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Androgen Suppresses Corticotropin-Induced Increase in Plasma Cortisol Level but
Enhances The Increase in Plasma Aldosterone Level in Goats
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ABSTRACT. Previously we reported that androgen treatment reduced the extent of the increase in plasma cortisol (Cor) levels induced by
adrenocorticotropic hormone (ACTH) administration in goats. In this study, we investigated the effect of androgen on the plasma levels
of androstenedione and aldosterone. Four castrated male goats, which were treated with either So-dihydrotestosterone (DHT) or cho-
lesterol (cho), were injected intravenously with 0.005, 0.02 or 0.1 mg of ACTH(1-24). Plasma Cor levels were increased significantly
by all doses of ACTH injection, and these extents were lower in DHT-treated goats. Plasma androstenedione levels were also increased
by ACTH injection, but DHT treatment seemed to little affect. Plasma aldosterone levels were also increased by ACTH injection, and
there were no differences between cho- and DHT treated goats at 15 and 30 min after the ACTH injection. However, when goats were
given the lower doses of ACTH (0.02 and 0.005 mg), plasma aldosterone levels were restored rapidly only in cho-treated goats, whereas
those in DHT-treated goats were maintained throughout the 60 min experimental period. Consequently, plasma aldosterone levels in
DHT-treated goats were higher than those in cho-treated goats at 45 and 60 min. One possible mechanism of the effect of DHT on the
ACTH-induced increase in aldosterone synthesis may be the reduction of the activity of P450-17a, that is the enzyme to convert preg-
nenolone to 170-OH-pregnenolone, and this mechanism may also be responsible to the suppressive effect of DHT on the ACTH-induced

Cor synthesis.
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Our previous works reported that the increase in plasma
cortisol (Cor) levels during road transportation, which can
be a severe stress to domestic animals including goats [3, 12,
14], were significantly reduced by testosterone (T) or 5a.-
dihydrotestosterone (DHT) treatments in castrated male
goats [1, 2]. We further demonstrated that androgen treat-
ment reduced the transportation-induced increase in plasma
Cor levels even when increase in plasma ACTH levels were
not affected [1], and that androgen treatment reduced the
increase in plasma Cor levels induced by adrenocorticotro-
pic hormone (ACTH) administration in goats [13]. This
report indicates that the suppression of transportation-
induced increase in Cor secretion by androgen in goats is
mainly a result of the suppression of the response of the
adrenal cortex to ACTH, although androgen can affect Cor
secretion by acting in the hypothalamus and/or the pituitary
levels in some part [7].

The similar suppressions of the ACTH-induced secretion
of glucocorticoid by androgen were also reported in experi-
mental rodents [16], sheep [19] and cattle [4]. In rats and
mice, the biological mechanisms of the effects of androgen
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on the response of adrenal cortex to ACTH have been inves-
tigated. The expression levels of adrenal ACTH receptor
mRNA is decreased by T treatment in castrated rats [21].
While in mice, T decreased the immunoreactive protein,
mRNA and activity of 3 f-hydroxysteroid dehydrogenase-
isomerase, that is one of the enzymes relates the production
of adrenal steroid, in the adrenal gland [18]. These reports
indicate that androgen may act on the various process of
adrenal steroid production. It is need to examine the mech-
anisms of the suppressive effects of androgen on the caprine
adrenal gland.

Three types of steroid hormones, those are glucocorti-
coids, adrenal androgen and mineralocorticoids, are
secreted from the adrenal cortex. Similar to glucocorticoids,
the secretion of adrenal androgen, such as dehydroepi-
androsterone (DHEA) and androstenedione, are stimulated
by ACTH [9]. Mineralocorticoids, such as aldosterone, play
the significant roles in the regulation of water and sodium
contents in the body [17]. The major stimulating hormone
for aldosterone is angiotensin II, but ACTH also stimulates
its secretion in some degree [5, 11, 15].

It is possible that androgen affect not only the ACTH-
induced secretion of Cor but also adrenal androgen and/or
aldosterone because all steroid hormones are synthesized
from cholesterol through a certain biosynthetic pathway [6].
In rats, similar to corticosterone, ACTH-induced secretion
of aldosterone is also reduced by androgen [8]. However, in
ruminants, the effects of androgen on the secretion of adre-
nal androgen and/or mineralocorticoids are not known. The
mechanisms of the suppressive effect of androgen on
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ACTH-induced secretion of Cor in goats might be inferred
by investigating the effects on other hormones from the
adrenal cortex. In this study, we investigated the effects of
DHT treatment on the ACTH-stimulated secretion of
androstenedione and aldosterone, as well as Cor, in cas-
trated male goats.

MATERIALS AND METHODS

Animals: Four castrated male Shiba goats (25-33 kg, 4-6
years old) were obtained from the experimental station of
the University of Tokyo. They were castrated at least six
months prior to the experiment. Usually, they were housed
in the research farm of the Faculty of Agriculture,
Utsunomiya University. At least seven days prior to the
experiment, the animals were kept in the experimental
room. Animals were loosely tied to individual stanchions
and kept under a constant daylight cycle (light on 7:00—
19:00 hr) and temperature (22-23°C). They were fed daily
with ad libtum lucerne hay and 100 g of pelleted diet (ZC:
Oriental Yeast Co., Ltd., Tokyo, Japan), and water was
always available. The lucerne hay and water were changed
to the new one, and the cage was cleaned every day at 13:00.

Androgen treatment: Administration of androgens was
carried out as described by Aoyama et al. [1, 2]. Each goat
received hormone treatment 9 to 14 days prior to the exper-
iment. Three silicon capsules (made from silicon sheets 70
x 50 mm, 0.5 mm thickness: Tigers Polymer, Osaka, Japan),
containing 0.8 g of Sa-dihydrotestosterone (DHT) (Wako
Pure Chemical Industries, Osaka, Japan), were implanted in
subcutaneous into each animal. Capsules containing choles-
terol (cho) (Wako) were used as a control. One capsules
containing cho were implanted into each animal as a same
manner with DHT. At the end of a series of the ACTH
administration that is described below, the implanted hor-
mone was changed and the procedure was repeated. The
order of the hormone treatments in two goats was cho-DHT
but it was DHT-cho in other two. The interval between hor-
mone treatments was three weeks.

ACTH administration: One or two days before the start of
the experiment, a catheter was fitted to the jugular vein for
blood sampling and intravenous injection of ACTH. On the
day of the experiment, 800 yL of sterile saline containing
0.005, 0.02 or 0.1 mg of ACTH (1-24) (tetracosactide ace-
tate) (Cortrosyn; Daiichi Pharmaceuticals, Tokyo, Japan)
were injected into the jugular vein through the catheter at
16:00 hr. Three ACTH doses that were described above
were challenged to each goat, and the interval among the
injection of each dose was more than three days. The order
of the injected dose was randomised.

Blood sampling: Five mL of blood samples were col-
lected at 15:30, 16:00 (just before the ACTH injection),
16:15, 16:30, 16:45 and 17:00 hr. The plasma samples were
separated by centrifugation (3000 rpm, 4°C, 10 min).

Assays: The concentrations of the adrenal hormones were
measured by radioimmunoassay.

For assays for Cor and androstenedione, these hormones
were extracted from the plasma with the following proce-
dure. Two mL of diethyl ether was added to 500 L of
plasma, and mixed vigorously for 30 sec, and then the
plasma layer was frozen at —80°C. The ether layer was
moved to another tube by decantation and was evaporated
with centrifuge (3,000 rpm) under the vacuum condition.
This procedure was repeated twice. The extracted sub-
stances were reconstituted with 500 4L of 0.01 M phosphate
buffer (pH 7.5) containing 0.14 M NaCl, 0.1% gelatin and
0.1% sodium aside (Gel-PBS). These extracted samples
were stored at —30°C.

For Cor assay, 10 xL of each extracted sample was
adjusted to a total volume of 300 L by Gel-PBS. Then 100
L of antibody against cortisol (FKA-404; Cosmo Bio Co.,
Ltd., Tokyo, Japan) that was diluted (1:5,000) with 0.01 M
phosphate buffer containing 0.14 M NaCl, 0.05 M EDTA
and 0.1% sodium aside (EDTA-PBS), and 100 xL of [3H]-
labeled hydrocortisone (NET-396; Perkin Elmer Inc,
Waltham, MA) that was adjusted to 20,000 dpm per tube
with Gel-PBS, were added to each sample and incubated for
3648 hr at 4°C. After the incubation, 250 xL of dextran-
coated charcoal solution (DCC), that was the 0.01 M phos-
phate buffer containing 0.14 M NaCl, 0.05% dextran (Dext-
ran T-70; Pharmacia Corporation, Peapack, NJ) and 0.5 %
charcoal (Norit sx-3; Wako), was added to per tube and fur-
ther incubated for 20 min at 4°C. Then DCC was separated
by centrifuge (3,000 rpm, 4°C, 15 min), and supernatant was
moved to assay tube and mixed with 2 mL of scintillation
fluid (Clearsol I; Nacalai Tesque, Kyoto, Japan), and then
the radioactivity was measured with a scintillation counter
(LSC-6100; Aloka Co., Ltd., Tokyo, Japan).

For androstenedione assay, 200 x#L of each extracted-
sample was adjusted to a total volume of 300 4L by Gel-
PBS. Then each sample was incubated with 100 xL of anti-
body against androstenedione (FKA-138; Cosmo Bio) (dilu-
tion 1:10,000) and 100 xL of [3H]-labeled androstenedione
(NET-469; Perkin Elmer) (10,000 dpm per tube) for 24 hr at
4°C. After the incubation, the plasma androstenedione level
was measured with the same manner as Cor assay.

Plasma aldosterone levels were measured using a com-
mercially available radioimmunoassay kit (DPC aldosterone
kit; Diagnostic Product Co., Los Angeles, CA). Normal
plasma was used for the aldosterone assay.

Data analysis: In order to examine the effects of ACTH
injection on the plasma levels of each adrenal hormones, the
difference among the sampling points within the same
ACTH dose and the same hormone treatment were com-
pared using repeated measures analysis of variance
(ANOVA) (animals x sampling point) and Tukey’s test.

In order to examine the effects of DHT treatment, the dif-
ferences between cho and DHT treatment within the same
sampling point and the same ACTH dose were compared
with repeated measures ANOVA (animals x hormone treat-
ment).

P values less than 0.05 were considered as significant.
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RESULTS

Cortisol: Regardless of the presence or absence of DHT
treatment, plasma Cor levels were increased by all doses
ACTH injection, and the high levels of plasma Cor were
maintained for 60 min (Fig. 1). Plasma Cor levels between
15 and 60 min point (after ACTH injection) were signifi-
cantly higher than the data at 0 min (just before the ACTH
injection) in all ACTH doses in both treatments. There were
no differences in the basal levels of plasma Cor (at —30 and
0 min point) between cho- and DHT-treated goats, but after
the ACTH injection, those in DHT-treated goats were sig-
nificantly lower than those in cho-treated goats throughout
the 60 min experiment when goats were given 0.1 and 0.02
mg of ACTH (Fig. 1B, C). When goats were given 0.005
mg of ACTH, plasma Cor levels in DHT-treated goats

Plasma Cortisol (ng/mL)
60 -O-Cho
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Time from ACTH injection (min)

Fig. 1. Effects of androgen on the increases in
plasma levels of cortisol induced by different
doses (A: 0.005 mg, B: 0.02 mg, C: 0.1 mg per
animal) of adrenocorticotropic hormone (1-
24) administration in castrated male goats.
Data were represented as the mean = SE of
four goats. Cho: cholesterol, DHT: Sa-dihy-
drotestosterone. #: Significantly different from
the data at 0 min within the same hormone
treatment (P<0.05; repeated measures analysis
of variance and Tukey’s test), *: significantly
different from cho-treated goats at the same
time point (P<0.05; repeated measures analy-
sis of variance).
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tended to be lower than those in cho-treated goats although
it was not statistically significant (Fig. 1A).
Androstenedione: Plasma levels of androstenedione in
DHT-treated goats were higher than those in cho-treated
goats at —30 and 0 min, before the ACTH injection (Fig.2 A,
B, C). The anti-androstenedione antibody used in this study
cross-react with 1.23% of DHT, thus the plasma androstene-
dione level might be overestimated in DHT-treated goats.
Therefore, the averaged value at —30 and 0 min was
regarded as the basal level, and the difference from the basal
level within each test was regarded as the effect of ACTH
(Fig.2 D, E, F). Plasma androstenedione levels between 15
and 60 min point were significantly higher than the data at 0
min excepting in DHT-treated goats given 0.005 mg ACTH,
in which plasma androstenedione levels tended to be
increased by ACTH but it didn’t reach to the statistical sig-
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Effects of androgen on the increases in plasma levels of
androstenedione induced by different doses (A and D: 0.005 mg, B
and E: 0.02 mg, C and F: 0.1 mg per animal) of adrenocorticotropic
hormone (1-24) administration in castrated male goats. Data were
represented as the mean * SE of four goats. Panel A, B and C repre-
sent the original data, and panel D, E and F are represented as the dif-
ference from the basal level (defined as the averaged value of —30
and 0 min point) in each treatment. Cho: cholesterol, DHT: Sa.-dihy-
drotestosterone. #: Significantly different from the data at 0 min
within the same hormone treatment (P<0.05; repeated measures anal-
ysis of variance and Tukey’s test), *: significantly different from cho-
treated goats at the same time point (P<0.05; repeated measures anal-
ysis of variance).
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nificance (Fig. 2D, E, F). Although the plasma androstene-
dione levels in DHT-treated goats given 0.005 mg of ACTH
tended to be lower than those in cho-treated goats, there was
no difference in plasma androstenedione levels between
cho- and DHT-treated goats.

Aldosterone: Plasma aldosterone levels between 15 and
60 min point were significantly higher than the data at 0 min
in all ACTH doses in both treatments (Fig. 3). However, in
cho-treated goats given the lower ACTH doses (0.02 and
0.005 mg), plasma aldosterone levels began to decrease
within 30 min (Fig. 3A, B), and especially in goats given
0.005 mg of ACTH, plasma aldosterone level at 60 min did
not differ from that at 0 min anymore (Fig. 3A). These rapid
restores of plasma aldosterone levels were not seen in DHT-
treated goats. When goats were given 0.02 and 0.005 mg of
ACTH, plasma aldosterone levels in DHT-treated goats
were significantly higher than those in cho-treated goats at
45 and 60 min point (Fig. 3A, B). In 0.1 mg of ACTH injec-
tion, plasma aldosterone levels in cho- and DHT-treated
goats did not differ throughout the 60 min experimental
period (Fig. 3C).

DISCUSSION

In this study, DHT treatment reduced the levels of the
ACTH-induced increase in plasma Cor in goats. This result
agrees with our previous report [13]. In the lowest ACTH
dose test (0.005 mg), one cho-treated goat had showed the
smaller increase in plasma Cor level in the lowest ACTH
dose, and this is why the difference between cho- and DHT-
treated goats failed to be statistical significant. However,
other three goats had showed the greater increase in plasma
Cor level even when they were given the lowest ACTH dose
during cho-treatment. It seems that DHT treatment suppress
the increase in plasma Cor level induced by the lowest
ACTH dose, as well as other two doses (0.02 and 0.1 mg),
although it did not reach to statistical significance.

In this study, plasma Cor levels were increased within 15
min by ACTH injection, and these levels were maintained
throughout the 60 min experimental period. DHT treatment
decreased these maintained levels of plasma Cor. Since the
maximum levels of plasma Cor were decreased by DHT
treatment, androgen may reduce the rate of the limiting step
for Cor synthesis. Androgen may decrease the reaction rate
of a certain enzyme that relates to the step of the synthetic
pathway of the steroid hormones; Stalvey reported that the
activity of the 3 f~hydroxysteroid dehydrogenase-isomerase,
that is one of the enzymes related the production of adrenal
steroid, was reduced by T in the mouse adrenal gland [18].

Plasma androstenedione levels were also increased by
ACTH injection. Although the levels of androstenedione in
DHT-treated goats tended to be lower than those of cho-
treated goats when they were given 0.005 mg of ACTH,
DHT treatment did not affect the ACTH-induced increase in
plasma androstenedione levels. However, the effects of
DHT on plasma androstenedione levels may not be regarded
as the exact value. The antibody we used in this study cross-
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Fig. 3.  Effects of androgen on the increases in plasma levels
of aldosterone induced by different doses (A: 0.005 mg, B:
0.02 mg, C: 0.1 mg per animal) of adrenocorticotropic hor-
mone (ACTH) (1-24) administration in castrated male
goats. Data were represented as the mean + SE of four
goats. Cho: cholesterol, DHT: 5a—dihydrotestosterone. #:
Significantly different from the data at 0 min within the
same hormone treatment (P<0.05; repeated measures anal-
ysis of variance and Tukey’s test), *: significantly different
from cho-treated goats at the same time point (P<0.05;
repeated measures analysis of variance).

react with DHT 1.23%, thus the effect of DHT treatment on
the androstenedione level might be masked by the higher
level of plasma DHT in DHT-treated goats.

Similarly to other animals [5, 11, 15], ACTH increased
also plasma aldosterone level in goats. Interestingly, unlike
plasma Cor level, DHT treatment enhanced, rather than sup-
pressed, the ACTH-induced increase in plasma aldosterone
level. The aspects of the effects of ACTH injection on
plasma aldosterone levels were different from those in Cor.
The lower doses of ACTH injection (0.02 and 0.005 mg)
increased plasma aldosterone levels within 15 min, but these
levels began to decrease immediately only in cho-treated
goats. While in DHT-treated goats, the increased levels of
plasma aldosterone were maintained for 60 min. Conse-
quently, plasma aldosterone levels did not differ between
cho- and DHT-treated goats at 15 and 30 min point, but
those in DHT-treated goats were higher than those in cho-
treated goats at later half of the experiment. DHT treatment
did not seem to affect the rate of the limiting step for aldos-
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terone synthesis because the peak levels, which were seen at
15 min point, did not differ between cho- and DHT treated
goats. One possible mechanism of the effect of DHT on the
ACTH-induced increase in aldosterone synthesis is the
reduction of the activity of P450-17a., that is the enzyme to
convert pregnenolone to 17a-OH-pregnenolone (or proges-
terone to 17a-OH-progesterone). In cho-treated goats,
pregnenolone and progesterone, which are the precursor of
aldosterone, might be lost rapidly by the higher activation of
P450-17a, and consequently, plasma aldosterone level
might be decreased. DHT treatment might keep the high
level of plasma aldosterone by reducing the activity of
P450-17a..

If androgen decreases the activity of P450-17a, the sup-
pressive effect of androgen on the ACTH-induced Cor syn-
thesis might be a result of this effect at least partially. This
hypothesis will be confirmed by examining the effect of
androgen on the expression of P450-17a or their activity in
the cultured adrenal cortical cells, like a previous work [6].

While, the effects of DHT on the ACTH-induced increase
in plasma Cor and aldosterone levels may be the results of
other biological mechanisms. For example, adrenal steroid
hormone(s) can influence the secretion of other adrenal ste-
roid hormones [20]. The enhancement of increase in plasma
aldosterone level may be a result of the relatively lower
level of plasma Cor instead of the directly effects of DHT.
Otherwise, DHT might enhance the ACTH-induced
increase in plasma aldosterone level by suppressing the
metabolism of aldosterone. Latif et al. reported that the
metabolism of aldosterone in the liver is influenced by other
steroid hormones in rats [10]. The further researches are
necessary to confirm the mechanisms of the effect of andro-
gen on the steroid synthesis in the caprine adrenal glands.

In this study, we have found that androgen suppressed the
ACTH-induced plasma Cor level but enhanced the ACTH-
induced plasma aldosterone level in goats.
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