Inhibition of Aldosterone Production by Testosterone in Male Rats
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In vivo and in vitro experiments were designed to assess the effect of testosterone on aldosterone secretion in male rats.
Orchidectomized rats were injected subcutaneously with oil or testosterone propionate {[TP] 2 mg/kg) for 7 days. Intact rats
were injected with oil only. The results indicate that the plasma aldosterone level was higher in orchidectomized versus intact
and TP-replaced rats. In the in vitro study, testosterone caused a marked decrease of aldosterone secretion by zona
glomerulosa {ZG) cells, but failed to alter the accumulation of intracellular adenosine 3',5'-cyclic monophosphate {cAMP).
Testosterone significantly decreased the corticotropin (ACTH)-stimulated production of aldosterone and accumulation of
¢AMP in rat ZG cells. The conversion of corticosterone to aldosterone and of 25-OH-cholesterol to pregnenolone, as well as
angiotensin 1l (ANG ll)-stimulated production of aldosterone, were decreased by testosterone. These results suggest that
testosterone inhibits the basal and ANG lI- and ACTH-stimulated release of aldosterone, via inhibition of aldosterone synthase
activity and cytochrome P-450 side-chain cleavage {P450scc) activity, and ACTH-stimulated cAMP accumulation in rat ZG cells.
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LDOSTERONE is the main mineralocorticoid produced in
the zona glomerulosa (ZG) of the adrenal cortex in most
mammalian species. Its major physiological role is sodium
retention and potassium excretion in the kidney. The two
limiting steps in the aldosterone biosynthetic pathway are,
respectively, the early step (cytochrome P-450 side-chain
cleavage [P450scc]) and the last step (18-hydroxylase-
isomerase or aldosterone synthase).l> Angiotensin II (ANG II)
is an important regulator involved in the stimulation of aldoste-
rone secretion.> In physiological conditions, corticotropin
(ACTH) is responsible for maintaining the activity of enzymes
in the early step and the increase in plasma aldosterone
following acute stress.# In general, these stimulatory factors
modify aldosterone secretion by changing the activity at one or
both of the two limiting steps in the biosynthetic pathway.’?

Sex differences in renin-angiotensin responsiveness® and
hypothalamic-pituitary-adrenal activity®’ have been studied
extensively, leading to the belief that the differences are
attributable to the effects of sex hormones.® Vernikos et al’
reported that compared with men, women had a lower systolic
pressure and a higher plasma renin activity and aldosterone
response to quiet standing for 2 hours. Long-term treatment
with high-dose androgen for 24 days increased angiotensinogen
mRNA in the kidney in the rat.® Wagner et al'® demonstrated a
significant androgen-dependent increase of renin gene expres-
sion in the kidney after 7 days of androgen treatment. In the rat,

From the Departments of Physiology and Pharmacology, Schools of
Life Science and Medicine, National Yang-Ming University, Taipei;
National Taipei College of Nursing, Taipei; Department of Physiology,
Chang Gung University, Taoyuan; and Department of Medical Re-
search and Education, Veterans General Hospital-Taipei, Taipei, Tai-
wan, Republic of China.

Submutted September 28, 1998; accepted March 3, 1999.

Supported by Grant No. VGHYM 87-54-27 from the Veterans
General Hospital-National Yang-Ming University Joint Research Pro-
gram, Tsou's Foundation, and awards from the Medical Research and
Advancement Foundation in memory of Dr Chi-Shuen Tsou (to P.S.W.).

Address reprint requests to Paulus S. Wang, PhD, Department of
Physiology, National Yang-Ming University, Shith-Pai, Taipei 11221,
Taiwan, Republic of China.

Copyright © 1999 by W.B. Saunders Company

0026-0495/99/4809-0006310.00/0

1108

females react to stress with a greater increase in circulating
ACTH and corticosterone compared with males.” It has been
demonstrated that castration enhances and androgen replace-
ment suppresses the ACTH and corticosterone response to a
physical or psychological stressor.!! Bingaman et al'? have
shown that castration increases hypothalamic corticotropin-
releasing hormone (CRH) content and CRH-immunoreactive
cell numbers in the paraventricular nucleus, and that CRH
responses to castration can be reversed by administration of
androgen.

Long-term androgen treatment of rats leads to the develop-
ment of hypertension and cardiovascular disease.!> The andro-
gen effect on the cardiovascular system is believed to be
mediated through the adrenal gland,'# particularly by an action
on the steroid 11B-hydroxylase enzyme system, including a
decrease in 11B-hydroxylase activity and cytochrome P-450
118 mRNA.> Moreover, androgen receptors have been charac-
terized in the rat adrenal gland.!6 Based on these observations,
we hypothesize that testosterone is involved in the regulation of
aldosterone release. Recent studies have demonstrated that
gonadal steroid hormones have acute (nongenomic) effects on
peural tissue,!” Sertoli cells,’® and vascular smooth muscle
cells.!® Whether testosterone exerts nongenomic effects on
adrenal ZG cells is still unclear.

In the present study, we examined the effects of testosterone
on aldosterone secretion both in vivo and in vitro. To determine
the mechanisms of action of testosterone, we assessed the
effects of testosterone on ANG II- or ACTH-induced aldoste-
rone secretion and adenosine 3',5'-cyclic monophosphate
(cAMP) accumulation and steroidogenesis in rat ZG cells.

MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats weighing 300 to 350 g were housed in a
temperature-controlled room (22° + 1°C) with 14 hours of artificial
llumination daily (6 AM to 8 pm) and given food and water ad libitum.

In Vivo Experiment: Effects of Orchidectomy and Testosterone
Replacement on Plasma Aldosterone Concentration
in Male Rats

Male rats were orchidectomized for 2 weeks before subcutaneous
injection of sesame oil (Sigma, St Louis, MO) or testosterone propio-
nate ([TP] 2 mg/kg; Fluka, Buchs, Switzerland) once daily for 7 days.
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Intact male rats received sesame oil only. Blood samples were collected
for measurement of testosterone and aldosterone levels by radioimmu-
noassay (RIA). The plasma was separated by centrifugation at 10.000 X
g for 1 minute, mixed with diethyl ether (10-fold vol). shaken for 30
munutes, centrifuged at 1,000 X g for 5 minutes, and quick-frozen in a
mixture of acetone and dry ice. The organic phase was collected, dried,
and reconstituted m borate buffer (pH 7.8) contarming 1% bovine serum
albumm (BSA) before measurement of aldosterone by RIA. Plasma
levels of Na™, K*, and Ca?* were determined by flame photometry
(EFOX 5053; Eppendorf, Hamburg, Germany). To confirm the effects
of orchidectomy and TP replacement, plasma testosterone levels were
measured by RIA and the seminal vesicles were weighed after
decaprtation.

Preparation of ZG Cells

Male rats were decapitated in the morning. The adrenal glands were
rapidly removed and stored in 0.9% (wt/vol) NaCl 1 an 1ce bath. The
technique used for the preparation of ZG cells was modified from the
method of Purdy et al.? Briefly, after removal of excess fat, the glands
were separated into capsule (mamnly ZG) and mnner-zone (mainly zona
fasciculata/reticularis) fractions. Capsules from five to eight adrenal
glands were designated as one dispersion and were added to a
polyethylene tube containing 1 mL Krebs-Ringer bicarbonate buffer
with 3.6 mmol/L X, 11.1 mmol/L glucose, and 0.2% BSA (KRBGA
medium) and 2 mg collagenase (Sigma). The tube was aerated with 95%
0, and 5% CO; and incubated for 1 hour at 37°C in a shaker bath
oscillating at 100 cycles per minute. Generally, at least six dispersions
(n = 6) of ZG cells were included in each group. At the end of the
incubation, the capsular tissues were mechanically dispersed into cells
by repeated pipetting and finally filtered through nylon mesh. After
centrifugation at 200 X g for 10 minutes, the cells were washed with
deionized water to disrupt the red blood cells, and the osmolarity was
immediately restored with 10-fold Hank’s balanced salt solution. Cell
number and viability (>>76%) were determined using a hemocytometer
and the trypan blue—exclusion method. Cells were diluted to a
concentration of 5 X 10* cells/mL and divided into the test tubes The
cells were then preincubated with mcubation medium for 1 hour at 37°C
in a shaker bath (100 cycles per minute) aerated with 95% O, and 5%
CO;. The supernatant was decanted after centrifugation of the tubes at
200 X g for 10 minutes.

In Vitro Experiments

To determine the effect of testosterone on basal (unstimulated) or
ACTH-stimulated aldosterone secretion, ZG cells (5 X 107 cells) were
incubated with KRBGA medium (vehicle) and ACTH (10~° mol/L) in
the absence or presence of testosterone (1079 to 1077 mol/L) for 2
hours. To terminate the mcubation. 0.2 mL ice-cold KRBGA medium
was added. The medium was centrifuged at 200 X g and stored at
—20°C until analysis for aldosterone by RIA. To study the effect of
testosterone on cAMP accumulation, ZG cells were primed with 5 X
10~% mol/L 3-isobutyl-1-methylxanthine ([IBMX] Sigma), a phosphodi-
esterase mhibitor, for 1 hour. ACTH (10~° mol/L). testosterone (10~2 to
1077 mol/L; Sigma), or ACTH plus testosterone (107 to 10~7 mol/L) in
0.3 mL KRBGA medium mixed with IBMX were added to the tubes and
incubated with the ZG cells for 2 hours. At the end of incubation. the
cells were mixed with 0.5 mL 65% ice-cold ethanol, homogenized by a
polytron homogenizer (PT-3000; Kinematica, Lucerne, Switzerland),
and centrifuged at 2,000 X g for 15 minutes. The supernatants were
lyophilized in a vacuum concentrator (Speed Vac; Savant, Holbrook,
NY) and reconstituted with assay buffer (0.05 mol/L acetate buffer with
0.01% sodium azide, pH 6 2) before measuring the concentration of
cAMP by RIA.

To assess the effects of testosterone on ANG II-stimulated aldoste-
rone secretion and the aldosterone synthase, ZG cells were incubated
with KRBGA, testosterone (1077 to 1077 mol/L), ANG II (10~ 7 mol/L).
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or ANG II plus testosterone (1078 or 1077 mol/L) in the absence or
presence of corticosterone (1077 to 1075 mol/L; a substrate of aldoste-
rone synthase; Sigma) for 2 hours. After 2 hours of incubation, the
supernatants were collected for determination of aldosterone by RIA To
study further the effects of testosterone on the activities of P450scc,
3B-hydroxysteroid dehydrogenase (33-HSD). 21-hydroxylase, and 113-
hydroxylase, the cells were incubated for 2 hours either with or without
precursors (107% mol/L), including 25-OH-cholesterol (a membrane-
permeable cholesterol, substrate of P450scc, Sigma), pregnenolone
(substrate of 3B-HSD: Sigma), progesterone (substrate of 21-
hydroxylase: Sigma). or deoxycorticosterone (substrate of 11p-
hydroxylase; Sigma), in the absence or presence of testosterone (1078 or
1077 mol/L). At the end of the mncubation, the medium was collected
and the concentrations of pregnenolone, progesterone, corticosterone,
and aldosterone were measured by RIA.

RIA of aldosterone. The aldosterone concentration in both plasma
and medium samples was measured by RIA as described previously.?!
The antialdosterone antiserum (no. 088) was provided by US National
Institutes of Health. The aldosterone RIA sensitivity was 4 pg per assay
tube. The imntraassay and interassay coefficients of variation were 5.5%
(n = 5) and 7.6% (n = 5). respectively. The inhibition curves produced
by ether-extracted rat plasma and the incubation medrum of rat ZG cells
were parallel to the curves produced by unlabeled aldosterone.

RIA of testosterone. The plasma testosterone concentration was
determined by RIA as described elsewhere.” The testosterone RIA
sensitivity was 2 pg per assay tube. The mtraassay and interassay
coefficients of variation were 4.1% (n=6) and 4.7% (n = 10),
respectively.

RIA of pregnenolone. The antipregnenolone antiserum was pur-
chased from Biogenesis (Sandown, NH). Cross-reactivity was 67%
with pregnen-36-0l-20-one sulfate: 19% with progesterone; and 3% or
less with 17o-hydroxypregnenolone, cholesterol, 17a-OH-progester-
one, 20a-di-OH-progesterone, cortisol, deoxycorticosterone, corticoste-
rone, aldosterone, androstenedione, testosterone, dihydrotestosterone,
etiocholanolone, estradiol, estrone, or estriol. For the RIA system, a
known amount of unlabeled pregnenolone or an aliquot of rat ZG cell
medium, adjusted to a total volume of 0.3 mL by a buffer solution (0.1%
gelatin-phosphate-buffered saline [PBS]. pH 7.5). were incubated with
0.1 mL pregnenolone antiserum (1:400) dilated with 0.1% gelatin-PBS
and 0.1 mL [*H]-pregnenolone (8,000 cpm; Amersham, Buckingham-
shire, UK) at 4°C for 24 hours. Duplicated standard curves of
pregnenolone were incubated in each assay. An adequate amount (0.2
mL) of dextran-coated charcoal (0.25%) was added and further
incubated 1 an 1ce bath for 15 minutes. After incubation, the assay tubes
were centrifuged at 1,500 X g for 40 minutes. The supernatant was
mixed with 3 mL liquid scintillation fluid (Ready Safe, Beckman.
Fullerton, CA) before radioactivity determmation in an automatic beta
counter (Wallac 1409: Pharmacia, Turku, Finland). The sensutivity of
the pregnenolone RIA was 16 pg per assay tube. The inhibition curves
produced by ZG cell medium samples were parallel to those produced
by pregnenolone. The intrassay and interassay coefficients of variation
were 2.3% (n = 6) and 3.7% (n = 4), respectively.

RIA of progesterone. The progesterone concentration 1 medium
samples was measured by RIA as described elsewhere using antiproges-
terone serum W-5.23 The sensitivity of the progesterone RIA was 5 pg
per assay tube. The intraassay and interassay coefficients of variation
were 3.8% (n = 3) and 6.5% (n = 4), respectively.

RIA of corticosterone.  The corticosterone concentration in medium
samples was determined by RIA as described elsewhere with anticorti-
costerone PSW#4-9.% The sensitivity of the corticosterone RIA was 5
pg per assay tube. The intraassay and interassay coefficients of variation
were 3.3% (n = 5) and 8.2% (n = 4), respectively.

RIA of cAMP. The cAMP concentration in ZG cells extracted by
ethanol was measured by a RIA developed in our laboratory as
described elsewhere.**?> The anti-cAMP CV-27 pool was provided by
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the National Institute of Diabetes and Digestive and Kidney Diseases
(Bethesda, MD). Synthetic tyr-cAMP (Sigma) was used for iodination.
and unlabeled cAMP (Sigma) served as a standard preparation. The
cAMP RIA sensitivity was 2 finol per assay tube. The intraassay and
interassay coefficients of variation were 3.8% (n=4) and 6.6%
(n = 5), respectively.

Statistical Analysis

All data are expressed as the mean = SEM. The treatment means
were tested for homogeneity using ANOVA, and the difference between
specific means was tested for significance using Duncan’s multiple-
range test.2® A difference between two means was considered statisti-
cally significant at a P level less than .05.

RESULTS

Effect of Orchidectomy and Testosterone Replacement on
Plasma Aldosterone Concentration in Male Rats

As compared with the intact state, orchidectomy decreased
rat plasma testosterone (36 = 10 v 535 = 59 pg/mL, P < .01)
and seminal vesicle weight (188 = 13v424 = 11 mg, P < .01).
Testosterone replacement restored plasma testosterone levels
(598 = 44 pg/mL) and seminal vesicle weight (460 = 22 mg)
in orchidectomized rats. Plasma aldosterone levels were signifi-
cantly (P < .05) higher in orchidectomized rats injected with oil
versus intact rats (Fig 1). TP replacement appeared to restore
plasma aldosterone levels in orchidectomized rats to the levels
observed in intact rats. There were no differences in plasma
levels of Na*t (138 =2 to 143 = 1 mEg/L), K* (3.6 = 0.1 to
3.9 £ 0.1 mEg/L), and Ca?* (9.2 = 0.3 to 9.9 = 0.2 mg/dL)
among the three groups.

Effect of Testosterone on Basal or ACTH-Stimulated
Aldosterone Secretion and cAMP Accumulation in ZG Cells

Testosterone in the range of 1072 to 10~7 mel/L caused a
significant (P < .05 or P < .01) inhibition of aldosterone
release by rat ZG cells (Fig 2). ACTH (10~ mol/L) increased
(P < .01) aldosterone release by ZG cells as compared with
basal (unstimulated) release. Treatment with combinations of
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Fig 1. Effect of orchidectomy (Orch) and TP 2 mg/kg body weight
{BW) replacement on plasma aldosterone in male rats. *P < .05 v
intact rats. Male rats were orchidectomized for 2 weeks. Orch rats
were injected subcutaneously with TP 2 mg/kg BW or sesame oil
once daily for 1 weelk. Values are the mean = SEM.
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Fig2. Effect of testosterone (10-2 — 10-7 mol/L} on basal {(unstimu-
lated) and ACTH (10-? mol/L})-stimulated release of aldosterone by ZG
cells of male rats. *P < .05, **P < .01 v testosterone 0 mol/L. *P <
.05, +#P < .01 v ACTH 0 mol/L {vehicle). Values are the mean + SEM.

ACTH and different concentrations of testosterone (1079 to
1077 mol/L) resulted in a significant inhibition of ACTH-
stimulated release of aldosterone (P << .05 or P < .01; Fig 2). In
the presence of IBMX, ACTH significantly increased cAMP
accumulation in ZG cells (Fig 3). Testosterone alone did not
change the cAMP content in ZG cells. Testosterone at doses of
1072 to 10~7 mol/L significantly (P < .05 or P < .01) decreased
ACTH-stimulated cAMP accumulation in ZG cells (Fig 3).

Effect of Testosterone on ANG II-Stimulated Aldosterone
Secretion and Steroidogenesis in ZG Cells

Administration of ANG II (1077 mol/L) resulted in a
significant increase of aldosterone release (P <.01; Fig 4).
Testosterone at 1077 mol/L significantly (P << .01) suppressed
ANG TII-stimulated aldosterone release from ZG cells. Cortico-
sterone (107% or 1075 mol/L; a substrate for aldosterone
synthase) markedly increased aldosterone secretion (P < .05 or
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Fig3. Effect of testosterone (10-9 — 107 mol/L) on basal (unstimu-
lated) and ACTH (10-° mol/L)-stimulated production of cAMP in ZG
cells of male rats in the presence of 5 x 10~ mol/L IBMX. *P < .05,
**P < .01 vtestosterone 0 mol/L. +P < .05, ++P < .01 vACTH 0 mol/L.
Values are the mean = SEM.
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Fig 4. Effect of testosterone (10~2 or 10-7 mol/L) on ANG Ii (10-7
mol/L)-stimulated aldosterone release by ZG cells of male rats in the
presence of corticosterone (0, 10-7, 10-5, or 10~% mol/L}). *P < .05,
**p < .01 v corticosterone 0 mol/L. *P < .05, +*P < .01 v vehicle
group. ¥P < .05, #P < .01 v ANG I (10-7 mol/L) in the absence or
presence of corticosterone (10-7 — 10~% mol/L). Values are the mean *
SEM.

P < .01). In the presence of corticosterone (1073 mol/L), ANG
1T induced a significantly (P < .01) higher increase in aldoste-
rone secretion versus that obtained in the presence of ANG II
alone. Testosterone (1077 mol/L) produced an inhibitory effect
(P < .05 or P<.01) on the conversion of corticosterone to
aldosterone induced by ANG II plus corticosterone (1077 to
1073 moV/L). Figure 5 shows that administration of corticoste-
rone at 107% mol/L increased aldosterone release (P << .01).
Testosterone at 1072 or 1077 mol/L decreased the production of
aldosterone from corticosterone in ZG cells.

Incubation of 25-OH-cholesterol, pregnenolone, progester-
one, or deoxycorticosterone at 1076 mol/L induced a significant
increase (twofold and 16-, 17-, and 34-fold, respectively.
P <05 or P<C.01) in aldosterone secretion by ZG cells as
compared with basal release (data not shown). Testosterone at
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Fig5. Effect of testosterone (10-° — 10-7 mol/L} on corticosterone
{10-¢ mol/L)-enhanced aldosterone release by ZG cells in male rats.
*P < .05 v corticosterone (106 mol/L}). +P < .05, +*P < .01 v vehicle.
Values are the mean = SEM.
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10~7 mol/L significantly decreased all four precursor-stimulated
aldosterone release (P < .05 or P < .01; Fig 6). After incuba-
tion with 107% mol/L 25-OH-cholesterol, pregnenolone, proges-
terone, or deoxycorticosterone produced an elevation in the
production of pregnenolone, progesterone, or corticosterone by
ZG cells (data not shown). Testosterone (1078 or 1077 mol/L)
resulted in a marked inhibitory effect on the conversion of
25-OH-cholesterol to pregnenolone (P < .01; Fig 7). However,
there were no effects of testosterone on the conversion of
pregnenolone to progesterone, progesterone to corticosterone,
or deoxycorticosterone to corticosterone (Fig 7).

DISCUSSION

In the present study, we found that castration increased and
testosterone replacement restored the level of plasma aldoste-
rone in male rats. Based on our in vitro data, testosterone
appeared to exert a direct inhibitory effect on basal (unstimu-
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Fig 6. Effect of testosterone {102 or 10-7 mol/L) on 4 different
precursor (25-OH-cholesterol, pregnenolone, progesterone, and de-
oxycorticosterone 10-¢ mol/L}-stimulated aldosterone release by ZG
cells in male rats. *P < .05, **P < .01 v testosterone 0 mol/L. Values
are the mean + SEM.
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Fig 7. Effect of testosterone {102 or 10-7 mol/L) on the release of
pregnenolone, progesterone, and corticosterone in response to 4
different precursors (25-OH-cholesterol, pregnenolone, progester-
one, and deoxycorticosterone, 10-¢ mol/L} in rat ZG cells. **P < .01v
testosterone 0 mol/L. Values are the mean + SEM.

lated) aldosterone release at the level of adrenal ZG cells. It is
known that the effects of steroid hormones are mediated by
receptors in the nucleus via modulation of transcriptional
activity in the responsive cells. However, nongenomic steroid
effects in various cells such as neural tissue,!” Sertoli celis,!®
and vascular smooth muscle cells!® have also been reported.
Gorczynska and Handelsman'® demonstrated that testosterone
rapidly increased cytosolic calcium in Sertoli cells. and sug-
gested that changes in intracellular calcium might be involved
in the known synergism between follicle-stimulating hormone
and testosterone actions on Sertoli cells. Our present findings
show that testosterone had an inhibitory effect on basal aldoste-
rone secretion in rat ZG cells but no effect on the basal level of
intracellular cAMP.

Hyperandrogenism often occurs in disorders such as adrenal
hyperplasia, adrenal carcinoma, and polycystic ovarian syn-
drome. Clinical observations in hyperandrogenic women indi-
cated that circulating androgen may inhibit adrenal 21- and/or
118-hydroxylase activity.?” It has been shown that androgens in
vitro depress the activity of 3B-HSD,?® 21-hydroxylase,” and
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11B-hydroxylase,® and may be responsible for the decreased
production of corticosterone. However, the role of testosterone
in aldosterone secretion remains unclear. Several enzymes are
involved in the biosynthetic pathway of aldosterone in adrenal
ZG cells, eg, P450scc (conversion of cholesterol to pregneno-
lone), 3B-HSD (conversion of pregnenolone to progesterone),
21-hydroxylase (conversion of progesterone to deoxycorticoste-
rone), 11B-hydroxylase (conversion of deoxycorticosterone to
corticosterone), and aldosterone synthase (conversion of corti-
costerone to aldosterone).*3! The present data indicate that the
conversion of 25-OH-cholesterol to pregnenolone and of corti-
costerone to aldosterone was blunted by testosterone. However,
testosterone did not alter the conversion of other precursors
(pregnenolone, progesterone, or deoxycorticosterone) to proges-
terone or corticosterone. We therefore suggest that the decrease
in aldosterone release by testosterone is partly due to the
decreased activity of P450scc and aldosterone synthase.

It is well known that ANG 1I is an important factor involved
in the regulation of aldosterone secretion. ANG II binds to a
G-protein—coupled receptor on the surface of cells in the ZG,
activating phospholipase C, which hydrolyzes phosphatidylino-
sitol biphosphate, producing inositol triphosphate and diacylglyc-
erol. These substances increase intracellular calcium concentra-
tions and rapidly activate aldosterone biosynthesis via their
effects on steroidogenic enzymes.?? Our in vitro study indicates
that testosterone attenuated the aldosterone secretion induced
by ANG 1I and the conversion of corticosterone to aldosterone
induced by ANG II in combination with corticosterone in ZG
cells. The results of the present study show that testosterone
suppressed ANG II-stimulated aldosterone secretion, in part, via
inhibition of aldosterone synthase.

In physiological conditions, ACTH is responsible for the
increase in plasma aldosterone following acute siress.* In the
present study, testosterone in vitro had an inhibitory effect on
the ACTH-induced increase in aldosterone secretion. This
implies that testosterone may have important inhibitory effects
on the aldosterone response to stress. Numerous studies have
shown that ACTH acts via its G-protein—coupled receptor to
activate adenylate cyclase and increase intracellular cAMP
levels. Subsequently, cAMP activates the protein kinase A
pathway, guiding associated protein complexes to cAMP re-
sponse elements in the regulatory regions of genes to act as
DNA transcription factors. According to our in vitro study,
testosterone blunted both aldosterone release and cAMP produc-
tion in ZG cells in response to ACTH. These results indicate that
the inhibitory effect of testosterone on ACTH-stimulated aldo-
sterone release is associated with a decrease of cAMP accumu-
lation. In the presence of IBMX, testosterone at 10™% mol/L
completely eliminated ACTH-stimulated cAMP production,
whereas testosterone alone at the same dose only partially
decreased ACTH-stimulated aldosterone release. The detailed
mechanisms are unknown at the present time. Other signaling
pathways have been reported in the effect of ACTH on
aldosterone secretion, including a sustained increase of calcium
influx® and an increase of mRNA for steroidogenic acute
regulatory (StAR) protein followed by an increase of StAR
protein in ZG.3* Therefore, the finding that testosterone com-
pletely inhibited ACTH-stimulated cAMP accumulation but
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partially decreased ACTH-stimulated aldosterone secretion may
be due to the inefficiency of testosterone in other signaling
pathways induced by ACTH. However, more evidence is
needed to prove this hypothesis. In contrast to acute stress,
chronic stress induces a decrease in aldosterone secretion via
inhibition of the late steroidogenic pathway.?? Long-term admin-
istration of ACTH for 9 days induced an increase in StAR
mRNA and a decrease in 33-HSD and P450aldo, as well as
unchanged levels of P450scc and P450C21 mRNA.3* Taken
together, these results can explain the different effects on
aldosterone secretion induced by different stress states.

In summary, the present study demonstrates that castration
induced a higher level of aldosterone, and replacement with
testosterone reversed this result in male rats. In the in vitro
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study, testosterone inhibited the basal and ANG II- and ACTH-
stimulated release of aldosterone, via inhibition of P450scc and
aldosterone synthase activities, and ACTH-stimulated cAMP
accumulation in ZG cells. The inhibitory effect of testosterone
on aldosterone release provides information about the correla-
tion between hyperandrogenism and adrenal dysfunction.
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