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Evidence for the participation of calcium in
non-genomic relaxations induced by androgenic
steroids in rat vas deferens

SSL Lafayettel, [ Vladimirova?, L Garcez-do-Carmo, PT Monteforte, A Caricati Neto
and A Jurkiewicz

Department of Pharmacology, Federal University of Sdo Paulo, Sdo Paulo, Brazil

Background and purpose: Androgens cause non-genomic relaxation in several smooth muscle preparations. However, such
an effect has not been investigated in rat vas deferens yet. Our purpose was to study the effect of testosterone and derivatives
in this tissue.

Experimental approach: The influence of androgens was tested on contraction and translocation of intracellular Ca®*
induced by KCl in rat vas deferens in vitro.

Key results: The testosterone derivative 5a-dihydrotestosterone produced a rapid and reversible concentration-dependent
relaxation of KCl-induced contractions. Other androgens were also effective, showing the following rank order of potency:
androsterone > 5B-dihydrotestosterone >androstenedione > 5a-dihydrotestosterone > testosterone. Calcium-induced
contractions were also inhibited (about 45%) by 5a-dihydrotestosterone (30 uM). Moreover 5a-dihydrotestosterone blocked
the increase of intracellular Ca’" induced by KCl, measured by the fluorescent dye fura-2. Relaxation to 5a-
dihydrotestosterone was resistant to the K* channel antagonists glibenclamide, 4-aminopyridine and charybdotoxin. It was
not affected by removal of epithelium or by L-NNA (300 uMm), an inhibitor of nitric oxide biosynthesis, nor by selective inhibitors
of soluble guanylate cyclase, ODQ or LY 83583, indicating that nitrergic or cGMP mediated mechanisms were not involved.
The androgen-induced relaxation was also not blocked by the protein synthesis inhibitor cycloheximide (300 um) or by the
classical androgen receptor flutamide (up to 100 uMm), corroborating that the effect is non-genomic.

Conclusions and implications: Testosterone derivatives caused relaxation of the rat vas deferens, that did not involve
epithelial tissue, K™ channels, or nitric oxide-dependent mechanisms, but was related to a partial blockade of Ca®™ influx.
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Introduction

It has been well established that male sex steroid hormones
exert their classical biological effects by binding to nuclear
receptors that modulate specific gene transcription and
subsequent protein synthesis. These are relatively slow
phenomena known as genomic effects (Beato and Klug,
2000). In addition, several reports have demonstrated other
effects of steroids with a rapid onset and short duration in
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some isolated cells and tissues, including brain (McEwen,
1991; Brann et al., 1995), smooth muscles from cardio-
vascular (Yue et al., 1995; Costarella et al., 1996; Jones et al.,
2004), gastrointestinal (Diaz et al., 2004), respiratory
(Kouloumenta et al, 2006) and genitourinary systems
(Perusquia et al., 2005) and other cell types (Losel et al.,
2005). This rapid action is assumed to be non-genomic, being
initiated at the plasma membrane and supported by the
existence of steroidal membrane receptors in several tissues
(Blackmore et al., 1991; Farach-Carson and Davis, 2003; Losel
et al., 2005). However, the mechanism of action of these non-
genomic effects of steroids is still not totally understood
(Farach-Carson and Davis, 2003; Losel et al., 2003).

In smooth muscle, the mechanism for non-genomic
steroid-induced relaxations has been studied by a number



of authors (Jones et al., 2003). For instance, this effect may
involve alterations of the function of cation channels, such
as K™ channels (Yue et al., 1995; Valverde et al., 1999;
Tep-Areenan et al., 2002; Diaz et al., 2004) and Ca?*
channels (Jiang et al., 1992; Nakajima et al., 1995; Perusquia
et al., 1996, 2005; Perusquia and Villalén, 1999). In addition,
the acute non-genomic effects of steroids on vascular
smooth muscles have been shown to be dependent, in some
cases, on the presence of endothelial cells, probably due to
the release of endothelial-derived relaxing factors (Costarella
et al., 1996). Alternatively, the steroids can affect cyclic
nucleotide signalling pathways (Migge et al., 1993; White
et al., 1995; Rodriguez et al., 1996; Deenadayalu et al., 2001).

It is known that the effects of male hormonally active
steroids are the sum of the action of testosterone with other
steroids, such as the 5-a-reduced dihydrotestosterone. This is
the case of the rat vas deferens, an androgen-sensitive organ,
which requires male sex hormones for growth and for
structural and functional maintenance. Several publications
have shown the genomic influence of sex hormones on vas
deferens mostly in vivo (Martins and Valle, 1939; Calixto
and Rae, 1981; Calixto et al., 1983). For instance, we have
previously demonstrated that after deprivation of endogenous
androgens by castration, the calcium channel density is
drastically reduced in vas deferens, which is restored to
control values if the rats are chronically treated with
testosterone (Castillo et al.,, 1992; Lafayette, 1997). In
conclusion, these previous chronic studies can be related to
a genomic effect of the steroid, whereas a direct, non-genomic
acute effect of testosterone or derivatives on vas deferens
contractility has not yet been demonstrated in this organ.

The aim of this experiment was to study the acute
inhibitory effect of androgens in the rat vas deferens.
Therefore, we studied the effect of some sex hormones, such
as testosterone (17p-hydroxy-4-androsten-3-one), Sa-dihy-
drotestosterone (So-DHT) (17B-hydroxy-5a-androstan-3-one),
5B-dihydrotestosterone  (SB-DHT) (17B-hydroxy-5B-andro-
stan-3-one), androsterone (3a-hydroxy-5o-androstan-17-one)
and androstenedione (4-androstene-3-17-dione), in tissues
contracted with KCI. The initial tests were carried out with Sa-
DHT, an endogenous So-reduced metabolite of testosterone.
We analysed the role of epithelium, nitric oxide, cyclic GMP
and K" channels on 5¢-DHT effects. We have also examined
the role of calcium translocation by making measurements of
Ca®"-induced contractions and changes on intracellular
Ca®" concentration.

Materials and methods

Preparation of the rat vas deferens

All animal procedures and experiments were conducted in
accordance with the Guide for Care and Use of Laboratory
Animals (US National Academy of Science). The experiments
were performed on vasa deferentia of 3- to 4-month-old male
Wistar rats weighing 250-300g. The animals were killed
under ether anaesthesia. The whole vas deferens was
removed, cleaned of surrounding tissues and washed in a
nutrient solution with the following composition (mm):
136.0 NaCl, 5.6 KCl, 1.8 CaCl,, 0.36 NaH,PO4, 15.0 NaHCO3
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and 5.5 dextrose, pH 7.4. The organ was then placed in a
temperature-controlled organ bath containing 10ml of
nutrient solution, continuously bubbled with air and
maintained at 30 °C, as previously described (Picarelli et al.,
1962; Jurkiewicz et al., 1975). The organs were equilibrated
for 30 min under a resting tension of 1 g before use. After this
period, isotonic contractions were recorded on kymographs,
with tangential levers, giving a sixfold amplification.

Effect of 50-DHT on rat vas deferens

After the equilibration period, the vas deferens was usually
contracted three times with a single concentration of KCl
(80 mM) at intervals of about 30 min between two successive
doses. The KCI responses were recorded during 10 min and
the organs were washed out three times about every 10 min
between successive responses. When similar contractions
were obtained, cumulative concentrations of steroids,
mainly S5o-DHT (1puM-1mM) were applied during the
sustained phase of contraction of KCl, to measure the
corresponding relaxation. In some experiments, to evaluate
the participation, or not, of a genomic mechanism on the
effect of 50-DHT, the protein synthesis inhibitor cyclohexi-
mide (300 uM) or a non-steroidal antagonist of the classical
androgen receptor, flutamide (2-methyl-n-[nitro-3(trifluoro-
methyl)-phenyl] propanamide, 10-100 pM), was added to the
organ bath 30 min before adding KCI and maintained during
the exposure to 50-DHT. In other experiments, the epithe-
lium was removed as previously described (Caricati-Neto
et al., 1995; Okpalaugo et al., 2002) before placing the vas
deferens in the organ bath. As a rule, instead of 50-DHT,
the corresponding solvent dimethylsulphoxide (DMSO
0.05-1.5%) was used as a control.

In another group of experiments, So-DHT (30uM) or
control solvent DMSO (0.3%) was incubated 20 min before
and maintained during the performance of a full cumulative
concentration-response curve of KCl (1-300mMm). After
washout, the procedure was repeated by adding one of the
agents listed below, 10 min before the addition of 5a-DHT, to
check their influence on the effect of the steroid upon KCI:
(a) N“-nitro-L-arginine (1I-NNA, 300uM), which inhibits
nitric oxide (NO) production through inhibition of NO
synthase, (b) the selective inhibitors of soluble guanylate
cyclase, ODQ (1H-[1,2,4]oxadiazole[4,3-a]quinoxalin-1-one)
or LY 83583 (6-anilino-5,8-quinolinedione) and (c) the K*
channel inhibitors charybdotoxin (0.1 pM), 4-aminopyridine
(10puM) and glibenclamide (30 uM), to examine the role, if
any, of K* channels.

To test the possibility of a Ca?* channel-blocking effect of
S50-DHT, the vasa deferentia were depolarized with 80 mM
KCl in the absence of Ca®" and presence of EGTA (1 uM),
followed by a single concentration of CaCl, (10mM), to
evoke a contraction. This process was repeated until a
reproducible response was obtained. At this point, 5a-DHT
(30 uMm) or control DMSO (0.3%) was added 20 min before the
next addition of Ca®*.

Intracellular Ca®* measurement with fura-2
A strip (about 1.0 cm x 0.1 cm) of prostatic segment of rat vas
deferens was mounted in a small quartz cuvette filled with
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2.5ml of a Krebs solution with the following composition
(mM): NaCl 119, KCl 5.4, CaCl; 2.5, KH,PO,4 0.6, MgSO4 1.2,
NaHCO; 25, glucose 11.7, bubbled with a mixture of 95%
O, and 5% CO,, at 37 °C. One end of the strip was connected
to a strain gauge transducer to monitor the isometric
tension under a resting tension of 1.0g. Simultaneous
registration of isometric tension and calcium-induced fluor-
escence were recorded. Fluorescence measurements were
performed in a PTI System (Photon Technology Interna-
tional Inc., Monmouth Junction, NJ, USA) with excitation
wavelengths at 340 and 380nm and emission at 505 nm.
At the beginning of experiments, the ratio 340/380 was
measured before and after drug applications. After 15 min
washing, fura-2AM (8 uM) and the non-cytotoxic detergent
Pluronic F-127 (0.08%) were added for 5-6h at room
temperature. Then the strip was washed with fresh Krebs
solution at 37 °C. KCl-induced contraction was recorded for
S min in the absence or presence of 5o-DHT (30 uM) or DMSO
(0.3%) incubated 20 min before KCI addition. At the end of
the experiments, the minimum ratio (Rnmin) was obtained by
addition of Mn?* (2mm) followed by EGTA (4 mM) and the
maximal ratio (Rm,x) Was obtained by addition of digitonin
(0.1 mm).

Androgen potency

To compare the potency of 5x¢-DHT, the relaxations by
testosterone, S5B-DHT, androsterone and androstenedione
were evaluated on KCl-sustained contraction.

Data presentation and statistical analysis

The responses were measured in millimetres and expressed as
percentages of a control or standard response, to be analysed
by the Graph Pad Prism computer program. The following
variables were derived: E ., the maximal relaxation induced
by the steroid of the KCl-induced contraction and ECsg, the
concentration of the steroid inducing 50% of the Ejax
relaxation. The parameters obtained were expressed as
means ts.e.mean and the number of experiments (1) was
at least six in each case, unless otherwise stated. Statistical
analysis was carried out by using the Student’s t-test, and
significance was accepted at P<0.05.

Drugs

The following drugs and reagents were used: Sa-DHT
(17B-hydroxy-Sa-androstan-3-one), 5B-DHT, androsterone,
androstenedione 1-NNA, LY 83583, glibenclamide, 4-ami-
nopyridine, charybdotoxin, flutamide (2-methyl-n-[nitro-
3(trifluoromethyl)-phenyl]propanamide) and cycloheximide
from Sigma Chemical Co., St Louis, MO, USA. Isradipine
from RBI, Natick, MA, USA, and (+)-[*HJisradipine
(86 Cimmol ') from New England Nuclear, Boston, MA,
USA. ODQ, from Tocris, Bristol, UK, fura-2/AM from
Molecular Probes, Oregon, USA and DMSO from Synth, SP,
Brazil. All chemicals were reagent grade. The stock solution
of 5¢-DHT was dissolved in DMSO and added to the organ
bath with a final DMSO concentration varying from 0.05
to 1.5%.
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Results

Effect of 50-DHT on KCl-induced tonic contraction

To check the inhibitory effect of 5a-DHT, two main groups of
experiments were carried out as shown in Figure 1. In the
first group (Figures 1a and b), a tonus (sustained contraction)
was induced by a single dose of KCl (80 mM), and thereafter
cumulative concentrations of androgen were added, to
obtain concentration-response curves for relaxation. In
relation to this group, Figure 1a shows a typical recording
of an experiment in which 5¢-DHT caused a concentration-
dependent relaxation of KCl-induced contraction. The
relaxation was observed within a few seconds after the
addition of androgen, reaching an equilibrium for each
concentration within about 6 min and attaining a maximum
when usually the last of seven cumulative concentrations
was added, after about 40 min. The corresponding concen-
tration-response curve for Sa-DHT-induced relaxation over a
range from 10 to 300 M, yielded a maximal inhibition of
KCl contraction (Epax) of 84.3 £2.7% (Figure 1b). The mean
concentration of 5o-DHT producing a half of the Ejax
relaxation (ECsgts.e.mean) was 62.0£10.2 uM. This effect
was completely reversible after washout.

In the second group of experiments (Figure 1c), a single
dose of androgen (30pM) was initially added, followed,
20min later, by a cumulative concentration-response curve
for KCl, to check for the antagonism, by comparing this
curve with that of control KCI. In relation to this group, it
was observed that 5¢-DHT did not induce any noticeable
effect when added alone to the organ bath. However,
it produced a significant inhibition on KCI concentration—
response curve with a decrease of about 37% of the maximal
response as shown in Figure 1c.

Effect of 5a-DHT on Ca®* contractile response

To evaluate the possible relation with a Ca®"-dependent
process, 5a-DHT was assayed on Ca?"-induced contractions
in a Ca®*-free, K* -depolarization medium. Figure 2a shows
that Ca®* (10mM) contractions were significantly reduced
by about 45% after pre-incubation for 20 min with 5¢-DHT
(30 pM), indicating that a decrease of calcium translocation
was involved in the steroid relaxation.

Effect of 50-DHT on calcium intracellular translocation

Figures 2b1l and b2 show a typical record from strips of rat
vas deferens in which real-time KCl-induced contraction and
increase of intracellular calcium concentration, [Ca%™*];, were
measured simultaneously in the same tissues. It is clear that
both the contraction and increase of [Ca®*]; were strikingly
reduced by 5¢-DHT. This finding is an additional demonstra-
tion that a reduction of calcium translocation is involved in
the effect of the steroid. The effects were reversed after
washout (not shown).

Effect of 50-DHT in epithelium-free vas deferens
To assess if the androgen-induced relaxation was due to the
release of inhibitory agents from epithelium, experiments
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Figure 1

Relaxing effect of 5a-dihydrotestosterone (5¢-DHT) on rat vas deferens. (a) Schematic tracing of a typical experiment. The tissue

was pre-contracted with KCI (80 mM added at triangles) followed by adding 5¢-DHT (at dots) to obtain the corresponding cumulative
concentrations (—log values shown). Arrows indicate recording interruption (30 min) for organ washout (W); (b) mean concentration-response
curves of 5aDHT or dimethylsulphoxide (DMSO) (control) on KCI contraction, (c) effect of pre-incubation of 30 umM of 5a-DHT on KCI
concentration-response curves. 5¢DHT or DMSO, 0.3% (control) was added 20 min before KCI. Data are expressed as percentage of the
maximum effect of the initial curve for KCl (mean + s.e.mean, n=6). *Maximal effects (with 5a-DHT) are significantly different (P<0.05) from

the corresponding controls.

were carried out using the vas deferens after removing
the epithelium shortly before, as previously described
(Caricati-Neto et al., 1995; Okpalaugo et al., 2002).
The inhibitory concentration-response curves of 5a¢-DHT
show that no significant differences were observed between
the curves for organs with and without epithelium
(Figure 3a).

Effect of L-NNA, ODQ or LY 83583 on 5a-DHT-induced
relaxation

To evaluate a possible relaxation through the release of NO
(Moncada et al., 1991) by 5¢-DHT, L-NNA (300 uM), a blocker
of NO synthase, was added before this hormone. Figure 3b
shows that I-NNA was totally ineffective. Another
mechanism that might be involved in the 5a-DHT-induced
relaxation is an activation of guanylate cyclase, leading to
the formation of the relaxing nucleotide cGMP (Carvajol
et al., 2000). To check this possibility, we pretreated the
tissues with ODQ (10 uMm), a specific inhibitor of guanylate
cyclase, and found that the pretreatment did not influence
the effects of Sa-DHT (Figure 3c). Similarly, another blocker
of guanylate cyclase, LY 83583 (10 uM), was also unable to
prevent the relaxation (data not shown, n=6). These results
indicated that NO or ¢cGMP was not involved in these
relaxations.

Effect of K* channel blockers on Sa-DHT-induced relaxation

To check the involvement of K* channels on 50-DHT
relaxation, experiments were carried out by incubating each
of three inhibitors of K* channels, namely charybdotoxin,
4-aminopyridine or glibenclamide, before 5a-DHT. Figure 4
shows that these agents did not significantly modify the
inhibitory effects of 5o-DHT, indicating that potassium
channels were not involved.

Influence of cycloheximide and flutamide on the effect of 50-DHT
To rule out the possibility that the effects of 5a-DHT might
be related to gene transcription, the inhibitor of protein
synthesis, cycloheximide, and the specific inhibitor of the
classical androgen receptor, flutamide, were assayed on two
separate groups of experiments. Cycloheximide (300 puM,
Figure 5), or flutamide (10-100puM, not shown), did not
modify the relaxation curves to Sa-DHT.

Effect of other androgens on KCI tonic contraction

A group of experiments were undertaken to assess if, besides
S5a-DHT, other related hormones, such as testosterone,
5B-DHT, androsterone and androstenedione would also elicit
inhibitory effects upon KCl tonic contraction. Table 1 shows
values of ECsp and maximal inhibitory effect for these
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Figure 2 (a) Bar graph showing the inhibitory effect of 5a-
dihzydrotestosterone (50-DHT; 30um) on contractions induced by
Ca® " (10 mm) in rat vas deferens depolarized by high KCI (80 mm) in
a Ca’*t-free+EGTA (1 M) medium. 50-DHT was added 20 min
before Ca®™. *Significant difference in relation to control, in which
dimethylsulphoxide (DMSO) (0.3%) was used instead of 50-DHT
(n=6). The effect of Ca2* alone (not shown) was taken as 100%.
(b) Typical experiment showing simultaneous measurement of the
effect of 50-DHT (30 uM, 20 min) on contraction (b;) and fluores-
cence (b3) induced by KCI (80 mMm) in the prostatic portions of rat
vas deferens. Fluorescence ratio was measured by alternating dual
excitation wavelengths between 340 and 380 nm and was used to
evaluate changes in [Ca®*];. (b;) Data are expressed as percentage
of the maximal contraction with KCI. Although the DMSO (0.3%)
control had a small inhibitory effect, it was much smaller than that
caused by 50-DHT. (b,) Note that an overlap occurred between the
tracings showing the Ca®™" signal after KCI and after KCl+ DMSO.

agents. The respective potency ratios show that the most
potent relaxant androgens were androsterone and 58-DHT,
and that lower rank orders of potency were observed for the
effects of androstenedione, 50-DHT and testosterone.

Discussion and conclusions

We have shown that the endogenous testosterone metabo-
lite, 50-DHT and related androgens produced a rapid dose-
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Figure 3 (a) Mean concentration-response curves of 5a-dihydro-
testosterone (5a-DHT) on KCI tonic contraction, on vas deferens
with and without epithelium, obtained from experiments similar
to that shown in Figure T1a. (b) Effect of pre-incubation of 30 um of
50-DHT on KCI concentration-response curves in the absence
or presence of N®-nitro-L-arginine (L-NNA) (300um) or (c)
1H-[1,2,4]oxadiazole[4,3-a]quinoxalin-1-one (ODQ) (10um). (b,
c), 50-DHT was added 20 min before KCI, and L-NNA or ODQ was
added 10min before 50-DHT. The solvent dimethylsulphoxide
(DMSO) (0.3%) had no significant effect (not shown). Data
are expressed as percentage of the maximal contraction with KCI.
Points represent mean *s.e.mean, n=_8-10. *Significantly different
(P<0.05) from the corresponding controls. Note that significant
differences were not detected between maximal effects when either
L-NNA or ODQ was added.

dependent and reversible inhibitory effect on contractions
induced in rat vas deferens, under various experimental
conditions. These observations are indicative of a non-
genomic effect, which is most probably due to a blockade
of calcium influx through voltage-dependent Ca®*
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Figure 4 Effect of pre-incubation with 30 uM of 5a-dihydrotesto-
sterone (50-DHT) on KCl concentration-response curves in the
absence or presence of K™ channel antagonists: (a) charybdotoxin
(ChTx 0.1 um), (b) 4-aminopyridine (4AP 10 uM) and (c) glibencla-
mide (GLIB 30puM). 50-DHT was added 20 min before KCl and
K™ channel antagonists were added 10 min before 5a¢-DHT. The
solvent dimethylsulphoxide (DMSO) (0.3%) had no significant effect
(not shown). Data are expressed as percentage of the maximal
contraction with KCI. Points represent meants.e.mean, n=8.
*Significantly different (P<0.05) from the corresponding controls.
Note that there were no significant differences between maximal
effects when the K* channel blockers were added to 5aDHT.

channels, as discussed below. Participation of epithelium-
relaxing factors, NO, cGMP or potassium channels could not
be demonstrated. To our knowledge, the occurrence of this
type of non-genomic effect has not been previously
described for the rat vas deferens.

The most potent relaxation was induced by androsterone
and 5B-DHT as shown in Table 1. This result agrees with that
of Perusquia et al. (2005) showing that both steroids are more
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Figure 5 Mean concentration-response curves of 5a-dihydrotes-
tosterone (50-DHT) or dimethylsulphoxide (DMSO) (control) on KCl
contraction, obtained from experiments similar to that shown in
Figure Ta, except that cycloheximide (300 M) was added to the
tissue, 20 min before KC| addition. Data are expressed as percentage
of KCI contraction (mean = s.e.mean, n==6).

Table 1 ECso (concentration for half E.x) and maximal inhibitory
effect (Emax) of androgens on KCI (80 mMm) contraction in rat vas deferens

ECso (uM) Rank order of potency? Emax (%)
50-DHT 70%5 4 8812
Testosterone 94+19 5 82+6
5B-DHT 46 +9° 2 96+ 1
Androsterone 26 +4° 1 98+1
Androstenedione 56+15 3 76+4

#Measured from ECs, values.
®p<0.05 vs Sa-dihydrotestosterone (50-DHT).
Values are means = s.e.mean, (n=8) in each group.

potent than testosterone and 50-DHT in human myome-
trium in vitro.

The contraction induced by Ca®* in depolarized rat vas
deferens was highly sensitive to the inhibitory effect of
50-DHT. Similar results were obtained with 58-DHT in rat
aorta by Perusquia and Villalén (1999). In rat vas deferens,
the KCl-induced increase of intracellular calcium is mainly
caused by membrane depolarization and Ca®* influx
through L-type voltage-dependent Ca®*" channels (Castillo
etal., 1992; Jurkiewicz et al., 1994). Thus, a decrease in Ca®* -
induced contraction after Sa-DHT may reflect a decline of
Ca?™" influx through these channels. This conclusion agrees
with our present experiment in which 50-DHT caused a
decrease of tension and Ca?*-induced fura-2 fluorescence,
measured simultaneously (Figure 2), as shown for other
agents (Ribeiro et al., 2003). Similarly, Jiang et al. (1992)
observed that 17f-estradiol has a negative inotropic effect
on guinea-pig cardiac myocytes by inhibiting inward
Ca?™ currents and so reducing fura-2 fluorescence. Thus, it
remains to be determined whether or not, in rat vas deferens,
50-DHT binds to a modulatory site on the L-type Ca*"
channels, as shown for certain steroids on GABA/benzodia-
zepine receptor Cl~ channel complex (Gee et al., 1987;
McEwen, 1991). However, as it has been recently clearly
shown through patch-clamp experiments that testosterone
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inhibits L-type calcium channels in isolated smooth muscle
cells (Scragg et al., 2004, 2007), it is quite probable that
Sa-DHT induces a similar blockade.

Our results show that 5¢-DHT relaxation of KCl-induced
contraction does not depend on NO or epithelium, because
epithelium removal and L-NNA, an antagonist of nitric
oxide synthase, did not prevent the relaxation. Although
previous studies have shown that nitric oxide synthase is
present in rat vas deferens (Ceccatelli et al., 1994), the role of
nitric oxide in the contractile mechanisms in this tissue is
still unclear (Sunano, 1983; Vladimirova et al., 1994; Ventura
and Burnstock, 1997). Our results agree with the finding that
in human coronary artery, steroid-induced vasodilatation
is an epithelium-independent effect (Miigge et al., 1993). On
the other hand, an epithelium-dependent mechanism was
observed in rat aorta (Costarella et al., 1996; Honda et al.,
1999), canine coronary artery (Chou et al., 1996; Node et al.,
1997) and airway smooth muscle (Kouloumenta et al., 2006),
which can be attributed to the release of NO.

The involvement of some intracellular messengers in the
non-genomic effect of steroids has been suggested in some
tissues (Mtigge et al., 1993; Ogata et al., 1996; Rodriguez et al.,
1996; Rubin et al., 1999). In the present study, the finding
that the relaxation by 5a-DHT was not influenced by ODQ or
LY 83583, inhibitors of the biosynthesis of cGMP, indicates
that at least this messenger was not involved here.

The K* channel antagonists glibenclamide, 4-amino-
pyridine and charybdotoxin did not inhibit the steroid
effect here, suggesting that at least these K* channels,
blocked by these drugs, were not involved in the inhibitory
action of 5a-DHT in this tissue. The lack of effect of K"
channel antagonists in our experiments cannot be ascribed
to an absence of the corresponding types of channel, as
large-conductance CaZ*t-activated K* channels (BKca),
ATP-sensitive K" channels (Karp) and voltage-dependent
K™ channels (Ky) have been described in the rat vas deferens
(Grana et al., 1991; Huang, 1995; Harhun et al., 2003). A
correlation between K™ channels and non-genomic effects
of steroids has been shown in many smooth muscles, such as
rat aorta, mesenteric and coronary arteries (White et al.,
19935; Yue et al., 1995; Valverde et al., 1999; Deenadayalu
et al., 2001; Tep-Areenan et al., 2002) or duodenum (Diaz
et al., 2004), although some studies did not clearly relate the
non-genomic vasodilatation with these channels (Nakajima
et al., 1995; Ogata et al., 1996).

The effects presented here are clearly non-genomic, since
they occurred within minutes. For instance, it is known
that androgens, estrogens or progesterones produce a rapid
non-genomic relaxation of many vascular tissues (White
et al., 1995; Yue et al., 1995; Costarella et al., 1996; Jones
et al., 2004), as well of other smooth muscles (Kubli-Garfias
et al., 1987; Diaz et al., 2004; Perusquia et al., 2005). In
contrast to our results, classical genomic responses usually
require hours or days to appear, because steroid molecules
have to cross the cell membrane to interact with specific
intracellular receptors, thereby influencing the transcription
of genes into mRNA, followed by translation into protein
molecules. As a consequence, the genomic effect is known
to be reduced by steroid receptor antagonists, such as
flutamide, as well as by inhibitors of translation, such
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as cycloheximide (Beato and Klug, 2000; Losel et al., 2003).
Therefore, the finding that our present effects were neither
blocked by flutamide nor by cycloheximide strongly
corroborated the assumption of a non-genomic effect.

As in our experiments, a number of previous publications
showed that acute steroid effects in smooth muscle occur at
the micromolar concentration range, which is higher than
the normal nanomolar concentrations in circulatory system
(Heaton, 2003; Losel et al., 2003). For instance, concentra-
tions from 10 to 100 pum of testosterone have been used
in rabbit aortic rings (Yue et al., 1995), from 3 to 100 uM in
human uterus strips (Perusquia et al., 2005), whereas a
half-maximal relaxation was induced at a concentration of
50 uM in rat aorta (Costarella et al., 1996). Therefore, one
could argue that these ‘in vitro’ concentrations are non-
specific or non-physiologic. However, even if the doses used
here are higher than the doses in the so-called physiological
conditions, this effect is worth being studied, as androgens,
as for example testosterone, have been used in men for the
treatment of varying degrees of pathophysiological condi-
tions, such as osteoporosis, hypogonadism, loss of muscle
strength and deterioration of mood (Heaton, 2003). In this
case, it is known that i.m. injections of testosterone can lead
to supraphysiological levels for several days after injection
(Dobs et al., 1999). Furthermore, a word of caution seems to
be necessary when comparing concentrations used ‘in vivo’
and ‘in vitro’, as drug concentrations in organ baths are most
probably higher than that in the vicinity of receptors, given
that the agent has to cross different tissue layers to reach the
smooth muscle biophase (Busatto and Jurkiewicz, 1985),
whereas ‘in vivo’, receptors are reached directly through the
blood circulation.

From the clinical standpoint, a beneficial role of non-
genomic effects of testosterone has been described in
vascular smooth muscle of patients with coronary arterial
disease, whose symptoms of angina due to myocardial
ischaemia were attenuated by vasodilatation after an infu-
sion of physiological concentrations of testosterone (Scragg
et al., 2004, 2007). Although the present studies in vas
deferens provide stimulating pharmacological data about
non-genomic effects of androgenic steroids, information is
still lacking about the possibility of a therapeutic use, as
for instance on the treatment of genitourinary tract
dysfunctions.

In summary, it was shown here that testosterone deri-
vatives have an acute relaxing effect, which is clearly non-
genomic, and unrelated to epithelium-released agents,
K" channels, cGMP or to a nitrergic system, but is
compatible with a reduction of Ca®* influx through cell
membrane Ca?* channels, in rat vas deferens.
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