incubated with various concentrations of ACTH, 8-Br-cAMP, and 25-hydroxycholesterol for
2 hr at 39.5-41.0°C. Corticosterone response data (Fig. 1) were statistically analyzed using the ALLFIT computer
program. Values (ng/ml) are the means + SEM from three experiments.

¢ Values significantly different from values for cells from sham-operated birds administered empty implants (P

< 0.05).

b Values significantly different from values for cells from orchiectomized birds implanted with cholesterol (P < 0.05).
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TABLE IV. EFFECTS OF ORCHIECTOMY AND ANDROGEN REPLACEMENT ON THE HALF-MAXIMAL STEROIDOGENIC
CONCENTRATION (EDsy) OF STEROIDOGENIC AGENT WITH ISOLATED
ADRENOCORTICAL CELLS FROM DOMESTIC FOwL

ACTH 8-Br-cAMP 25-Hydroxycholesterol
Source of cells (107" A1) (10°* M) (1077 M)
Sham-operated, empty implants 4.28 +1.30 1.32+0.13 7.32+0.93
Orchiectomized, implanted
Cholesterol 590+ 1.26 1.43+0.13 7.03+0.97
Testosterone 4.38+0.87 1.21 £0.19 8.13+0.93
Sa-Dihydrotestosterone 397+0.92 1.24+0.14 6.44 +0.87

Note. Adrenocortical cells were isolated from the adrenal glands of sham-operated cockerels administered empty
implants (1 cm) and orchiectomized cockerels administered a fixed dose of steroid replacement (1-cm implants). Cells
(1 X 10° cells/ml) were incubated with various concentrations of ACTH, 8-Br-cAMP, and 25-hydroxycholesterol for
2 hr at 39.5-41.0°C. Corticosterone response data (Fig. 1) were statistically analyzed using the ALLFIT computer
program. Values are the means + SEM from three experiments. Corresponding values between the treatment groups

were not significantly different.

ACTH (decreases of 33.3 and 23.2%, respec-
tively) and that supported by 25-hydroxycho-
lesterol (decreases of 16.5 and 21.1%, respec-
tively).

In contrast to the effects of treatments in
vivo on cellular B production, there were no
effects of treatments in vivo on steroidogenic
agent EDs values for cells isolated from the
various fowl groups (Table IV). Since EDs,
values are a measure of cellular sensitivity [the
lower the agent EDs, value the greater the sen-
sitivity of the cellular locus at which the agent
acted (20)], the data suggest that orchiectomy
and androgen replacement did not affect the
binding or interaction of each agent with its
cellular receptor or binding site (e.g., ACTH
receptors, protein kinase, steroidogenic en-
Zymes).

Dose dependency of the effect of androgen
replacement on adrenocortical function. In the
absence of the testis, a fixed dose of androgen
replacement (1-cm implants) suppressed do-
mestic fowl adrenocortical cell function. To
determine the dose dependency of the sup-
pressive effect by androgens, we implanted or-
chiectomized cockerels with various lengths
of androgen-filled Silastic tubing (0.3, 1.0, and
3.0 cm), and after 10 weeks of treatment, trunk
plasma B and T concentrations were measured
(Table V) and the responses of isolated adre-
nocortical cells to ACTH and 25-hydroxycho-
lesterol were evaluated (Fig. 2). Here again,
sham-operated cockerels receiving empty im-
plants served as controls for all comparisons
of data.

Low-replacement doses of T (0.3- and 1.0-
cm implants) decreased plasma B concentra-
tions by 23.4 and 39.8%, respectively. Simi-
larly, a fixed replacement dose of A; (1.0-cm
implant) decreased plasma B values by 24.6%.
However, a high dose of T (3.0-cm implant)
did not affect plasma B concentrations. In
contrast to the bimodal effect of T replacement
doses, all levels of DHT replacement did not
affect plasma B values. These differences in
the effects of androgen replacement did not
appear to be due to androgen availability to
tissues, since plasma T values were either par-
tially or completely maintained. In addition,
comb growth, an index of tissue-accessible an-
drogens, was completely maintained regardless
of type of androgen or androgen replacement
dose (Table V).

In contrast to the equivocal actions of the
androgen replacement doses on plasma B
concentrations, all androgen replacement
doses consistently suppressed cellular basal
and maximal ACTH-induced B production,
and greater replacement doses (1.0- and 3.0-
cm implants) of T and DHT suppressed max-
imal B production supported by 25-hydroxy-
cholesterol (Fig. 2). In addition, the degree of
the suppressive effect of androgen replacement
on basal and maximal ACTH-induced B pro-
duction by isolated adrenocortical cells was
dependent on the dose of androgen replace-
ment in vivo. However, the suppressive effect
was quantitatively different depending on the
agent added to the incubations. The maximal
dose of androgen replacement (T and DHT,
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TABLE V. EFFECTS OF ORCHIECTOMY AND ANDROGEN REPLACEMENT ON COMB GROWTH AND PLASMA
CONCENTRATIONS OF TESTOSTERONE AND CORTICOSTERONE OF DOMESTIC FOWL

Approximate Plasma Plasma
comb area’ testosterone corticosterone
Treatment N® (ecm?)© (ng/ml)¢ (ng/ml)€
Sham-operated, empty implants 15 29.3+1.2¢ 0.83+0.10° 2.64+0.18
Orchiectomized, implanted
Cholesterol (1.0 cm) 15 3.9+0.2¢ 0.23 +0.04¢ 2.95+0.25
Androstenedione (1.0 cm) 14 26.5+1.9¢ 0.73+0.12°¢ 2.13+0.14%¢
Testosterone
(0.3 cm) 14 28.6 +2.5¢ 0.37 +0.04%¢ 2.03 +£0.08%¢
(1.0 cm) 14 33.5+1.34¢ 0.60 = 0.094¢ 1.73+£0.13%¢
(3.0 cm) 14 37.2+1.8%4¢ 1.92+0.18%¢ 2.58+0.21
Sa-Dihydrotestosterone
(0.3 cm) 14 320+ 1.6¢ 0.26 +0.04¢ 2.96 +0.19
(1.0 cm) 14 402 £ 1.6%¢ 0.19 £ 0.09¢ 3.01+£0.31
(3.0 cm) 9 41.9+£2.5%¢ 0.15+0.05¢ 2.89+£0.29

Note. Cockerels (2 weeks old) were implanted with Silastic tubing (1 cm) containing nothing (sham operated) or
crystalline steroids (orchiectomized). Cockerels were administered additional 1-cm implants at 4 and 8 weeks of treatment
and then were killed at 12 weeks of age (total treatment period of 10 weeks).

“ Values of N for treatments of orchiectomized birds were different due to the exclusion of operated birds having

testis remnants.

® One-half (base) X maximal height of the planar projection of the comb.

¢ Values are the means = SEM.

4 Values significantly different from values for sham-operated birds administered empty implants (P < 0.05).
¢ Values significantly different from values for orchiectomized birds implanted with cholesterol (P < 0.05).

3.0 cm) suppressed basal and maximal ACTH-
induced B production by 55.1 and 63.9%, re-
spectively, whereas it suppressed maximal 25-
hydroxycholesterol-supported B production
by 31.1%.

Discussion. The present study indicates that
in the absence of the testes, androgen replace-
ment suppressed domestic fowl adrenocortical
cell function. T replacement suppressed basal
and maximal cellular B production stimulated
by ACTH, 8-Br-cAMP, and that supported by
25-hydroxycholesterol (Fig. 1 and Table III),
and the suppression was dependent on the re-
placement dose (Fig. 2). A similar suppressive
effect on adrenocortical cell function occurred
with DHT replacement except that DHT re-
placement did not suppress maximal 8-Br-
cAMP-induced B production to any greater
extent than did orchiectomy. Our results with
1solated cells are in agreement with the results
of earlier work in vivo which demonstrated that
T replacement lowered the concentration of
B in adrenal vein effluent of stressed orchiec-
tomized cockerels (9). In addition, our results
extend the previous work in that they show a
dose dependency of androgen replacement-
induced suppression of domestic fowl adre-

nocortical function. Moreover, our results
demonstrate that androgen replacement sup-
pressed andrenocortical cell function per se.
However, in contrast to the earlier work in
vivo suggesting an enhancement of adreno-
cortical function by orchiectomy (9), our re-
sults suggest that orchiectomy had no effect
on cellular function with the exception of an
inexplicable suppression of maximal 8-Br-
cAMP-induced B production (Fig. 1 and Table
III). This discrepancy between our results and
results of the earlier work may be due to the
fact that the earlier work involved studies in
vivo, whereas we conducted studies on isolated
cells at the same cell concentration for each
treatment group.

Some aspects of how androgen replacement
suppressed domestic fowl adrenocortical cell
function are suggested by the data. Androgen
replacement suppressed basal and maximal B
production (Figs. 1 and 2 and Table III) but
did not affect steroidogenic agent EDs, values
(Table IV). The data suggest that androgen re-
placement decreased the amount of factors
(receptors, binding sites, etc.) operating at the
steroidogenic pathway steps at which each ste-
roidogenic agent acted but did not affect the
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FI1G. 2. Effect of orchiectomy and various doses of an-
drogen replacement on basal and maximal corticosterone
production by isolated domestic fowl adrenocortical cells.
Cells (1 X 10° cells/ml) were incubated with or without
maximal steroidogenic concentrations of ACTH (3.4
X 107° M) and 25-hydroxycholesterol (I X 107° M) for
2 hr. Each column represents the mean of corticosterone
values from nine cell incubations (three cell incubations
from each of three experiments). Treatments: solid col-
umns, sham-operated cockerels administered empty im-
plants (1 cm); open columns, orchiectomized birds ad-
ministered various length implants filled with crystalline
steroids. SEM are represented by bars. (Values for cells
from sham-operated cockerels administered empty im-
plants and for cells from orchiectomized cockerels ad-
ministered cholesterol implants were not significantly dif-
ferent. The * indicates values that are significantly different
from values for cells from sham-operated cockerels ad-
ministered empty implants and from orchiectomized
cockerels administered cholesterol implants; P < 0.05).

interaction of the steroidogenic agents with
these factors. In support of this notion, other
work in vitro has demonstrated a direct
suppression of adrenal protein synthesis by
testosterone (21). However, a noncompetitive
mechanism of suppression of steroidogenic
steps is equally plausible since it would pro-
duce results similar to those presented here,
that is, reduced B production without a change
in steroidogenic agent EDs, values. In addi-
tion, our data (Table III and Fig. 2) suggest
that steps earlier in the steroidogenic pathway
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were affected more than later steps since max-
imal ACTH- and 8-Br-cAMP-induced B pro-
duction were suppressed to a greater degree
than maximal B production supported by the
steroidogenic precursor, 25-hydroxycholes-
terol.

Plasma B concentrations did not always re-
flect the function of isolated adrenocortical
cells. On the one hand, orchiectomy, which
did not alter cellular B production (with the
exception of that maximally stimulated by 8-
Br-cAMP) (Figs. 1 and 2, Tables III and IV),
did not alter plasma B values (Tables II and
V). In addition, T replacement doses (0.3 and
1 cm), which suppressed cellular B production
(Figs. 1 and 2, Table III), decreased plasma B
values (Tables II and V). On the other hand,
a high-replacement dose of T (3 cm) and all
replacement doses of DHT, which suppressed
cellular B production (Fig. 2), had no effect
on plasma B values (Tables II and V). These
inconsistencies between plasma B and cellular
B production values may have been due to the
decreased clearance of circulating B caused by
the high-replacement dose of T and all re-
placement doses of DHT. Indeed, there is ev-
idence for a decreased clearance of B by ad-
ministration of T to rats (22, 23). However, T
does not appear to affect plasma B clearance
in the domestic fowl (9). Another plausible ex-
planation is that the high-replacement doses
of T and DHT caused a sufficient decrease in
body weight and organ weight resulting in a
decreased blood volume and, thus, a subse-
quent increase in plasma B.

In addition to the different metabolic activ-
ities of the various androgens used in this study
(24), it is possible that the different rates of
androgens released into the plasma played a
role in the differential effects of the androgens
on plasma B and cellular B production. Other
work with domestic fowl and similarly con-
structed implants (25) has demonstrated that
T is released at a rate which is 1.4 times that
of DHT. In the present study only plasma T
was measured, and the replacement plasma
concentrations were well within the physio-
logic range of domestic fowl (11, 24). Since
plasma DHT concentrations are 20-50% of
those of plasma T (24, 26), and since DHT is
released more slowly from Silastic implants
than T (25), presumably replacement plasma
DHT concentrations were also within the
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physiologic range. Thus, replacement plasma
concentrations of T and presumably DHT, the
principal physiologic androgens of the do-
mestic fowl (24), were not pharmacologic
concentrations.

Our results with orchiectomized cockerels
can be compared with the results of other work
with orchiectomized rats. In contrast to our
work and the work of others (9) showing no
change or enhanced adrenocortical B produc-
tion with orchiectomy of the domestic fowl,
other work in vivo and in vitro with orchiec-
tomized rats indicates that adrenocortical B
production is suppressed (1-7). In addition,
the present study and earlier work (9) indicate
that androgen replacement suppresses adrenal
B production in the orchiectomized domestic
fowl, whereas it maintains and restores adrenal
B production in the orchiectomized rat (1, 3,
5, 7). Thus, the role of testicular androgens in
the regulation of adrenocortical function may
be considerably different between avian and
mammalian species.

Somewhat puzzling is the fact that orchiec-
tomy is required to demonstrate the different
effects of androgen replacement on adreno-
cortical function in both rats (5) and domestic
fowl (9). Equally puzzling are our results
showing suppression of B production of cells
from orchiectomized birds by replacement
doses of T that maintained plasma T values
at levels that were close to the physiologic lev-
els of intact cockerels (11). We propose that
the domestic fowl testis regulates adrenal B
secretion by secreting factors that affect ad-
renocortical cell function: One of these factors,
T, suppresses cellular function, whereas an-
other factor(s) counteracts T action. Thus, in
the intact bird, the opposing actions of these
testicular substances bring about a fine regu-
lation of adrenal B secretion. With orchiec-
tomy, all testicular substances are removed
and the adrenal is affected little. However, with
orchiectomy and T replacement, the suppres-
sive effect of T is unopposed resulting in a de-
crease in adrenal B production. Although this
notion requires further testing, it is in keeping
with the hypothesis that factors other than pi-
tuitary ACTH may be important regulators of
adrenocortical function in the domestic fowl
(13, 27, 28). Possibly a direct action of T and
other testicular factors on the domestic fowl
adrenocortical cell and an indirect action of
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T through the modulation of ACTH secretion,
as evinced by studies with the orchiectomized
rat (29), bring about a fine regulation of cor-
ticosteroidogenesis in the domestic fowl.

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

1. Malendowicz LK. Sex differences in adrenocortical
structure and function. III. The effects of postpubertal
gonadectomy and gonadal hormone replacement on
adrenal cholesterol sidechain cleavage activity and on
steroids biosynthesis by rat adrenal homogenates. En-
dokrinologie 67:26-35, 1976.

2. Kitay JI, Coyne MD, Swygert NH, Gaines KE. Effects
of gonadal hormones and ACTH on the nature and
rates of secretion of adrenocortical steroids by the rat.
Endocrinology (Baltimore) 89:565-570, 1971.

3. Colby HD, Kitay JI. Effects of gonadal hormones on
adrenocortical secretion of Sa-reduced metabolites of
corticosterone in the rat. Endocrinology (Baltimore)
91:1523-1527, 1972.

4. Troop RC, Possanza GJ. Gonadal influences on the
pituitary-adrenal axis. Arch Biochem 98:444-449,
1962.

5. Kitay JI, Coyne MD, Nelson R, Newsom W. Relation
of the testis to adrenal enzyme activity and adrenal
corticosterone production in the rat. Endocrinology
(Baltimore) 78:1061-1066, 1966.

6. Colby HD, Kitay JI. Effects of postpubertal orchiec-
tomy on adrenal reductase activity and corticosterone
secretion in the rat. Proc Soc Exp Biol Med 140:1-5,
1972.

7. Kitay JI, Coyne MD, Swygert N. Influence of gonad-
ectomy and replacement with estradiol or testosterone
on formation of Sa-reduced metabolites of cortico-
sterone by the adrenal gland of the rat. Endocrinology
(Baltimore) 87:1257-1265, 1970.

8. Jones IC. The Adrenal Cortex. London, Cambridge
Univ Press, pp203-205, 1957.

9. Nagra CL, Sauers AK, Wittmaier HN. Effect of tes-
tosterone, progestagens and metopirone on adrenal
activity in cockerels. Gen Comp Endocrinol 5:69-73,
1965.

10. Quigley GD. Caponizing Chickens. Washington, DC,
U.S. Gov Printing Office, Inst Appl Agr Univ Mary-
land and Animal Husbandry Res Div, Agr Res Serv,
1967.

11. Johnson AL, Rendano VT, Effects of castration, with
or without testosterone replacement, on leg bone in-
tegrity in the domestic fowl. Amer J Vet Res 45:319-
325, 1984.

12. Carsia RV, Scanes CG, Malamed S. Loss of sensitivity
to ACTH of adrenocortical cells isolated from ma-
turing domestic fowl. Proc Soc Exp Biol Med 179:
279-282, 1985.

13. Carsia RV, Weber H, King DB, Scanes CG. Adre-
nocortical cell function in the hypophysectomized



232

15.

20.

21.

22.

domestic fowl: Effects of growth hormone and 3,5,3'-
trilodothyronine replacement. Endocrinology (Balti-
more) 117:928-933, 1985.

. Carsia RV, Scanes CG, Malamed S. Isolated adre-

nocortical cells of the domestic fowl (Gallus domes-
ticus): Steroidogenic and ultrastructural properties. J
Steroid Biochem 22:273-279, 1985.

Liotta A, Krieger DT. A sensitive bioassay for the
determination of human plasma ACTH levels. J Clin
Endocrinol Metab 40:268-277, 1975.

. DeRoos R. Effect of mammalian corticotropin and

progesterone on corticoid production by chicken ad-
renal tissue in vitro. Gen Comp Endocrinol 13:455-
459, 1969.

. Roy K Jr, Garza R, Maroulis G, Abraham GE. Ra-

dioimmunoassay of plasma corticosterone. Anal Lett
7:109-118, 1974.

. De Lean A, Munson PJ, Rodbard D. Stimultaneous

analysis of families of sigmoidal curves: Application
to bioassay, radioligand assay, and physiological dose—
response curves. Amer J Physiol 235:E97-E102, 1978.

. Snedecor GW, Cochran WG. Statistical Methods, 6th

ed. Ames, fowa State Univ Press, pp285-289, 1967.
Sayers G. Bioassay of ACTH using isolated cortex
cells. Ann NY Acad Sci 297:220-241, 1975.
Morrow LB, Burrow GN, Mulrow PF. Inhibition of
adrenal protein synthesis by steroid in vitro. Endo-
crinology (Baltimore) 80:883-888, 1967.

Yates FE, Herbst AL, Urquhart J. Sex difference in

23.

24.

25.

26.

27.

28.

29.

ANDROGENS AND FOWL ADRENOCORTICAL FUNCTION

rate of ring A reduction of A%-3-keto-steroids in vitro
by rat liver. Endocrinology (Baltimore) 63:887-902,
1958.

Kitay JI. Pituitary-adrenal function in the rat after
gonadectomy and gonadal hormone replacement.
Endocrinology (Baltimore) 73:253-260, 1963.
Johnson AL. Reproduction in the male. In: Sturkie
PD, Ed. Avian Physiology. New York: Springer-Ver-
lag, Chap. 19, pp441-445, 1986.

Balthazart J, Hirschberg D. Differential release of var-
ious androgens from silastic implants. Pharmacology
7:123, 1979.

Mashaly MM. Effect of caponization on cell-mediated
immunity of immature cockerels. Poultry Sci 63:369-
372, 1984.

Newcomer WS. Effects of hypophysectomy on some
functional aspects of the adrenal gland of the chicken.
Endocrinology (Baltimore) 65:133-135, 1959.
Frankel Al, Graber JW, Nalbandov AV. Adrenal
function in cockerels. Endocrinology (Baltimore) 80:
1013-1019, 1967.

Coyne MD, Kitay JI. Effect of orchiectomy on pitu-
itary secretion of ACTH. Endocrinology (Baltimore),
89:1024-1028, 1971.

Received September 5, 1986. P.S.E.B.M. 1987, Vol. 185.
Accepted March 9, 1987.



