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STEROIDOGENESIS IN GUINEA PIG ADRENAL CORTEX:
EFFECTS OF ACTH ON STEROID SECRETION AND
STEROIDOGENIC ENZYME ACTIVITIES
AND EXPRESSION

P. H. PROVENCHER, Y. TREMBLAY, B. BELANGER and A. BELANGER*

MRC Group in Molecular Endocrinology, CHUL Research Center and Laval University,
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Summary—In this study, we investigated guinea pig adrenal steroidogenesis, specially, C19
steroid production. Analysis of adrenal steroids by high performance liquid chromatography
and gas chromatography indicated the presence of androstenedione and 11f-hydroxy-
androstenedione. Adrenal androstenedione and 118-hydroxyandrostenedione levels were
stimulated by ACTH administration while only 118-hydroxyandrostenedione was increased
in plasma. In vitro studies using adrenal cortex cells in primary culture confirmed that
118-hydroxyandrostenedione is the major C19 steroid secreted. The chronic treatment of
guinea pig with ACTH stimulated all adrenal post-pregnenolone enzyme activities and
decreased P450c21 and P450c17 mRNA levels while P450scc, 38-hydroxysteroid dehydrogen-
ase and P450c11 mRNAs remained unaffected. Treatment of adrenal cells in primary culture
with ACTH for 72 h changed the distribution of steroids secreted and decreased 21-hydroxyl-
ase activity while 17x-hydroxylase and 17,20-lyase activities were increased favoring C19
steroid production. In ACTH-treated cells, the mRNA levels for P450c21 and P450c17
increased and reached a peak at 18 h. Our data indicate that treatment with ACTH stimulates
adrenal steroidogenic capacity by increasing steroid secretion and causes transcriptional and
post-transcriptional effects on steroidogenic enzymes gene expression. Finally, the direct action
of steroids on steroid production by adrenal cells in primary culture was investigated. Our data
indicate that steroids themselves increase C19 steroid synthesis and inhibit glucocorticoid
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production without affecting gene expression for steroidogenic enzymes.

INTRODUCTION

The human adrenal gland secretes C19 steroids,
namely, dehydroepiandrosterone, its sulfate, 5-
androstene-38,178-diol and androstenedione.
These steroids circulate at concentrations higher
than those of all other steroid hormones and
recent evidence indicates that they exert andro-
genic activity in several tissues by conversion
into potent androgens[1-6]. Despite this
important role of adrenal C19 steroids, it is
not yet clear how the secretion of these steroids
is regulated. In this report, we present work
from our laboratory undertaken in an attempt
to better understand the control of Cl19
steroids by the adrenal.

The model chosen for this study was the
adrenal cortex of the guinea pig. Previous
studies have indicated that the guinea pig
adrenal possesses the steroidogenic enzymes
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needed for the production of C19 steroids
[7-10]):  cholesterol  side-chain  cleavage
(P450scc), 3B-hydroxysteroid dehydrogenase
(38-HSD), 17a-hydroxylase (P450c17), 21-hy-
droxylase (P450c21) and 118-hydroxylase
(P450c11). The following review summarizes
our data on the concentration of steroids in
guinea pig adrenal cortex, the capability of
adrenal cells to produce and to secrete steroids,
the steroidogenic enzyme activities and the
steady state levels of mRNAs for 38-HSD
P450scc, P450c17, P450c11 and P450c21 under
basal conditions and after treatment with
ACTH both in vivo and in vitro using zona
fasciculata-glomerulosa cells in primary culture.
Finally, the direct action of steroids themselves
on steroid secretion and steroidogenic enzyme
activities of adrenal cells was also examined.

MATERIALS AND METHODS

Animals

Adult male guinea pigs (Hartley) weighing
650-700 g were obtained from Charles River
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Canada, Inc. (St. Constant, Quebec, Canada).
Animals were kept at a controlled temperature
of 22-25°C with a light period from 0500 to
1900 h and given food and water ad libitum.
Blood from animals was collected and plasma
samples, obtained after centrifugation at 1000 g
were frozen at —20°C until steroid measure-
ment. Adrenal glands were quickly removed and
trimmed of fat wusing sterile instruments.
Adrenals were cooled on ice and weighed before
freezing at —20°C until steroid measurement.
For mRNA analysis, adrenals were frozen on
nitrogen and stored at —80°C.

Chemicals

Fetal calf serum was obtained from Hyclone
Labs (Logan, UT, U.S.A.). Twenty-four-well
culture plates and 100 x 20 mm Petri dishes
were obtained from Flow Labs (McLean, VA,
U.S.A)). The synthetic tetracosapeptide ACTH
(Cortrosyn) was purchased from Organon
(West Orange, NJ, US.A). [1,2,6,7-*H)-
Progesterone (81 Ci/mmol) and [1,2,6,7-°H]-
17a-hydroxyprogesterone (74 Ci/mmol) were
purchased from Amersham (Qakville, Ontario,
Canada). [7-* H]Pregnenolone (24 Ci/mmol) and
[1,2-*H]deoxycortisol (42 Ci/mmol) were pur-
chased from New England Nuclear (Boston,
MA, U.S.A.). Pregnenolone, progesterone, 17a-
hydroxyprogesterone and deoxycortisol were
purchased from Steraloids Inc. (Wilton, NH,
U.S.A).

Isolation of adrenal cells and steroidogenic
enzyme activity

The adrenal cells were isolated using an
adaptation [11] of the procedure described by
Black et al.[9]. After isolation, adrenal cells
were plated in 24-well Petri dishes in 1ml
Eagle’s Minimum Essential Medium (MEM)
supplemented with 12% dextran-coated char-
coal-treated fetal calf serum (v/v), 100,000 U/l
penicillin, 50 mg/l streptomycin and NaHCO,
(2.2g/) (MEMS) at a density of 2.5 x 10°
adrenal cells/ml in order to determine enzymatic
activity. Cells were plated at a density of
1.25 x 10° cells/ml in 10ml MEMS in
100 x 20 mm Petri dishes for the measurements
of mRNA levels and steroid secretion. Cells
were incubated under 5% carbon dioxide in
humidified air at 37°C. Twenty-four hours
after plating, the medium was changed and
the experiments were started.
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Enzymatic activity

At the time of harvest, the medium
was removed and cells were incubated
for 15min in MEMS alone. The enzyme
activities were then assayed as described
previously [12]. Briefly, 1mi of MEMS
containing tritiated pregnenolone (0.36 Ci)
and pregnenolone (1 uM) was incubated
for 30min for the 38-HSD assay. Values
for 3B-HSD activity were obtained by
calculating the conversion of pregnenolone
to progesterone, 17«-hydroxyprogesterone,
deoxycorticosterone, corticosterone, deoxy-
cortisol, cortisol, androstenedione and 11p-
hydroxyandrostenedione. One milliliter of
MEMS containing tritiated progesterone
(0.36 Ci) and progesterone (1 uM) was incu-
bated for 60min for the 17x-hydroxylase
assay. Values for 17a-hydroxylase activity
were obtained by calculating the conversion
of progesterone to 17a-hydroxyprogesterone,
deoxycortisol, cortisol, androstenedione and
118-hydroxyandrostenedione. One milliliter of
MEMS containing tritiated 17«-hydroxypro-
gesterone (0.36 Ci) and 17x-hydroxyproges-
terone (1 uM) was incubated for 30 min for
the 21-hydroxylase and 17,20-lyase assays.
Values for 21-hydroxylase and 17,20-lyase
activities were obtained by calculating the
conversion of 17a-hydroxyprogesterone to
deoxycortisol and cortisol for 21-hydroxylase
activity and androstenedione and 11f8-hy-
droxyandrostenedione for 17,20-lyase activity.
One milliliter of MEMS containing tritiated
deoxycortisol  (0.36 Ci) and deoxycortisol
(1 uM) was incubated with adrenal cells for
60 min for the 118-hydroxylase assay. Values
for 11f-hydroxylase activity were obtained
by calculating the conversion of deoxycortisol
to cortisol.

The enzymatic reaction was stopped by
adding 50 ul of IN acetic acid to cells. The
medium was then recovered and frozen at
~—20°C until assayed. The products of metab-
olism were assayed as follows. The medium was
extracted twice with Sml ethyl ether—acetone
(1:1, v/v). The extract was evaporated to dry-
ness and the remaining residue dissolved in a
mixture of methanol-water (1:1, v/v) subjected
to high performance liquid chromatography
(HPLC) analysis using a Waters model 510
chromatograph (Waters Instruments, Milford,
MA, US.A)) and a C18 column (Radial-Pak,
Waters). A gradient of 100% methanol-water
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(1:1, v/v) to 41% tetrahydrofuran—acetonitrile
(1:1, v/v), over a 35 min period, was used for
the analysis of pregnenolone, progesterone,
17a-hydroxyprogesterone and deoxycortisol
metabolism. The formation of tritiated metab-
olites was quantitated by integrating and
radioactive peaks and divided by the sum of
total radioactivity recovered after chromatog-
raphy. Results were then expressed as per-
cent conversion while enzyme activity was
expressed in pmol/10¢cells/h for all steroids
assayed. Enzyme activities were assayed in
triplicate. For each steroid enzyme activity
measured, the rate of conversion of steroid
substrate was linear for the times indicated.

Steroid determination

At the time of harvest, the medium was
centrifuged at 200 g for 5min at 4°C and the
supernatant frozen until assayed. Plasma and
medium levels of steroids were determined in
1 ml samples by radioimmunoassays (RIA)
after ether extraction and chromatography on
Amprep C-18 columns (Amersham, Oakville,
Ontario, Canada) and LH-20 columns (Phar-
macia, Uppsala, Sweden) as described pre-
viously [12, 13). The frozen adrenals were
homogenized and extracted in organic solvent.
Steroids were separated by chromatography
on C-18 and LH-20 columns and non-conju-
gated and sulfoconjugated steroids levels were
determined by RIA as described previously
[12, 13].

mRNA preparation and analysis (Northern blot
analysis)

Three adrenals from three different guinea
pigs were homogenized with a Polytron
(Brinkmann Instruments, Westbury, NY,
US.A) in 2ml of 4M guanidinium thio-
cyanate, 100 mM 2-mercaptoethanol, 2% N-
lauryl sarcosine, S0mM Tris-HCl (pH 7.5)
and 50mM EDTA. The homogenates were
centrifuged at 1000 g at 10°C for 30 min. The
supernatant was centrifuged through 5.7M
CsCI[14]. The RNA pellets obtained were
dissolved in 0.5% sodium dodecyl sulfate
(SDS) and 10mM TrissHCl (pH 7.5), and
then precipitated twice with ethanol. The
total RNA obtained was quantitated by spec-
trophotometry at 260 nm; 300 to 400 ug of
total RNA were recovered from one adrenal
gland. The ratio of absorbance at 260 vs
280 nm was always greater than 1.85.
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For Northern blots, 50 ug total cellular
mRNA per lane was denatured by heating 1 h
at 50°C using glyoxal. RNA was then elec-
trophoresed, transferred to nylon membranes
(Hybond-N, Amersham, Arlington Heights,
IL, U.S.A) in 20 x SCC (1 x SCC =150 mM
NaCl, 15mM sodium citrate, pH 7.0) over-
night at 25°C. RNA was immobilized cova-
lently by cross-linking under short wavelength
u.v. for 3min[l15, 16]. Prehybridization was
performed for 12h at 42°C in 50% for-
mamide, 6 x SSC, 0.02% Ficoll, 0.02%
polyvinylpyrrolidone, 0.02% bovine serum
albumin (BSA), 1% SDS, 200pug/ml heat
denatured salmon sperm DNA and 200 ug/ml
yeast tRNA. Hybridization was then per-
formed by adding the probe to the pre-
hybridization solution and incubation was
continued for 24 h. Filters were then washed
in 0.1 x SSC with 1% SDS for 20min at
room temperature, followed by three 20-min
washes in the same solution at 65°C.

For RNA Dot blot hydridization assays,
RNA was denaturated by heating at 65°C for
15min in 6 x SCC containing 7.5% formal-
dehyde. Serial 2-fold dilutions of RNA in
10 x SCC were spotted onto nylon membranes
using a 96-well Hybri-dot Manifold (Bethesda
Research Labs, Gaithersburg, MD, U.S.A)).
Dot blots were processed as described above for
Northern blots. The Northern and Dot blots
were then autoradiographed at —80°C with
intensifying screens.

The intensities of the autoradiographic spots
were quantified using an Amersham RAS Image
Analyzer system. The slopes of the dot intensi-
ties of each dilution series were calculated by
linear regression using Cricket Graph (Cricket
Software, Malvern, PA, U.S.A)).

Probes

For Northern blots, the same blot was suc-
cessively probed by 5cDNAs and, for Dot
blot, the same Dot blot was only probed by
3 ¢cDNAs. Full-length human P450scc[17] and
human P450c17 [18] cDNAs were isolated from
plasmid pUCI18 by cleavage with EcoRI. The
P450c21 probe was a 1200 base pair fragment
from human P450c21 cDNA [19] isolated after
subcloning into the EcoRI site of plasmid
pBR 322. The P450scc, P450c2]1 and P450c17
probes were generously provided by Dr Walter
L. Miller. The 38-HSD probe (generously
provided by Dr Fernand Labrie) was a 1038
base pair EcoRI/PVU II fragment of human
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38-HSD cDNA [20] which was isolated from
plasmid pT7T3/18U. The P450cl1 probe (gen-
erously provided by Dr Perrin C. White) was
a 2000 base pair EcoRI/Bam H1 fragment of
human pHI11F3b cDNA [21] isolated after
subcloning from plasmid Bluescript KS*. Each
digested fragment was separated on agarose
gel electrophoresis and the cDNA inserts
were purified on Na45 membrane. Probes were
labeled with [P]dCTP to 10°dpm/ug using
random primer kits purchased from Amer-
sham. After the fifth hybridization on North-
ern blot, the first hybridization was repeated
and no more than 15% of the signal was lost.

Data analyses

RIA data were analyzed using a program
based on model II of Rodbard and Lewald
[22]. Experimental data are presented as
mean + SEM and statistical significance was
measured according to the Duncan—Kramer
multiple-range test [23).

RESULTS

Effects of ACTH on adrenal and plasma steroid
levels

The retention times on HPLC and the mass
spectra obtained by selected ions were con-
sistent with the presence in the guinea pig
adrenals of pregnenolone, progesterone, 17a-
hydroxyprogesterone, androstenedione, 11§-
hydroxyandrostenedione and cortisol [24]. Two
hours after a single injection of ACTH the
levels of steroids in the guinea pig adrenals
increased (Table 1). However, in plasma, only
pregnenolone, 118-hydroxyandrostenedione,
androstane-3a,17f-diol, corticosterone and
cortisol concentrations were affected.
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Effects of in vivo chronic ACTH treatment on
adrenal and plasma steroids and the activity of
adrenal steroidogenic enzymes and their mRN A
levels

Chronic administration of ACTH for 7 days
produced no significant difference in the adrenal
content of steroids between the ACTH-treated
group sacrificed 8 h after the last injection
and the control group [25]. However, a marked
decrease in the adrenal content of C21 and
C19 steroids was observed in the group sac-
rificed 24 h after the last injection of ACTH.
Of the plasma C19 steroids examined, only
118-hydroxyandrostenedione levels were still
increased 8 h after the last injection of ACTH
while plasma levels of C21 steroids were
increased. At 24 h after the last injection of
ACTH, plasma steroid levels were returned
to basal values. 38-HSD, 17a-hydroxylase,
17,20-lyase, 21-hydroxylase and 11f-hy-
droxylase activities increased significantly in
a suspension of adrenal cells obtained from
ACTH-treated animals [25]. ACTH-treatment
also caused a marked decrease of P450c21
and P450c17 mRNA levels while P450scc, 38-
HSD and P450cll mRNA levels remained
unaffected [25].

Effects of ACTH on guinea pig adrenal cells in
primary culture

Treatment with ACTH for 24 h of adrenal
cells in primary culture demonstrated an
ACTH concentration-dependent stimulation
of all steroids measured [11]. A steroidogenic
response was observed with the half-maxi-
mal effect occurring at ACTH concentrations
varying between 1.7 x 107" and 1.1 x 107M
for the 12 steroids measured with no signifi-
cant difference. Incubation of adrenal cells

Table 1. Basal and stimulated (ACTH) adrenal and plasma steroid levels in castrated guinea pigs

Control ACTH-treated Control ACTH-treated
Steroids (fmol/mg adrenal) (pmol/ml plasma)
Pregnenolone 31234+ 934 8245 + 767 2.14 £0.71 490+ 0.74
Progesterone 537+ 79 1812 + 265 ND ND
17« -Hydroxypregnenolone 144 + 15 467 + 21 ND ND
17a-Hydroxyprogesterone 557 + 188 6505 + 1108 ND ND
Dehydroepiandrosterone 35+3 53+7 ND ND
5-Androstene-38,17f-diol 15+1 2243 ND ND
Androstenedione 87+ 11 534 + 45 ND ND
118-Hydroxyandrostenedione 381 +26 3234 + 398 326+175 79115
Testosterone 8+1 82+9 ND ND
Androstane-3a,178-diol 20+1 33+1 ND ND
Corticosterone 395+ 55 1311 £ 103 13.24+ 1.7 36.9 +4.0
Cortisol 3089 1+ 301 53,502 + 4423 297 + 104 510 + 40

Experiments were performed two times; the results are those of one representative experiment. ND: under the limit

of detection. This table was taken from Ref. [24].
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with 8Br-cAMP also increased the secretion of
corticosterone, cortisol, androstenedione and
118-hydroxyandrostenedione in a dose-depen-
dent manner[11]. Since 11B8-hydroxyandros-
tenedione appears to be the major C19
steroid secreted by the guinea pig adrenal
cells, we carried out an experiment to deter-
mine its precursor. Adrenal cells were incu-
bated for 48 h with either labeled corticosterone,
cortisol, 11-deoxycorticosterone or andros-
tenedione. Analysis by HPLC of the medium
indicated that only androstenedione can be
converted into 11f8-hydroxyandrostenedione

{11].

Effect of ACTH on steroid secretion, activity of
adrenal steroidogenic enzyme and their mRNA
levels in adrenal cells in primary culture

The rate of steroid secretion by adrenal cells
in the presence of 10nM ACTH for a 72-h
period remained constant throughout the first
24h of incubation and they decreased after
48 h to approx. 60% of the maximal rate and
remained at this level up to the last time inter-
val studied [26]. In the first 12 h following the
addition of ACTH, the production of 17-deoxy
C21 steroids rapidly decreased and it remained
at a plateau between 12 and 24 h, it further
declined after 72h of exposure to ACTH.
Secretion of 17a-hydroxy C21 steroids which
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Fig. 1. Time course of the effect of 10nM ACTH on
steroidogenic enzyme activities in FG cells in primary
culture. Results are expressed in pmol of metabolites formed
per 10° cells per h. Data represent the mean + SEM of
duplicate wells. This figure was taken from Ref. [26].

remained unchanged in the first 24 h of incu-
bation with ACTH, diminished by 55% between
24 and 48 h. On the other hand, the production
of 4-ene C19 steroids steadily increased between
3 and 48h and remained elevated thereafter.
Twelve to 48 h following exposure to ACTH,
both 17x-hydroxylase and 17,20-lyase activities
showed an increase while the activity of 21-hy-
droxylase steadily declined during incubation
with ACTH (Fig. 1). The activity of 11§-hy-
droxylase in adrenal cells was not affected by
ACTH treatment.

P450¢c17

HOURS OF ACTH TREATMENT

Fig. 2. Time course of the effect of 10 nM ATCH on mRNAs for P450scc, 3-HSD, P450c21 and P450c17

levels in FG cells in primary culture. Each data point represents the relative amount of mRNA estimated

by densitometry analysis of Northern blot analysis for each enzyme. Experiments were performed four
times; the results are those of one representative experiment. This figure was taken from Ref. [26].
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Northern blot analysis revealed that P450scc
and 35-HSD mRNA increased by 2- and 3-fold,
respectively, after 18 h of ACTH treatment and
declined thereafter to 2.4- and 1.4-fold, respect-
ively, over control values after 72 h of treatment
with ACTH (Fig. 2). ACTH induced a time-
dependent increase in P450c2]1 mRNA, attain-
ing a maximum increase of 24.5-fold after 18 h.
P450c2] mRNA levels decreased thereafter, but
still remained at levels higher than those of the
control group. P450c17 mRNA reached a maxi-
mum of 6-fold increase after 18 h of ACTH
treatment and remained at this level for the 72-h
incubation period.

Effects of androstenedione and RU 486 [178-hy-
droxy-118-(4-dimethylamino phenyl) [174-(1-
propynylJestra-4,9-dien-3-one] on steroidogenic
enzymes in guinea pig adrenal cells

Previous studies have already showed that
RU 486 may alter the activity of adrenal
steroidogenic enzymes [27] and, to better inves-
tigate this inhibitory effect on steroidogenesis,
we compared the action of RU 486 with that
of androstenedione on adrenal steroidogenic
enzyme activities [12, 28]. Androstenedione and
RU 486 decreased 21-hydroxylase activity while
only RU 486 increased the activities of 17a-hy-
droxylase and 17,20-lyase. It must be noted that
the combined addition of androstenedione and
ACTH further enhanced the decrease in 21-hy-
droxylase activity observed with androstene-
dione alone and, furthermore, caused a marked
stimulation in 17a-hydroxylase and 17,20-lyase
activities [28)]. Treatment of adrenal cell cultures
with androstenedione decreased 118-hydroxyl-
ase activity to approx. 80% of the control value
while RU 486 had no effect on this activity [12].

DISCUSSION

The present study showed that the major
C19 steroid secreted by the guinea pig adrenal
is 118-hydroxyandrostenedione. In agreement
with the in vivo data, we demonstrated that both
C19 steroids and C21 steroids are produced by
guinea pig adrenal cells in primary culture. In
fact, dehydroepiandrosterone, androstenedione
and 11B-hydroxyandrostenedione were gener-
ated, while dehydroepiandrosterone and an-
drostenedione were rapidly converted into
11B-hydroxyandrostenedione. In adult human,
the main adrenal C19 steroids are dehydroepi-
androsterone and its sulfate, and most of the
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studies on adrenal steroidogenesis in rat, guinea
pig, and dog were first focused on the secretion
of these steroids [29]. The adrenal and plasma
concentrations of dehydroepiandrosterone and
its sulfate in these species are extremely low due
to high activity of adrenal 38-HSD which
converts dehydroepiandrosterone into andros-
tenedione [24, 29]. Our data demonstrate that,
in the guinea pig adrenal, the steroidogenic
pathway is shifted towards 4-ene-steroids and
hydroxylated at position 11 of the C19 steroid
formed.

The present study also showed a change in
the distribution of steroids secreted by adrenal
cells in culture during long-term stimulatory
influence of ACTH. The production of cortisol,
androstenedione and 11f-hydroxyandrostene-
dione steadily increased during the incubation
period with ACTH due to a marked stimulation
of both 17x¢-hydroxylase and 17,20-lyase activi-
ties. The decrease in 21-hydroxylase activity
enhanced the shift of the steroidogenic secretion
towards C19 steroids. mRNA levels of 35-HSD,
P450scc, P450c21 and P450c17 increased and
reached a peak at 18 h and, with the exception
of P450cl17, dropped between 24-72h after
addition of ACTH. Our results revealed major
differences in the time courses and levels of the
induction of mRNAs and the activity of the
steroidogenic enzymes in adrenal cells in cul-
ture. The stimulation of P450c17 showed simi-
lar time courses at both enzymatic activity and
mRNA levels, while there was no relationship
between enzymatic activity and mRNA levels
for 38-HSD, P450c21 and P450scc. The most
striking difference was observed in the case of
P450c21 whose enzymatic activity diminished
by 20% while its mRNA level was stimulated
25-fold after 18 h of incubation and remained
elevated throughout the period of exposure to
ACTH. In bovine adrenal cells, differences in
the induction by ACTH of P450c21 mRNA,
protein synthesis and enzymatic activity were
previously noted during long-term stimulation
and it was concluded that other factor(s) must
be present within the cells for the regulation of
the enzyme activity [30]. Our observation that
38-HSD mRNA levels also increased in the
absence of any effect on its enzyme activity,
suggests that similar mechanisms may also be
involved in the activation of other steroidogenic
enzymes.

Using the in vitro model of adrenal cells in
primary culture, the present study also demon-
strated an inhibitory effect of C19 steroids on
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adrenal steroidogenic enzymes. Such an effect of
C19 steroids was shown at basal as well as
ACTH-stimulated levels. A short-loop nega-
tive feedback on steroid-transforming enzymes
by steroids themselves is supported by our
observation that androstenedione had no effect
on basal and ACTH-stimulated steady-state
P450c11 and P450c21 mRNA levels. In agree-
ment with previous observations [31-33], our
data reinforce the concept of the action of
steroid themselves on steroidogenesis.

We also demonstrated that the administration
of ACTH to intact guinea pigs induces an
increase of all post-pregnenolone steroidogenic
enzymes including 38-HSD, 17a-hydroxylase,
17,20-lyase, 21-hydroxylase and 11§-hydroxyl-
ase. However, the increased steroid secretion
and steroid enzyme activities observed in
ACTH-treated guinea pigs were not associated
with a rise in the levels of mRNA encoding
for the enzymes. Chronic ACTH adminis-
tration caused a significant decrease in P450c21
and P450cl7 while P450450scc, 38-HSD and
P450c1l] mRNA levels remained unaltered.
Thus, in contrast to the in vitro situation, in
vivo, a marked stimulatory effect of ACTH
is observed on steroid-transforming enzyme
activities whereas the mRNA levels may not
be increased. The effects of ACTH in intact
guinea pigs may be different from that observed
in hypophysectomized animals where the
adrenal gland undergoes atrophy. Our data
may be interpreted as indicating that in vivo
chronic treatment of guinea pigs with ACTH
stimulates adrenal steroidogenic capacity by
increasing steroid secretion and steroid enzyme
activity. Furthermore, a post-transcriptional
effect on steroidogenic enzymes gene expression
by affecting the half-life of their mRNAs,
protein stabilization or decrease protein turn-
over is also suggested [34]. In agreement with
this observation, it was previously reported
that the hypertrophy of the adrenal gland
observed in ACTH-treated animals could be
correlated with a change in protein and RNA
half-life. [35]

In summary, the present data show that
guinea pig adrenal produce and secrete C19
steroids, namely 118-hydroxyandrostenedione.
Our data provide evidence that increase in gene
expression for steroidogenic enzyme mRNAs
may not totally be reflected by an enhance-
ment of enzymatic activity, thus suggesting
that ACTH may have post-transcriptional
effects. Furthermore, steroid themselves may

be involved in the regulation of C19 steroid
production, particularly by an interaction with
P450c21 and P450cl7.

REFERENCES

1. Labrie F.: Intracrinology. Molec. Cell. Endocr. 75
(1991) C113-C118.

2. Harper M. E., Pike A., Peeling W. B. and Griffiths K.
Steroids of adrenal origin metabolized by human pro-
static tissue both in vive and in vitro. J. Endocr. 60 (1974)
117-125.

3. Moghissi E., Ablan F. and Horton R.: Origin of plasma
androstanediol glucuronide in men. J. Clin. Endocr.
Metab. 59 (1984) 417-421.

4. Bélanger A., Brochu M. and Cliche J.: Levels of plasma
steroid glucuronides in intact and castrated men with
prostatic cancer. J. Clin. Endocr. Metab. 62 (1986)
812-816.

5. Bélanger B., Bélanger A., Labrie F., Dupont A., Cusan
L. and Monfette G.: Comparison of residual C-19
steroids in plasma and prostatic tissue of human, rat
and guinea pig after castration: unique importance of
extratesticular androgens in men. J. Steroid Biochem.
32 (1989) 695-698.

6. Cameron E. H., Baillie A. H., Grant J. K., Milne J. A.
and Thompson J.: Transformation in vitro of [Ta-
3H]dehyroepiandrosterone to [*H]testosterone by skin
from men. Proceedings of the 10Ist Meeting of the
Society for Endocrinology, London. J. Endocr. 35 (1966)
XIX-XX.

7. Lambert F., Lammerant J. and Kolanowski J.: The
mechanism of the prolonged stimulatory effect of corti-
cotrophin on pregnenolone production by guinea-pig
adrenocortical mitochondria. J. Endocr. 108 (1986)
377-384.

8. Lambert F., Lammerant J. and Kolanowski J.:
The enhancement of pregnenolone production as
the main mechanism of the prolonged stimulatory effect
of ACTH on cortisol production by guinea-pig
adrenocortical cells. J. Steroid Biochem. 21 (1984)
299-303.

9. Black V. H., Mierlak T., Katz T., Mia P., Huima T.
and Mcnamara N.: [solated guinea pig adrenocortical
cells in vitro: morphology and steroidogenesis in control
and ACTH-treated cultures. Am. J. Anat. 165 (1982)
225-248.

10. Hyatt P.J., Bhatt K. and Tait J. F.: Steroid biosynthesis
by zona fasciculata and zona reticularis cells purified
from mammalian adrenal cortex. J. Steroid Biochem. 19
(1983) 953-959.

11. Provencher, P., Lorrain A., Bélanger A. and Fiet J.
Steroid biosynthesis by glomerulosa-fasciculata cells
in primary culture of guinea pig adrenals. J. Steroid
Biochem. 36 (1990) 589-596.

12. Provencher P., Bélanger A. and Fiet J.: Effects of
RU 486 on adrenal steroidogenesis in the guinea pig.
J. Endocr. (1991) 71-78.

13. Bélanger A., Couture J., Caron S. and Roy R.: Deter-
mination of nonconjugated and conjugated steroid
levels in plasma and prostate after separation on C-18
columns. Ann. N.Y. Acad. Sci. 595 (1990) 251-259.

14. Chirgwin J. J., Przbyla A. E., MacDonald R. J.
and Ritter W. J.: Isolation of biologically active
ribonucleic acid from sources enriched in ribonuclease.
Biochemistry 18 (1979) 5294-5299.

15. Tremblay Y., Ringler G. E., Morel Y., Mohandas
T. K., Labrie F., Strauss J. F. 1. and Miller W. L.
Regulation of the gene for estrogenic 17-ketosteroid
reductase lying on chromosome 17cen-q25*. J. Biol.
Chem. 264 (1989) 20,458-20,462.



862

16.

17.

18.

19.

20.

2l

22

23.

24.

25.

P. H. PROVENCHER et al.

Thomas P. S.: Hybridization of denaturated RNA
and small DNA fragments transferred to nitro-
cellulose. Proc. Natn. Acad. Sci. U.S.A. 77 (1980)
5201-5208.

Chung B., Matteson K. J., Voutilainen R., Mohandas
T. K. and Miller W. L.: Human cholesterol side-chain
cleavage enzyme, P450scc: cDNA cloning, assignment
of the gene to chromosome 15, and expression in the
placenta. Proc. Natn. Acad. Sci. U.S.A. 83 (1986)
8962-8966.

Chung B. C., Picado-Leonard J., Haniu M., Bienkowski
M., Hall P. F, Shively J. E. and Miller W. L.
Cytochrome P450c17 (steroid 17 alpha-hydroxyl-
ase/17,20 lyase): cloning of human adrenal and testis
cDNAs indicates the same gene is expressed in both
tissues. Proc. Natn. Acad. Sci. U.S.A. 84 (1987)
407-411.

Matteson K., Phillips III J.,, Miller W., Chung B.,
Orlando P., Frisch H., Ferrandez A. and Burr L.
P450XXI (steroid 21-hydroxylase) gene deletion are not
found in family studies of congenital adrenal hyper-
plasia. Proc. Natn. Acad. Sci. U.S.A. 84 (1987)
5858-5862.

Luu-The V., Lachance Y., Labric C., Leblanc G.,
Thomas J. L., Strickler R. C. and Labrie F.: Full length
cDNA structure and deduced amino acid sequence of
human 3f-hydroxy-5-ene steroid dehydrogenase.
Molec. Endocr. 3 (1989) 1310-1312.

Chua 8. C., Szabo P, Vitek A., Grzeschik K. H., John
M. and White P. C.: Cloning of cDNA encoding steroid
11 beta-hydroxylase (P450c11). Proc. Natn. Acad. Sci.
U.S.A. 84 (1987) 7193-7197.

Rodbard D. and Lewald J. E.: Computer analysis of
radioligand assay and radioimmunoassay data. Acta
Endocr. (Copenh.) (Suppl.) 147 (1970) 79-103.
Kramer C. Y.: Extension of multiple range tests to
group means with uniqual numbers of replications.
Biometrics 12 (1956) 307-310.

Bélanger B., Couture J., Caron S., Bodou P., Fiet J. and
Bélanger A.: Production and secretion of C19 steroids
by rat and guinea pig adrenals. Sreroids 58 (1990)
360-365.

Provencher P. H., Tremblay Y., Caron S. and Bélanger
A.: Effect of chronic ACTH treatment on guinea pig
adrenal steroidogenesis: Steroid plasma levels, steroid
adrenal levels, activity of steroidogenic enzymes and

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

their steady-state mRNA levels. J. Steroid Biochem.
Molec. Biol. 41 (1992) 69-78.

Provencher P. H., Tremblay Y., Fiet J. and Bélanger A.:
Effect of ACTH on steroidogenic enzymes in guinea pig
fasciculata-glomerulosa cells: Changes in activity and
mRNA levels. J. Steroid Biochem. Molec. Biol. 41 (1992)
69-78.

Nieman L. K., Chrousos C. K., Spitz I. M., Nisula
B. C., Cutler G. B., Merriam G. R., Bardin C. W. and
Loriaux D. L.: Successful treatment of Cushing’s syn-
drome with the glucocorticoid antagonist RU 486.
J. Clin. Endocr. Metab. 61 (1985) 536-540.
Provencher P. H., Tremblay Y. and Bélanger A.: Effects
of C19 steroids on adrenal steroidogenic enzyme activi-
ties and their mRNA levels in guinea-pig fasciculata-
glomerulosa cells in primary culture. J. Endocr. 132
(1992) 269-276.

Cutler B. G. and Loriaux D. L.. Adrenarche and its
relationship to the onset of puberty. Fedn. Proc. 39
(1980) 2384-2390.

Funkenstein B., McCarthy J. C., Dus K. M., Simpson
E. R. and Waterman M. R.: Effect of adrenocorti-
cotrophin on steroid 21-hydroxylase synthesis and
activity in cultured bovine adrenocortical cells,
increased synthesis in the absence of increased activity.
J. Biol. Chem. 258 (1983) 9398-9405.

Hornsby P. J.: Physiological and pathological effects of
steroids on the function of the adrenal cortex. J. Steroid
Biochem. 27 (1987) 1161-1171.

Quinn P. G. and Payne A. H.: Steroid product induced,
oxygen-mediated damage of microsomial cytochrome
P-450 enzymes in Leydig cell cultures. J. Biol. Chem.
260 (1985) 2092-2099.

Hanukoglu 1., Feuchtwanger R. and Hanukoglu A.:
Mechanism of corticotropin and cAMP induction of
mitochondrial cytochrome P450 system enzymes in
adrenal cortex cells. J. Biol. Chem. 265 (1990)
20,602-20,608.

Hanukoglu I.: Steroidogenic enzymes: structure, func-
tion, and role in regulation of steroid hormone biosyn-
thesis J. Steroid Biochem. Molec. Biol. 43 (1992)
779—804.

Purvis J., Canick J., Mason J., Estabrook R. and
McCarthy J.. Lifetime of adrenal cytochrome P-450 as
influenced by ACTH. Ann. N.Y. Acad. Sci. 212 (1972)
319-343.



