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Abstract
Backgr ound and Objective: To examine the acute effects of propylthiouracil (PTU) on corticosterone release by rat adrenal Zona
Fasciculata Reticularis (ZFR) cells. Materials  and Methods:  Male rats were infused with alkaline saline or PTU (10 mg kgG1) via right jugular
catheter. The blood samples were collected at 0, 30, 60, 120, 180 and 240 min after infusion. Rat ZFR cells were treated with PTU (12 mM)
in the presence or absence of adrenocorticotropic hormone (ACTH) (10G9 M). Media were collected for corticosterone RIA and cells were
lysed for analyzing the protein expressions of Steroidogenic Acute Regulatory (StAR) protein and P450scc. The ZFR cells were also
incubated with PTU (3-30 mM) plus trilostane (a 3ß-hydroxysteroid enzyme inhibitor, 10G6 M) or both trilostane and 25-OH-cholesterol
(10G7~10G4 M) for 1 h and the concentration of pregnenolone in media was measured. Results: Propylthiouracil infusion decreased plasma
corticosterone concentrations. Both basal and ACTH-stimulated corticosterone release as well as StAR protein expression in ZFR cells were
attenuated by PTU treatment. The Electrophoretic Mobility Shift Assay (EMSA) results showed that the binding activity into Steroidogenic
Factor-1 (SF-1) binding site was descreased by PTU. The elevated binding activity in response to ACTH treatment was diminished after
PTU treatment. The pregnenolone production from ZFR cells was suppressed by PTU. Administration of PTU (10 mM) decreased Vmax
by 46%. Conclusion:  Propylthiouracil acutely diminished corticosterone production by affecting the early rate-limiting steps of
steroidogenesis including the reduction of the enzyme activity of P450scc, and the expression of StAR protein.
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INTRODUCTION

Propylthiouracil (PTU) is a thionamide drug, which
suppresses the synthesis of thyroid hormone in thyroid and
conversion of T4 to T3. Propylthiouracil (PTU) is commonly used
to treat patients with hyperthyroidism caused by Grave’s
disease. It has been reported that patients treated with PTU
resulted in transient leukopenia1. Moreover, patients who
were clinically treated with PTU developed jaundice,
hepatodisfunction, and hepatomegaly. The PTU is recognized
as the cause of hepatotoxicity which is associated with
hepatocellular necrosis then with cholestasis2.  Administration
of PTU acutely increases the release  of Gastric Inhibitory
Polypeptide (GIP)3, but decreases the production of gonadal
steroid hormones3,4,5  in  rats.

The previous studies indicated that the elevated plasma 
corticosterone  levels  were  observed in T4-induced 
hyperthyroidism  and attenuated by PTU-induced
hypothyroidism in postnatal rats6. Clinical reports indicated
that adrenocortical function was activated in primary
hyperthyroidism and reduced in hypothyroidism7,8,9. These
data suggested that T4 activated the Hypothalamus Pituitary
Adrenal (HPA) axia and PTU suppressed the plasma
corticosterone through the inhibition of plasma T4

concentration. However, PTU-induced hypothyroidism
suppressed the Corticotrophin Releasing Hormone  (CRH)
gene expression in the paraventricular nucleus  in  rats10.
Meanwhile, PTU also has a direct inhibitory effect on the
release of progesterone  from  rat  granulosa cells and that of
aldosterone from rat zona glomerulosa  cells  via  the
inhibition of  post-cAMP  and  intracellular calcium
pathways5,11. Sanchez-Franco et al.9 reported that the plasma
ACTH level was not altered in PTU-treated rats, although the
decreased plasma corticosterone concentration was
observed9. Mice treated with PTU for 10 weeks altered the
morphology of mitochondria and induced “Brown
degeneration” in adrenocortical cells12. These results implied
that the suppressed plasma corticosterone concentration
developed in PTU-induced hypothyroidism appeared to be
associated with the direct pharmacological effects of PTU on
the adrenal gland. It is demonstrated that PTU exhibited the
pharmacological effects on corticosterone secretion by a
direct attenuation of the activity of 11-hydroxylase and cAMP
production in ZFR cells13.

In adrenal glands, the biosynthesis of corticosterone
involves the activation of the Steroidogenic Acute Regulatory
(StAR) protein, P450scc, 3$-hydroxysteroid dehydrogenase
(3$-HSD),    21-hydroxylase  and  11$-hydroxylase14,15.  During
the    steroidogenesis,    the    conversion    of    cholesterol     to

pregnenolone is the early rate-limiting step. The P450scc,
located in the matrix of the inner mitochondrial membrane,
catalyzes the reaction of cleavage side chain of cholesterol to
form pregnenolone16. Transferring of cholesterol from outer to
inner  mitochondrial  membrane  is  considered  to  be the
rate-limiting   step17,18,19.  The  protein  responsible  for  the
rate-limiting step is identified as a 30 kDa protein named
Steroidogenic Acute Regulatory (StAR) protein20,21. Therefore,
both StAR and P450scc play an important role in the
regulation of steroidogenesis.

The regulation of StAR gene transcription is not fully
understood. However, Steroidogenic Factor-1 (SF-1) is
considered to be potentially important in the regulation of the
StAR gene22. The upstream of StAR gene contains binding sites
for SF-1 which has phosphorylation-dependent transcriptional
activities22, 23. Recent studies indicated that the activity of SF-1
is exerted by phosphorylated form and binds to the promoter
of StAR gene. Then, the transcription of StAR gene would be
further accelerated and the production of steroids could be
increased22. In addition to StAR, the enzymes that regulated
the steroidogenesis including cytochrome P450scc, aromatase
and 3$-HSD are also the target genes of SF-124.

Since, the role of PTU in regulating the in vivo  secretion
of corticosterone and the key proteins responsible for early
rate-limiting step of steroidogenesis remains unclear, this
study was undertaken to investigate the plasma level of
corticosterone, the expression of StAR protein, the DNA
binding activity of SF-1 and the enzyme activity of P450scc
under the interference of PTU.

MATERIALS AND METHODS

Animals: Male rats of the Sprague-Dawley strain weighing 
300-350  g  were  housed  in a temperature-controlled room
(22±1ºC) with 14 h of artificial illumination daily (0600-2000).
Food and water were given ad libitum. All animal
experimentation has been conducted humanely and in
conformance with the policy statement of the Committee of
National Yang-Ming University.

Materials: ACTH1-24, Bovine Serum Albumin (BSA),
collagenase,   Hank’s   Balanced   Sodium   Salt    (HBSS),
25-OH-cholesterol, $-actin antibodies and pregnenolone were
purchased from Sigma Chemical Co. (St. Louis, MO, USA). The
T4 RIA kit was purchased from DiaSorin Inc (Stillwater, MN,
USA). The antipregnenolone antiserum was purchased from
Biogenesis Inc. (Sandown, NH, USA). The rabbit polyclonal
antibodies and mouse monoclonal antibodies  were  from  ICN
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Pharmaceuticals,  Inc. (Aurora, OH,  USA).  The  ECL  detection 
kits  and [3H]-pregnenolone were obtained from Amersham
Life Science Limited (Buckinghamshire, UK). The liquid
scintillation fluid was from Beckman Inc. (Fullerton, CA, USA).
The polyvinylidene difluoride (PVDF) membranes were
purchased from NEN Life Science Products Inc. (Boston, MA,
USA).

Effects of PTU on plasma corticosterone and T4
concentration in rats: Male rats were separated into two
groups with 9 rats in each group. Animals were anesthetized
with ether and catheterized via the right jugular vein25. After
20 h, rats were infused with 1 mL of alkaline saline (pH 9.5) or
PTU (10 mg kgG1, pH 9.5) via a peristaltic pump for 30 min. The
blood samples were collected from jugular catheter at 0, 30,
60, 120, 180 and 240 min following infusion.

The plasma samples were collected by centrifugation at
10000×g for 1 min and the concentrations of plasma T4 were
measured by a radioimmunoassay kit26. In order to measure
the plasma corticosterone concentration, 0.1 mL of plasma
was mixed with 1 mL diethyl ether and shaken for 30 min. The
plasma samples were centrifuged at 1000×g for 5 min and
then quickly frozen in a mixture of acetone and dry ice. The
organic phase was collected, dried and reconstituted with a
buffer solution (0.1% gelatin in phosphate-buffered saline,
PBS, pH 7.5). The concentrations of corticosterone in
reconstituted extracts were determined by RIA.

Preparation of Zona Fasciculata-Reticularis (ZFR) cells: An
adrenocortical preparation enriched with ZFR cells for culture
was performed following a method described elsewhere27

with minor modification13,28. The normal male rats were
decapitated and then the adrenal glands were removed,
encapsulated and separated into inner zone (mainly zona
fasciculata and zona reticularis). The inner zone of adrenals
was incubated with collagenase (2 mg mLG1) at 37EC in a
vibrating water bath for 60 min. The ZFR cells were dispersed
by the repeated pipetting and filtered through a nylon mesh.
The cells were washed twice with Krebs-Ringer bicarbonate
buffer (K+ 3.6 mmol LG1, glucose 11.1 mmol LG1) with 0.2% BSA
medium (KRBGA), pH 7.4 and then centrifuged at 200×g for
10 min. The cell pellets were washed with 9 mL deionized 
water  to  disrupt  the  erythrocytes and the osmolarity
immediately restored with 1 mL of 10× Hank’s Balanced Salt
Solution (HBSS, pH 7.4). After centrifugation, the supernatant
was discarded and the pellets were resuspended in 3 mL of
KRBGA medium. The cell concentration and viability were
determined by the use of  a  hemacytometer  and  trypan  blue

exclusion  method.  The  viability  of  isolated  ZFR  cells was
70-75%. Cells in the culture medium were further diluted to a
concentration of 2.5×105 cells mLG1 and divided into the
plastic test tubes.

Effects of PTU on corticosterone release and protein
expressions of StAR and P450scc protein in ZFR cells: The
prepared ZFR cells (2.5×106 cells per tube) were preincubated
at 37ºC under 95% O2-5% CO2 for 1 h prior  to  incubate  with
10 mL medium with or without PTU at 12 mM in the presence
or absence of ACTH1-24 (1 nM) for 1 or 2 h. At the end of
incubation, 5 mL ice-cold KRBGA medium were added and
immediately followed by centrifugation at 100×g for 10 min
at 4ºC. The supernatant fluid was stored at -20ºC, until
analyzed for corticosterone by RIA and the cells were collected
and lysed to determine the protein expression of StAR and
P450scc by Western blot.

Effects  of  PTU  on  25-OH-cholesterol-stimulated
pregnenolone production in ZFR cells: For studying the
influence of PTU on the enzyme activities of P450scc, an
inhibitor  of  3$-HSD,  trilostane  was  used.  The  ZFR  cells
(5×104  cells  mLG1)  were primed with trilostane (10 :M) for
30  min  and  then  incubated  with  trilostane  or  trilostane
plus  25-OH-cholesterol  (0.1~100  :M)  in  the  presence  of
PTU (3~30 mM) for 1 h. The media were collected and the
concentrations of pregnenolone were measured by RIA.

Preparation  of  cell  fractions:  The  isolated  ZFR  cells
(2.5×106 cells per tube) were incubated for 1 or 2 h with or
without PTU at 12 mM in the presence or absence of ACTH1-24

(1  nM).  The  treated  cells  pellets  were  resuspended  into
200  :L  of  cold  buffer-A (10 mM HEPES, pH 7.9, 10 mM KCl,
1.5 mM MgCl2, 1 mg mLG1 leupeptin, 1 mg mLG1 aprotinin and
0.5  mM  phenylmethylsulfonyl  fluoride)  and  incubated  for
15 min on ice. After addition of 25 mL of buffer-A containing
2.5% NP-40, lysed cells were centrifuged (1,500×g for 6 min
at 4EC) and the supernatants (cytosolic fraction) were
collected and stored at -80EC. Nuclear pellets were
resuspended with buffer C (20 mM HEPES, pH 7.9, 0.45 M NaCl
and 1 mM EDTA plus protease inhibitors) and subjected to
constant shaking for 20 min at 4EC, followed by centrifugation
(20,800×g for 10 min at 4EC). The collections of the
supernatants were assigned as the nuclear fraction.

Gel-shift analysis: Electrophoretic Mobility-Shift Assays
(EMSA)  were  performed  to  assess   the   binding   activity   of
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nuclear proteins to DNA fragment derived  from  the promoter
of   rodent   StAR   gene.   The   following   sequence   of   the
StAR    promoter    region     was     used29:    SF-1    (-135/-83),
5’-CTCCCTCCCACCTTGGCCAGCACT-3’. The DNA fragments
were 3’-end-radiolabeled by polynucleotide kinase. The
treated  ZFR  cells  were  fractionated  into  nuclear  fractions.
Five-microgram   nuclear   extracts   were   incubated   with
5000 cpm of radiolabeled  DNA  probe at room temperature
for  20  min  in  a  binding  buffer  described  by  Lin  et  al.30.
Binding reactions were then electrophoresed through 6%
nondenaturing polyacrylamide gels at 150 V for 2 h at 4EC.
Gels were dried and radioactive signals were visualized by
autoradiography.

Corticosterone RIA: The concentrations of corticosterone in
both plasma and medium were determined by RIA as
described elsewhere13. With anti-corticosterone No. PSW# 4-9,
the sensitivity of corticosterone was 5 pg per assay tube. The
intra- and interassay coefficients of variation were 3.3% (n = 5)
and 9.5% (n = 4), respectively.

Pregnenolone RIA: The anti-pregnenolone antiserum was
purchased  from  Biogenesis   Inc  (Sandown,  NH,   USA).
Cross-reactivities  were  67%   with  pregnen-36-OL-20-ONE
sulphate;     19%     with     progesterone     and     <3%     with
17a-hydroxypregnenolone, cholesterol, 17a-OH-progesterone,
20a-diOH-progesterone, cortisol, deoxycorticosterone,
corticosterone, aldosterone androstenedione, testosterone,
estradiol, estrone or estriol. For the RIA system, a known
amount of unlabeled pregnenolone or an aliquot of rat ZFR
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]
was incubated with 0.1 mL pregnenolone antiserum diluted
with 0.1% gelatin-PBS plus 0.1 mL [3H]-pregnenolone at 4EC
for 24 h. Duplicated standard curves of pregnenolone were
incubated in each assay. An adequate amount (0.1 mL) of
dextran-coated charcoal (0.5%) was added and further
incubated in an ice bath for 15 min. After incubation the assay
tubes were centrifuged at 1500×g for 40 min. The
supernatant was mixed with 3 mL liquid scintillation fluid
before the radioactivity was counted in an automatic beta
counter (Beckman Coulter, Inc., Fullerton, CA, USA). The
sensitivity of the pregnenolone RIA was 16 pg per assay tube.
The inhibition curves produced by ZFR cell medium samples
were parallel with those produced by pregnenolone. The
intra- and interassay coefficients of variation were 2.5% (n = 4)
and 3.9% (n = 5), respectively.

Western blotting: The ZFR cells were collected and washed
three times with saline. The cells were lysed in lysis buffer
consisting   of  1.5%  Na-lauroylsarcosine,  2.5  mM  Tris-base,
1 mM EDTA, 0.68% phenylmethylsulfonyl fluoride (PMSF) and
2% proteinase inhibitors, pH 8.0 and disrupted by sonication
in an ice-bath.  The cell lysate was centrifuged for 12 min at
10000×g and the supernatant (cell extract) was collected. The
total protein was determined by Braford protein assay31. The
proteins were denatured by boiling for 10 min in SDS buffer
(0.125 M, 12% sucrose, 0.15 M dithiothreitol)32,33. Western
blotting  and  gel  electrophoresis  were  performed  as
previously described33,34,35 and the proteins were separated by
12% SDS-PAGE and electro-transferred to polyvinylidene
difluoride (PVDF) membrane. The membranes were washed
with  TBS-T  buffer  (0.8%  NaCl,  0.02  M  tris-base  and  0.3%
tween-20, pH 7.6) for 5 min, then blocked for 60 min in
blocking buffer (TBS-T buffer containing 5% nonfat dry milk)
at room temperature. Then, the membranes were
immunoblotted with primary antibodies (rabbit polyclonal
antibodies to P450scc 1:1000, mouse monoclonal antibodies
to StAR 1:1000 and b-actin 1:8000). Primary antibodies were
detected using anti-rabbit and anti-mouse horseradish
peroxides-conjugated secondary antibodies in 5% nonfat dry
milk of TBS-T buffer. The membranes were washed with TBS-T
buffer and then the bands of StAR or P450scc were visualized
by chemiluminescence detection.

Statistical analysis: All values are given as the Mean±SEM. In
some cases, the treatment means were tested for
homogeneity by the analysis of variance (ANOVA) and the
difference between specific means was tested for significance
by  Duncan’s  multiple-range  test36.  In  other  cases,  Student’s
t-test was employed. A difference between two means was
considered statistically significant when p<0.05.

RESULTS

Effects of PTU on plasma corticosterone and T4 in rats: The 
plasma  levels  of  corticosterone  were gradually increased
from   30-120   min   following   alkaline   saline   infusion
(p<0.01, Fig. 1, lower panel). In PTU-infused group, the plasma
corticosterone   concentrations   were   also   increased   from
30-60 min (p<0.01, Fig. 1, lower panel). As compared with
saline group, the lower plasma corticosterone concentrations
were observed at 60, 120, 180 and 240 min after PTU infusion
(p<0.05 or p<0.01, Fig. 1, lower panel). The plasma T4 level was
also examined following PTU infusion. As compared with
saline group, the plasma T4 concentrations were unchanged
by acute treatment of PTU in rats (Fig. 1, upper panel).
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Fig. 1(a-b): Effects of PTU treated in vivo on plasma
concentration of T4 and corticosterone in male
rats. Rats were infused with alkaline saline or PTU
for 30 min (black horizontal bar), each value
represents  the Mean±SE mean, *,**p<0.05 and
p<0.01 compared to alkaline saline group;
++p<0.01 compared with time at 0 min

Effetcts of PTU on corticosterone release in ZFR cells: To
investigate the acute effects of PTU on steroidogenesis in
vitro, rat ZFR cells (2.5×106 cells) were challenged with or
without ACTH (1 nM) in combination with PTU (12 mM) for 1
or 2 h (Fig.  2).  Following 1 or 2 h incubation, administration
of PTU significantly reduced the corticosterone release
compared with control group (p<0.05). The PTU resulted in a
46% (1 h incubation) and 70% (2 h incubation) decrease in
corticosterone release from ZFR cells, respectively (Fig. 2). The
ACTH at the dose of 10G9 M markedly (p<0.01) increased
corticosterone release by ZFR cells in a time-dependent
manner (Fig. 2). Administration of PTU for 1 or 2 h attenuated
the ACTH-stimulated corticosterone production by 93.6% and
97.5%, respectively (Fig. 2).

Effect of PTU on protein expression of StAR and P450scc and
the SF-1 binding site:  The  protein  expressions  of  StAR  and

Fig. 2: Effects of PTU on basal and ACTH-stimulated
corticosterone  release   in   ZFR  cells. Each column
represents   the   Mean±SEM, *,**p<0.05  and  p<0.01 
compared to vehicle group (PTU = 0 M), respectively;
++p<0.01  versus   corresponding  basal   release
(ACTH = 0 M)

P450scc were analyzed by Western blotting. Signals at 54 kDa
(P450scc) and 30 kDa (StAR protein) molecular weight were
detected in rat ZFR cells. The signal of $-actin detected by
appearance of the 45 kDa was used as an internal control.
Application of ACTH (1 nM) for 2 h markedly enhanced  the
protein expression of StAR (Fig. 3a, p<0.05). The PTU (12 mM)
significantly inhibited the basal and ACTH-stimulated protein
expression of StAR (Fig. 3a, p<0.05). Neither ACTH nor PTU
altered the P450scc protein expression (Fig. 3b). Since the PTU
abolished the protein expression of StAR protein, the previous
references showed that SF-1 potentially regulated the gene
expression of StAR. Therefore, we synthesized a 24 bp DNA
fragment corresponding to the SF-1 binding site (SF-1 binding
site, from -135/-86) of StAR promoter. Our results
demonstrated that PTU treatment of ZFR cells attenuated the
binding of ZFR cell nuclear proteins to synthetic double-
stranded oligonucleotides corresponding to SF-1 as shown in
Fig. 4. The enhanced binding activity was observed after
treatment of ACTH for 1 h. Administration of PTU decreased
the ACTH-induced binding activity to SF-1 binding site (Fig. 4).

Effects of PTU on enzyme activities of P450scc: The
conversion of cholesterol to pregnenolone is catalyzed by
P450scc, which is the rate-limiting step in steroid biosynthesis.
The intracellular pregnenolone is metabolized by 3b-HSD. An
inhibitor of 3$-HSD, trilostane was used to accumulate
pregnenolone production. Incubation of ZFR cells with
trilostane (10 :M) increased the accumulation of
pregnenolone production (Fig. 5, top, p<0.01). Administration 
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Fig. 3(a-b): Protein expression of steroidogenic acute regulatory protein (StAR) and P450scc. The ZFR cells were homogenized
and total protein concentrations were determined by Bradford assay. Sample proteins were separated by SDS-PAGE
and immunoblotted with anti-StAR, anti-P450scc and anti-$-actin antibodies, (a) To indicate StAR protein levels after
challenging with PTU (12 mM) in the presence or absence of ACTH (1 nM) and (b) To detect P450scc expression at 1
and 2 h after treatment. Each  column represents the Mean±SEM. *p<0.05 compared to vehicle group (PTU = 0 M),
respectively; ++p<0.01 versus corresponding basal release (ACTH = 0 M)

Fig. 4: Electrophoretic mobility shift analysis of binding activity to SF-1 binding sites within the StAR promoter. The nuclear
fractions of ZFR cells were subjected to gel-shift analysis to detect their interactions to SF-1 binding site. Bracket indicates
protein-DNA complex formation, PTU: Propylthiouracil, ACTH: Adrenocorticotropic hormone
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Fig. 5(a-b): Effect of PTU on pregnenolone secretion in respone to 25-OH-cholesterol (b) by ZFR cells in the presence or absence
of trilostane. Each column represents the Mean±SEM. **p<0.01 compared with PTU = 0 M, ++p<0.01 versus
corresponding basal release (a)

Fig. 6: Kinetic analysis of PTU inhibition on P450scc function. Double reciprocal plots of data were obtained from cultured ZFR
cells challenged with 25-hydroxy-cholesterol (0.1-100 µM). The Vmax of the PTU-treated group (79.26 µM) was less than
that of the control group (146.66 µM). The Km value of the both groups were almost the same

of PTU (6~30 mM) dose-dependently decreased the
pregnenolone accumulation caused by trilostane (Fig. 5, top,
p<0.05 and p<0.01). Application of trilostane in combination
with 25-OH-cholesterol caused a 3.6-fold rise in pregnenolone
production (Fig. 5, bottom, p<0.01). Administration of PTU
(3~30 mM) lowered  pregnenolone  production  in response
to 25-hydroxy-cholesterol by a dose-dependent manner
(p<0.01).

Furthermore, enzymatic studies for determining the Km
and Vmax of P450scc in vehicle and PTU-treated groups were
performed. The activity was determined by analyzing the
amount of pregnenolone produced from 25-OH-cholesterol.
The kinetic parameters, Km and Vmax were determined from
Lineweaver-Burk  plots  in  Fig.  6.  In  the  presence   of  PTU

(10 mM), 46% decrease in the Vmax as compared with control
(PTU group 79.26 ng. 5×104 cellsG1 hG1, versus control group
146.66 ng 5×104 cellsG1 hG1) was found. The Michaelis
constants (Km) were almost the same in control (4.52 mM) and
in PTU group (4.46 mM).

DISCUSSION AND CONCLUSION

Prophlthiouracil (PTU) is known to block the synthesis of
thyroid hormone by preventing the uptake and utilization of
iodide in thyroid glands. Previous studies indicated that the
chronic treatment of PTU influenced the Hypothalamus
Pituitary Adrenal (HPA) axis. These data suggested that the
lowered   plasma   level   of   corticosterone   in   PTU-induced
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hypothyroidism was caused by the deficiency of circulating T3

level rather than  the  direct effect of PTU6,7,8,9.  However, PTU-
induced hypothyroidism caused a significant reduction of CRH
mRNA expression in paraventricular nucleus10. The plasma
ACTH concentration was unchanged in PTU-treated animals
although the lower pituitary content of ACTH was observed9.
Furthermore, a morphological change was found in adrenal
cortex in PTU-treated animals12. These data suggested that
PTU might exert a direct effect on adrenal function. Previously,
the direct effects of PTU on adrenal corticosterone synthesis
in vitro28 was confirmed. In addition, PTU directly regulated the
secretory capacity of isolated testicular interstitial cells and
Leydig cells4,5. In the present study, it is investigated that how
the possible effects of PTU on StAR protein and P450scc were
responsible for rate-limiting step of steroidogenesis.

In the animal study, the effective dose of PTU to induce
hypothyroidism might be via oral intake (0.5%) or
intraperitoneal injection (20 mg per day1)9,37. Neither the level
of free PTU nor the accumulation of PTU in tissues after
treatment is detectable. In order to control the dosage effect
of PTU, the animals were treated with PTU by intravenous
infusion. According to the in vivo results, the elevated plasma
pH value and plasma corticosterone concentration was
observed following infusion with alkaline saline (pH 9.5). The
enhanced plasma pH might be a stimulant for corticosterone
release. As compared with alkaline saline treated group, PTU
infusion acutely reduced the plasma level of corticosterone.
The inhibitory effects of PTU on plasma corticosterone
persisted for at least 180 min. However, the plasma T4

concentration was not altered by acute infusion of PTU. These
results indicated that the lower plasma corticosterone
concentration was associated with the direct effects of PTU on
adrenal gland and was independent of the secretion of thyroid
hormones.

Steroid hormones secreted by the adrenal gland, testis,
ovary and plancenta are the important factors in regulating
tissue differentiation, development and homeostasis15. In all
species, the first rate-limiting reaction in the biosynthesis of
steroid hormones is the conversion of cholesterol to
pregnenolone38. The enzyme, cytochrome P450scc, catalyzes
the  cleavage  of the C20-C21-carbon and carbon bond of
sterol to produce an obligatory intermediate named
pregnenolone39. The P450scc locates in the matrix side of the
inner mitochondrial membrane and is activated only when it
is bound to the inner membrane of mitochondrion16.
Therefore, transferring of cholesterol from the outer
cholesterol-rich mitochondrial membrane to inner
mitochondrial membrane is considered to be the rate-limiting
step in the acute control of steroidogenesis17,18,38. The

candidate protein for cycloheximide -sensitive, short-acting
acute mediator of cholesterol transport between
mitochondrial membranes is identified as a 30 kDa protein
named steroidogenic acute regulatory (StAR) protein20,21. Both
StAR and P450scc play the important roles in regulating
steroidogenesis. Our in vitro (Fig. 2 and 3) data showed that
both basal and ACTH-stimulated secretion of corticosterone
were inhibited by PTU treatment. Although, 21-hydroxylase
and 11$-hydroxylase were involved in the inhibitory effects of
PTU on corticosterone production in rat ZFR cells28, the
changes in StAR and P450scc including protein expression
and/or enzyme activity caused by PTU is still unknown.
Therefore, effect of PTU on protein expression of StAR in ZFR
cells was investigated in this study. Based on the results of
Western blot, StAR protein was highly expressed in the
presence of ACTH. After treatment with PTU, both the basal
and the ACTH-stimulated expressions  of  StAR  protein  were 
diminished. The results indicated that PTU  markedly  impaired
adrenal  steroid hormone synthesis at least in part due to an
inhibition on the protein expression of StAR.

Several factors participated in StAR gene transcription
have been reported. In spite of a number of studies, the
regulation of StAR gene transcription is not fully understood.
The upstream of StAR gene contains binding sites for
transcriptional regulators such as SF-1, DAX-1 (dosagesensitive
sex reversal-adrenal hyperplasia congenital critical region on
the X-chromosome) and AP-1 (activator protein-1). However,
SF-1 is considered to be potentially important in the
regulation of the StAR gene22,40. The SF-1 has been shown to
have critical role not only in the regulation of steroidogenesis
but also the development of the gonads and adrenal
glands23,41. Several SF-1 consensus binding sites have been
found in the StAR promoter. In rats, five SF-1 sites have been
demonstrated42 and one additional site has been identified in
human beings and mice43,44. Based on the EMSA results, high
affinitive SF-1 binding site was formed at position -106 to -97
within the rat StAR promoter42. Therefore, a DNA probe was
synthesized   corresponding  to  the  SF-1  binding  site  from
-135/-86 to detect if the binding activity is influenced by
treatment of PTU. Our results showed that PTU diminished the
binding activity to SF-1 binding site following 30 min
treatment. The enhanced binding activity in response to ACTH
was attenuated by PTU administration. Therefore, a
transcriptional repression mechanism might play an important
role in mediating PTU’s inhibitory effect on StAR expression.

Numerous studies have shown that the expression and
enzyme activity of P450scc was influenced by drug
treatment26,45. Following PTU treatment, the expression of
P450scc was unchanged. Therefore, the ability of PTU to act on
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the enzyme activity of P450scc in ZFR cells was tested in this
study. The trilostane, an inhibitor of 3$-HSD, accumulated the
pregnenolone    production.   Both   the   accumulated   and
25-OH-cholesterol-evoked pregnenolone productions were
reduced dose-dependently by PTU treatment. These findings
suggested that PTU-reduced corticosterone secretion was
associated with attenuation of P450scc enzyme activity. The
P450scc activity was further examined in this study by enzyme
kinetic analysis. The data showed that the inhibitory effect of
PTU was due to a decrease of Vmax rather than a change in
Km. The PTU did not compete for binding the active site, but
prevented the catalytic event. Therefore, we found that PTU
acted as a noncompetitive inhibitor of cholesterol side chain
cleavage reaction. However, our previous study showed that
PTU resulted in a 2.2-fold increase in Km value in rat Leydig
cells4. This was consistent with a competitive inhibition
mechanism. Prophylthiouracil could influence the complex
formation of P450 scc and cholesterol in Leydig cells4. The
contrast effect of PTU on P450scc from adrenal cells and
Leydig cells might be associated with tissue-specific
mechanisms. Taken together, we found that PTU acted acutely
and directly on adrenal glands to modulate the biosynthesis
of steroid hormones.  Prophylthiouracil caused the
dysfunction of  adrenal  gland through the regulation of StAR
and  P450scc that are responsible for the first and rate-limiting
step of steroidogenesis.
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