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The reduction of A-ring of glucocorticoids to produce 5a-dihydro-derivatives by 5a-reductases has been
considered as a pathway of irreversible inactivation. However, 5a-reduced metabolites of corticosterone
and testosterone have significant biological activity. In this paper, we investigated whether toad testicu-
lar 5a-reductase (5a-Red) is able to transform corticosterone into 5a-dihydrocorticosterone. Further-
more, we studied the role of 5a-reduced metabolite of corticosterone as a glucocorticoid receptor (GR)
agonist. The activity of 5a-Red was assayed in subcellular fractions with [3H]corticosterone or [3H]testos-
terone as substrate. The enzyme localizes in microsomes and its optimal pH is between 7 and 8. The
activity is not inhibited by finasteride. These results support the conclusion that toad 5a-Red resembles
mammalian type 1 isoenzyme. Kinetic studies indicate that neither Km nor Vmax for both corticosterone
and testosterone were significantly different among reproductive periods. The Km value for testosterone
was significantly higher than that for corticosterone, indicating that the C-21 steroid is the preferred sub-
strate for the enzyme. Studies of the binding capacity of 5a-dihydrocorticosterone (5a-DHB) to the tes-
ticular GR show that 5a-DHB is able to displace the binding of [3H]dexamethasone to testicular cytosol
with a similar potency than corticosterone. The inhibition constant (Ki) values for corticosterone and 5a-
DHB were similar, 31.33 ± 2.9 nM and 35.24 ± 2.3 nM, respectively. In vitro experiments suggest that 5a-
DHB is an agonist of toad testicular GR, decreasing the activity of the key enzyme for androgen synthesis,
the cytochrome P450 17-hydroxylase, C17,20-lyase.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Glucocorticoids (GCs) are the principal peripheral effectors of
the stress system and are regulated by the hypothalamic–pitui-
tary–adrenal axis [19,54]. The amount of GCs released in response
to stressful stimuli induces a wide variety of physiological effects
on different systems, among them the reproductive system
[53,54]. In vertebrates, GCs exert their actions through the interac-
tion with at least two different intracellular receptors belonging to
the nuclear hormone receptor superfamily, type I or mineralocorti-
coid receptor (MR) and type II or glucocorticoid receptors (GR)
[27]. Additionally, rapid non-genomic actions have been proposed
for mammals, avian, fish and amphibians [8,10,24,25,43,44].

In mammalian Leydig cells, glucocorticoids (GCs) inhibit testos-
terone synthesis by different mechanisms [36,45,46,61]. However,
the access of GCs to their receptors within rat Leydig cells is regu-
lated, at least in part, by the NADPH/NADP+-dependent 11b-
ll rights reserved.

llos).
hydroxysteroid dehydrogenase or type 1 isoform (11b-HSD1)
[29–32,59].

Previous studies from our laboratory have provided compelling
evidence that the testis of the toad Rhinella arenarum, formerly
named Bufo arenarum [28,49], expresses a NADH/NAD+-dependent
11b-HSD with predominantly oxidative activity [22]. Additionally,
a cytosolic glucocorticoid receptor similar to mammalian GR was
described [23].

The enzyme 5a-reductase (5a-Red) catalyzes the reduction of
the A-ring of steroids with a 4,5 double bond and a 3-oxo-group
[52]. In mammals, this enzyme is expressed in several tissues such
as seminal vesicle, epididymis, prostate and testicular Leydig cells
[12,40,55]. In mammalian Leydig cells 5a-Red converts testoster-
one into the more potent androgen 5a-dihydrotestosterone (5a-
DHT) [56]. Currently, two subtypes of 5a-Red with specific pH-op-
tima and inhibitor sensitivities, designated type 1 and 2, have been
described in both human and rat [3,4,42].

In adult mammals, testosterone is the major secreted androgen
due to the progressive decline in 5a-Red activity after approximately
40-days of age [20,21]. In contrast, 5a-DHT has been shown to be the
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most important testicular metabolite in different amphibian species
[17,35,40,58]. Moreover, the high 5a-Red activity found in the testis
of R. arenarum is involved in the conversion not only of T into 5a-DHT
but also of progesterone into 5a-pregnan-3,20 dione [17].

In mammals, 5a-Red participates also in the metabolism of glu-
cocorticoids by the reduction of the A-ring, and 5a-reduction has
been recognized as part of the inactivating pathway [18]. However,
5a-reduced metabolites of other steroids are potent agonists at the
same receptor as their parent hormone. For instance, reduced
derivatives of progesterone may act as neurosteroids, and allopreg-
nanolone binds to the non-nuclear a-amino butyric acid, type A
receptor [50]. Previous evidences indicate that 5a-dihydrocorticos-
terone (5a-DHB) is practically devoid of glucocorticoid activity and
competes for dexamethasone binding sites much less efficiently
than corticosterone [18]. However, Baxter and Tomkins [7] found
in rat hepatoma cells that 5a-dihydrocortisol induces the enzyme
tyrosine aminotransferase to a third of the level induced by corti-
sol. In addition, 5a-reduced glucocorticoids also regulate glucone-
ogenic enzymes like phosphoenolpyruvate carboxykinase and
fructose-1,6-diphosphatase in rat liver [33] and modulate brain
excitability also in rats [12]. Moreover, MacInnes et al. [37] showed
that 5a-reduced glucocorticoids bind to and activate GR. Taken to-
gether these studies suggest that the transcription of glucocorti-
coid-regulated genes could be influenced by intracellular levels
of corticosterone and its 5a-reduced metabolites. Furthermore,
the capacity of 5a-reduced glucocorticoids to suppress inflamma-
tion has been demonstrated both in vitro and in vitro [41,62].

Amphibians, as other vertebrates, are characterized for having a
seasonal rhythm in GC concentrations with the highest levels during
breeding [39,51]. However, of equal importance of GCs delivery to
target tissues is the quantity of active hormones reaching the GR.
Therefore, a shift in the relative amounts of 11b-HSD that can activate
or deactivate GCs in target tissues could alter the physiological effects
of GCs. The toad R. arenarum is a seasonal breeder, with the breeding
season restricted to the period between September and December,
southern springtime. During breeding, males of this species show
low levels of circulating androgens [13] and high concentrations of
plasma GCs [22]. Amphibian testes in general, and R. arenarum in par-
ticular, have a high activity of 5a-Red, enzyme that could contribute
also to the modulation of GC action. However, the role of 5a-Red as a
putative contributor to the regulation of GC action in amphibians re-
mains unknown, but are vital to further understand any physiological
consequence of annual GC rhythms. Therefore, the main goal of this
paper is to study the role of 5a-Red in the regulation of GC action in
the testis of the toad R. arenarum.
2. Methods

2.1. Materials

Corticosterone (CORT), 5a-dihydrocorticosterone (5a-DHB),
dexamethasone, radioinert steroids and cofactors were from Sigma
Chemical Co. (St. Louis, MO, USA) and [3H]dexamethasone (40 Ci/
mmol), [3H]corticosterone (70.5 Ci/mmol), [7(n)-3H]pregnenolone
(18 Ci/mmol) and [1,2,6,7(n)-3H]testosterone (75.5 Ci/mmol) were
from Perkin-Elmer (Boston, MA, USA). Silica gel plates 60GF 254 on
aluminums were purchased from Merck (Darmstadt, Germany). All
other chemicals were of reagent grade.
2.2. Animals

Testicular tissue was obtained from adult male toads of R. are-
narum (150–180 g) collected all year long in a non-agricultural
area near Buenos Aires City (Argentina). Animals were housed at
ambient temperature and natural photoperiod with free access to
water and fed with crickets, zophobas and liver. Toads were anaes-
thetized with 1% MS222, in accordance with the Amphibians:
Guidelines for the Breeding, Care and Management of Laboratory
Animals (National Academy of Sciences, 1974). Testes were quickly
removed and processed according to the experiment (see below).

2.3. 5a-Reductase activity

‘For the determination of 5a-Red, testes were homogenized in
50 mM Tris–HCl buffer containing 1 mM Cl2Mg, 20% glycerol, pH
7.0 (T buffer) in a proportion of 250 mg of tissue/ml. Subcellular frac-
tions were separated from the homogenate by differential centrifu-
gation according to Pozzi et al. [48]. Briefly: after two
sedimentations of the nuclear fraction at 800g for 10 min, mitochon-
dria were sedimented from the supernatant by centrifugation at
15000g for 20 min. The pellet was washed twice with half the initial
volume of T buffer. For the separation of microsomal fraction, the
15000g supernatants were centrifuged at 105000g for 90 min. Mito-
chondria were purified by using 0.88 M sucrose. Suspensions of
mitochondria in T buffer were layered on top of 0.88 M sucrose
and centrifuged at 11500g for 20 min. The supernatant was dis-
carded and the pellet washed twice with T buffer. All steps were car-
ried out at 4 �C. All fractions were used immediately for enzyme
assays. In order to determine pH optima of 5a-Red, microsomes
were incubated in buffer consisting of 10 mM Tris and citric acid
monohydrate, pH 4.0–8.0, with 0.5 mM NADPH, in a final volume
of 1 ml. The reaction catalyzed by 5a-Red was started by the addi-
tion of 25 lM of [3H]corticosterone or [3H]testosterone, with or
without different concentrations of Finasteride (0–100 lM)
depending on the experiment, and samples were incubated for
20 min. These conditions were established by preliminary experi-
ments as the linear zones of time and enzyme curves. The reaction
was stopped with cold dichloromethane and media were extracted
twice with the same solvent. Substrate and product were separated
by thin layer chromatography (TLC) with dichloromethane:acetone
(75:5, v/v) as solvent system. The amounts of [3H]5a-DHB and
[3H]5a-DHT produced were quantified after chromatography. The
mass of the products was calculated from the known specific activ-
ities of the substrate. Positions of radioactive steroids on TLC were
determined by fluorography with EN3HANCE spray (NEN, Boston,
MA) as a fluorographic intensifier and Kodak films X-OMAT LS (Sig-
ma Chem. Co., St. Louis, MO). Standard 3-oxo-4-ene steroids were
detected by UV absorption. Primuline was used to reveal the posi-
tion of non-absorbing standard steroids [60].

Kinetic parameters, Km and Vmax, of 5a-Red were determined by
measuring the microsomal conversion of [3H]corticosterone and
[3H]testosterone for 10 min at 28 �C with different concentrations
of both substrates (0.01 to 10 lM). Protein concentration was ad-
justed so that the rate of product formation was linear for up to
10 min. After incubations, steroids were extracted, separated and
quantified as described above. Km and Vmax were estimated from
Lineweaver–Burk linearization.

2.4. Subcellular marker enzymes

Succinate-dehydrogenase (SDH) as mitochondrial marker was
determined according to Pennington [47] (1961), and glucose-6-
fosfatase (Glu-6P) for microsomes according to Aronson and Tous-
ter [6]. Inorganic phosphorous were determined by the methods of
Ames [2] (1966).

2.5. Glucocorticoid receptor binding assays

Binding assays were performed as previously described [23].
Briefly: testicular tissue was homogenized in ice-cold GR buffer
(10 mM Hepes buffer with 5 mM EDTA, 10% (v/v) glycerol,



Table 1
Subcellular distribution of 5a-Red activity.

5a-Red (A) 5a-Red (B) SDH Glu-6P

Homogenate 0.48 ± 0.11 0.28 ± 0.10 5.2 ± 1.2 2.3 ± 0.9
Nucleus 0.18 ± 0.10 0.18 ± 0.11 2.1 ± 0.9 1.9 ± 0.9
Mitochondria 0.92 ± 0.13 0.32 ± 0.09 11.3 ± 1.2 2.9 ± 1.0
Mitochondria⁄ N.D N.D 31.0 ± 3.4 N.D
Microsomes 2.50 ± 0.38 0.71 ± 0.26 0.6 ± 0.2 29.7 ± 3.8
Citosol N.D N.D N.D N.D

5a-Red activity was measured with 25 lM of [3H]corticosterone (A) or testosterone
(B) as substrates and 25 lg protein in T buffer. NADPH concentration was 0.5 mM.
Incubation time was 20 min at 28�. Glu-6P, glucose 6-phosphatase; SDH, succinate
dehydrogenase; Mitochondria⁄, purified mitochondria; ND, non-detectable. Values
represent means of five triplicate experiments ± SE.
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20 mM Na2MoO4 and 0.1 mM PMSF, pH 7.4). Cytosolic fraction was
prepared from the homogenate by differential centrifugation [48].
Protein concentration was estimated by the method of Bradford
[9]. Binding was assayed in triplicate employing 400–600 lg cyto-
solic proteins and 3.5 nM [3H]dexamethasone in GR buffer. Binding
parameters were obtained by the displacement of [3H] dexameth-
asone specific binding with different concentrations of unlabeled
dexamethasone, corticosterone or 5a-DHB (2.5–1000 nM). All
incubations were carried out in a final volume of 0.5 ml at 4 �C.
After equilibrium was reached, unbound [3H]dexamethasone was
removed by the incubation with an equal volume of charcoal-dex-
tran (2%:0.2%) in PBS, pH 7.4 during 20 min and subsequent centri-
fugation. Specific binding was calculated by subtracting non-
specific binding obtained in parallel samples after the addition of
a 1000-fold excess of unlabeled dexamethasone. Binding parame-
ters - dissociation constants (Kd) and the number of binding sites
(B) – were obtained employing the Ligand Programme (Ligand
Software David Rodbard, NIH).

2.6. Long-term in vitro incubations

Testes were quickly dissected under sterile conditions, placed
on Leibovitz (L15) culture medium, and fat bodies, mesorchia
and Bidder’s organ were removed. Testes were cut into slices of
approximately 2 mm thick (approximately 20 mg). Slices were
individually transferred to culture plates containing 2 ml L15–
10 mM Hepes-10% fetal bovine serum (FBS) plus antibiotic (peni-
cillin, 100 IU/ml, streptomycin, 0.1 mg/ml) and antimycotic
(amphotericin B, 0.25 mg/ml) [14]. Fetal bovine serum was inacti-
vated at 55 �C and depleted of steroids by charcoal:dextran treat-
ment prior to use. Testicular explants were cultured for 24 h
with different concentrations of dexamethasone or 5a-DHB. After
incubations, slices were individually homogenized for the determi-
nation of the cytochrome P450 17-hydroxylase, C17,20-lyase
(Cyp450c17) activity, a key enzyme in androgen biosynthesis.
The activity of Cyp450c17 was measured in 50 mM potassium
phosphate buffer, pH 7.4, containing 0.1 mM EDTA, 0.4 mM b-
mercaptoethanol, 3 mM MgCl2 and 20% glycerol (T buffer). Enzyme
activity was determined according to Fernández Solari et al. [26] as
follows: 200 lg proteins of the homogenate were incubated for
10 min with 5 lM [3H]pregnenolone in T buffer, pH 7.4, containing,
0.5 mM NADPH and 1 IU/ml glucose-6-phosphate dehydrogenase.
Pregnenolone, dehydroepiandrosterone and 17-hydroxypregneno-
lone were separated by TLC using methylene chloride: acetone
(75:5, v/v). The specific activities of the enzymes were expressed
as pmole of product/min/mg of protein. Positions of radioactive
steroids on TLC were performed as described before.

2.7. Western blot analysis

Homogenates from fragments used in long-term in vitro incuba-
tions were also processed for Western blot to detect changes in the
total amount of Cyp450c17 protein. For this purpose, 100 lg of
proteins mixed with sample buffer (40 mM Tris–HCl, 2% sodium
lauryl sulfate (w/v), 4% glycerol (v/v), 0.001% bromophenol blue
(w/v), 2 mM b-mercaptoethanol, pH-6.8) were electrophoresed at
130 V in a 10% sodium dodecyl sulfate–polyacrylamide gel (SDS–
PAGE). After electrophoresis, proteins were transferred to PVDF
membranes (Hybond LFP, Amersham) at 300 mA for 90 min. After
transference, membranes were incubated in phosphate buffered
solution containing 0.1% Tween-20 (PBS-T) and 3% peroxide hydro-
gen for 10 min and blocked for 1 h at room temperature in PBS-T
containing 5% low-fat powdered milk. Incubations with primary
antibodies were performed overnight at 4 �C in PBS-T with 0.4
ug/ml of rabbit polyclonal anti mouse Cyp450c17 antibody (Santa
Cruz Biotechnology, Santa Cruz, CA) and 0.4 lg/ml of rabbit anti ac-
tin antibody (Santa Cruz Biotechnology, Santa Cruz, CA). Then,
membranes were incubated with the secondary antibody coupled
to horse radish peroxidase (0.2 lg/ml goat antirabbit IgG, Chem-
icon International, USA). Immunopositive bands were visualized
by using enhanced chemiluminiscent detection reagent (1.25 mM
luminol, 0.198 mM cumaric acid, 0.038 v/v H2O2, 100 mM Tris–
HCl buffer) in a Fujifilm LAS-1000 chemiluminescent detection sys-
tem. Densitometric analysis of corresponding bands was per-
formed with ImageGauge software (Fuji photo film CO., LTD,
Altura Software, Inc). In order to validate the semi-quantitative
method, the relationship between protein concentration and opti-
cal density was analyzed. This ratio was linear in the range of the
concentration used (30–100 lg of protein).

2.8. Radioactivity determination

Radioactivity was measured by liquid scintillation counter.
Scintillation counting was carried out with Wallac 1409 DSA
equipment (Wallac Co, Turku, Finland). The scintillation cocktail
for all samples was OptiPhase-Hi safe 3 (Wallac Co, Turku, Finland).

2.9. Statistical analysis

Results were expressed as means standard error. In binding as-
says and Western blot analysis, a randomized block design was
used to minimize the variability between experiments. Two-way
ANOVAs followed by Tukey’s multiple comparisons tests were
used to detect significant differences among treatments and exper-
iments. Statistical analyses were performed with STATISTICA 6.0
(StatSoft, Inc., Tulsa, OK). Differences were considered significant
with P < 0.05. Before statistical analysis data were tested for nor-
mality and homoscedasticity by using Lilliefors and Bartlett’s test,
respectively. Data from the Western blot analysis were log trans-
formed [ln(X + 1)] to correct for heteroscedasticity.

3. Results

3.1. Subcellular distribution

The activity of 5a-Red was assayed in subcellular fractions ob-
tained by differential centrifugation using [3H]corticosterone or
[3H]testosterone as substrate. Table 1 shows that 5a-Red activity
was localized in the microsomal fraction regardless of the sub-
strate employed. After additional purification of mitochondrial
fraction, the 5a-Red activity in this fraction decreased along with
the Glu-6Pase activity, a microsomal marker, to become non-
detectable.

3.2. pH preference

The pH preference of enzyme activity is a criterion for identify-
ing 5a-Red subtypes. Fig. 1 shows the activity of microsomal 5a-



Fig. 2. Effect of different concentrations of Finasteride on 5a-Red activity. 5a-Red
activity was measured with 25 lM of [3H]corticosterone or testosterone as
substrates and 25 lg protein in Tris–HCl buffer, pH 7.5, and 0.5 mM NADPH.
Incubation time was 20 min at 28�. Specific activity is expressed as nmole/min/mg
protein. Values represent means of four triplicate experiments ± SE.

Table 2
Kinetic parameters of 5a-Red.

Epoca Km (nM) Vmax (pmoles DHB/min�mg prot)

Pre-reproductive 509.7 ± 53.6 2.7 ± 0.6 (n = 6)
Reproductive 687.9 ± 160.1 3.0 ± 0.8 (n = 6)
Post-reproductive 519.3 ± 33.3 2.6 ± 0.5 (n = 9)

Kinetic parameters corresponding to different seasons. Km and Vmax were obtained
after Lineweaver–Burk linearization. Values were measured by using different
concentrations of corticosterone (2.5–1 lM) in the presence of 0.25 mM NADPH at
pH 7.0. Values are expressed as media ± SE. Number of assays is between brackets.

Table 3
Kinetic constants for 5a-Red activity.

Substrate Km (nM) Vmax (nmole/min/mg protein)

Corticosterone 569 ± 59⁄⁄ 2.39 ± 0.14⁄⁄

Testosterone 1190 ± 230⁄⁄ 2.74 ± 0.09⁄⁄

Km and Vmax were measured with various concentrations (0.01 to 10 lM) of either
corticosterone or testosterone with 0.5 mM NADPH in T buffer. Km and Vmax were
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Red in a pH-range between 4.0 and 8.0 with testosterone or corti-
costerone as substrates. The activity increases at pH 6.0 with both
substrates and keeps constant as far as pH 8.0. However, at more
acidic pH values (4.0–5.0), very low activity was detected. There-
fore, the optimal pH of toad testicular 5a-Red resembles the mam-
malian type 1 isoenzyme [1].

3.3. Effect of Finasteride on 5a-Red activity

Finasteride (FIN) is an inhibitor of mammalian 5a-Red type 2
enzyme at nmolar concentrations (Ki = 3–5 nM). In contrast, FIN
is a relatively poor inhibitor of mammalian 5a-Red type 1
(Ki P 300 nM) [1,34]. Fig. 2 shows that FIN was unable to signifi-
cantly inhibit 5a-Red activity, even at micromolar concentrations.
This result additionally supports the conclusion that toad 5a-Red
resembles mammalian type 1 isoenzyme.

3.4. Kinetic studies

Kinetic parameters, Km and Vmax, of 5a-Red were determined in
three different periods: pre-reproductive (Pre-R) from April to Au-
gust, reproductive (R) from September to December, and post-
reproductive (Post-R) from January to March. Pre-R and Post-R
periods correspond to that previously defined as non-reproductive
period in this species [13]. Neither Km nor Vmax for both corticoste-
rone and testosterone were significantly different among repro-
ductive periods (Table 2). Thus, the Km and Vmax values from
different periods were pooled to get a unique value of each param-
eter. As shown in Table 3, the Km value for testosterone was signif-
icantly higher than that for corticosterone, indicating that the C-21
steroid is the preferred substrate for the enzyme.

3.5. Competition experiments

To characterize the binding capacity of 5a-DHB to the testicular
GR, the specific binding of [3H] dexamethasone to cytosol was dis-
placed with radioinert dexamethasone, corticosterone and 5a-
DHB. Competition studies show that 5a-DHB displaced the binding
of [3H]dexamethasone with a similar potency than corticosterone
(Fig. 3). The inhibition constant (Ki) values for corticosterone and
5a-DHB were similar, 31.33 ± 2.9 nM and 35.24 ± 2.3 nM, respec-
Fig. 1. pH profile of 5a-reductase activity in microsomal fraction in the pH range of
4.0–8.0 with 0.5 mM NADPH as cofactor and 25 lM testosterone or corticosterone
(DHB) as substrates. DHT, 5a-dihydrotestosterone; DHB, 5a-dihydrocorticosterone.
Incubations were carried out for 20 min at 28 �C in 10 mM Tris and citric acid
monohydrate buffer, pH 4.0–8.0 with a concentration of 0.5 mM NADPH. After
incubations, substrates and products were separated as described in Section 2.
Specific activity is expressed as nmole/min/mg protein. Values are expressed as
means of four triplicate experiments ± SE.

calculated by Lineweaver–Burk linearization. Values represent means of four trip-
licate experiments ± SE. ⁄⁄: differences were significant between substrate s with
p < 0.01.
tively, indicating that 5a-DHB could compete efficiently with cor-
ticosterone for GR. The Kd value for dexamethasone was
12.4 ± 1.2 nM.
3.6. Effects of dexamethasone and 5a-DHB on Cyp450c17 activity and
protein level

In order to determine whether 5a-DHB is an agonist or an
antagonist of GR, the effect of dexamethasone and 5a-DHB on
the activity of Cyp450c17 was examined. Fig. 4 shows that 150
and 1500 nM dexamethasone significantly inhibited the activity
of the key enzyme for androgen biosynthesis, Cyp450c17. At the
same concentrations 5a-DHB evoked a similar response. This re-
sult is consistent with an agonistic activity of 5a-DHB. The effect
of 5a-DHB on Cyp450c17 was also determined by Western blot
analysis. As shown in Fig. 5 and 24 h treatment with 150 and
1500 nM 5a-DHB, and 1500 nM of dexamethasone produced a sig-
nificant decrease in the amount of protein.



Fig. 3. Displacement curves of specific binding of [3H]dexamethasone by various
steroids. Testes of six toads were employed in each experiment. Error bars
correspond to standard deviations. Results correspond to 5 independent
experiments.

Fig. 4. Effect of dexamethasone and 5a-DHB on Cyp450c17 activity. Testes were
cultured with different concentrations of dexamethasone and 5a-DHB. After 24 h
incubation, enzymatic activity was determined as describe in Section 2. Activity is
expressed as nmole/min x mg protein. Results correspond to 6 independent
experiments ± SE. Different letters mean significant differences among concentra-
tions after 24 h with P<0.05.

504 A.J. Tesone et al. / General and Comparative Endocrinology 176 (2012) 500–506
4. Discussion

The action of GC on Leydig cells is determined by several fac-
tors. Undoubtedly, the concentration of plasma GCs is an important
issue to take into account, particularly in cold-blooded vertebrates
having marked changes in this parameter. In amphibians, an in-
crease in GC concentration during the breeding season has been
clearly demonstrated in several species [39,51]. Nevertheless, there
are other factors determining the sensitivity of one particular cell
to GC action. For instance, the expression in target tissues of an
11b-HSD with oxidative activity, could decrease the local concen-
tration of GCs to an insufficient level for the activation of GR. Con-
currently, an increase in the number and affinity of GR could
Fig. 5. Effect of dexamethasone and 5a-DHB on Cyp450c17 protein level. After treatm
performed with the cell homogenate. (a) Membrane corresponding to one representative
of Cyp450c17 were normalized to the corresponding actin level and expressed as the ra
(n = 5 for DEX treatment and n = 4 for -DHB treatment) ± SE. Upper case letters and lowe
DEX or DHB, respectively. Different letters mean significant differences between treatm
increase the sensitivity to GCs. Concomitantly, the amount of plas-
ma binding proteins could be involved in the regulation of the cel-
lular response to GC. For instance, corticosteroid binding globulin
(CBG) binds GC with high affinity and therefore could regulate
the availability of these hormones. The binding of GCs to CBG
may serve as a buffering mechanism regulating the amount of free
hormone that enter target tissues, or alter GC clearance rates
[11,63]. Nevertheless, there is another factor that has not been tak-
ing into account, the expression and activity of 5a-Red in GC target
tissues, like testicular Leydig cells.

As described in several species, amphibian testes produce high
quantities of 5a reduced-steroids such as 5a-DHT and 5a-preg-
nanedione [5,17,35,58], making them an excellent model to study
the role of 5a-Red in the regulation of GC availability.
ents, testes were processed as described in Section 2. Western blot analysis was
experiment. (b) Densitometric analysis of Cyp450c17-immunoreactive band. Values
tio treatment/control. Values are expressed as means of the different experiments

rcase letters are used to denote significant differences between the treatments with
ents with p < 0.05.
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In R. arenarum, testicular 5a-Red is an enzyme associated with
the microsomes with no detectable activity in nuclear fraction.
Classically, mammalian type 1 and 2 5a-Red activities are charac-
terized by their pH optima. Type 2 5a-Red can indeed be assessed
by its narrow pH-profile, with higher activity at pH 5.0 [57]. Fur-
thermore, FIN specifically inhibits type 2 enzyme at nmolar con-
centrations. Distinctly, the mammalian type 1 5a-Red has a
broad pH-optima [57] and FIN is a poor inhibitor of its activity
[34]. The pH-profile of 5a-Red activity in toad testis reveals mini-
mal activity at pH 5.0 and high activity at pH values up to 6.0,
when testosterone or corticosterone are used as substrates.

As shown in mammals, in toad testes the microsomal enzyme
utilizes pregnene and androstene steroids as alternative substrates
with NADPH as a cofactor. However, toad testicular enzyme has a
greater affinity for corticosterone than for testosterone.

This study demonstrates not only that the testis of R. arenarum
is able to 5a-reduce glucocorticoids but also that 5a-DHB binds to
GR in testicular cells with an affinity similar to corticosterone. To
address whether 5a-DHB binds to GR as an antagonist or agonist,
we investigated the GR-dependent responses in testes. The results
indicate that the 5a-reduced metabolite is able to induce a re-
sponse similar to dexamethasone by decreasing the activity of
Cyp450c17. The difference between the decrease of the activity
and the diminution in the amount of protein could be due to post-
translational modifications and/or GC-dependent changes in the
quantity of the cytochrome b5 [38]. Together, these findings imply
that, when present at physiological concentrations, 5a-reduced
glucocorticoids could contribute to GR activation. Potentially, this
could also happen wherever 5a-reductase was expressed, includ-
ing glucocorticoid target tissues such as liver and adipose tissue.
This work also provides further evidence for another intracrine
mechanism, over and above the influence of 11b-hydroxysteroid
dehydrogenases, by which concentrations of active glucocorticoids
could be modulated independently of circulating corticosterone
levels [23]. Whether 5a-reductase contributes to GR activation is
now the subject for further investigations that should also be
aimed to address the physiological result of the competition be-
tween the activating action of 5a-Red and the inactivating activity
of 11b-HSD. Moreover, the effect of 5a-DHB on Cyp450c17 activity
and protein level may be part of the mechanism of the switch in
steroidogenic capability of toad testes that occurs during the repro-
ductive season [13] along with other factors such as, FSH and
mGnRH [14–16]. This fact is of particular interest since it was dem-
onstrated that GC serum levels increase during reproductive sea-
son in several amphibian species [39,51].

Taken together, these studies demonstrate for the first time in
amphibian testis that 5aRed has the capacity to reduce corticoste-
rone into its agonistic derivative, 5a-DHB. Besides, the conversion
of testosterone and corticosterone into 5a-DHT and 5a-DHB,
respectively, is catalyzed by one enzyme with higher affinity for
corticosterone than testosterone. In addition, 5aRed activity exhib-
its the same pH dependence for both substrates lacking activity at
the more acidic pH and having broad pH-optima for both sub-
strates. Furthermore, FIN has no effect on the transformation of
both substrates. These characteristics suggest that toad testis ex-
press a 5a-Red possessing features similar to type 1 mammalian
enzyme.
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