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Antidepressant drugs such as desipramine and fluoxetine increase norepinephrine (NE) contractile
response in rat vas deferens by inhibiting neuronal amine uptake. Fluoxetine, unlike other
antidepressants, also inhibits calcium fluxes, which results in an inhibition of maximal NE effect.
Since the contractile response of the reproductive tract is under the influence of testosterone, the
effect of fluoxetine could be modified according to the endocrine status of the animal. In the present
study we evaluated the influence of castration and testosterone replacement (1 mg per 100 g body
wt.) on the peripheral action of fluoxetine. Castration was followed by a decrease in vas deferens
weight and the appearance of spontaneous activity. Testosterone replacement reversed these effects.
Concentration—response curves to NE and calcium were obtained in the absence and the presence
of fluoxetine in vasa deferentia from normal, castrated and testosterone-treated castrated rats.
After castration the effect of fluoxetine on vas deferens contractility was markedly altered. The
spontaneous activity that appears after castration was prevented by fluoxetine and the stimulatory
effect on NE-induced contractions was not observed. In contrast, the inhibitory action of fluoxetine
on maximal NE effect was increased. Testosterone replacement restored vas deferens response to
NE in the presence of fluoxetine. Fluoxetine did not modify the binding parametétidjpffizosin

in vasa deferentia from normal or castrated animals. Cocaine shifted the NE concentration—-response
curve to the left in all groups, suggesting that the changes in fluoxetine effect following castration
were not the result of an alteration of the neuronal uptake mechanism. The nitric oxide synthase
inhibitor L-NMMA did not modify vas deferens response to NE in castrated animals either in the
absence or presence of fluoxetine. An increased sensitivity to the inhibitory effect of fluoxetine was
observed in the calcium concentration—response curves in vasa deferentia from castrated rats, an
effect that was reversed by testosterone replacement. The results suggest that the alteration in the
responsiveness of vasa deferentia from castrated rats to calcium could be responsible for increased
sensitivity to the inhibitory effect of fluoxetine. It is concluded that vas deferens contractile response

is testosterone dependent and that this behaviour modifies the effect of drugs such as fluoxetine that
have dual effect on contractility. (© 2000 Academic Press
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INTRODUCTION beneficial clinical effect of these drugs when used to treat
disorders of emissior8]. Fluoxetine, unlike desipramine
It is well known that antidepressant drugs exert their @nd cocaine, also inhibits calcium-induced vas deferens

therapeutic effect by |nh|b|t|ng neuronal amine uptake contractions 2] Testosterone diminishes calcium fluxes
in the central nervous system. Since a similar neuronal in smooth muscleq] and controls the response of smooth
uptake mechanism is present in peripheral tissugs [ Muscle to sympathomimetic drugs through the control
peripheral effects are also expected to occur through theof NE levels p], neuronal amine uptakeS], and by
same mechanism of action. Thus, vitro studies have  regulation of thex; receptor densityq. Moreover, NE-
shown that cocaine, desipramine and fluoxetine increasedinduced contraction of rat vas deferens appears to depend
rat vas deferens response to norepinephrine (NE) [ UPon activation of protein kinase C by diacylglycerol,

This peripheral action could be one of the reasons for the resulting in the influx of extracellular calcium through
voltage-gated calcium channelg].[In view of the fact
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that both fluoxetine and testosterone can influence NE where this concentration of the drug showed a dual effect

levels and calcium fluxes in the vas deferens, an alteredon NE-induced vas deferens contractioB Fluoxetine

response to fluoxetine can be expected in castratedwas initially dissolved in dimethylsulfoxide and further

animals. diluted in saline. The final DMSO dilution was: 1000.
Since fluoxetine is used clinically in patients with Smooth muscle contractions were recorded isometrically

different testosterone levels, such as children and ado-with a Grass force-transducer FTO3D connected to a

lescents 9] or in patients with pathological conditions preamplifier 7 P1G of a Grass polygraph model 79E.

affecting circulating levels of the hormone, such as dia-

betes mellitus 10, 11], the aim of the present study was

to evaluate the influence of testosterone on the peripheral

effects of fluoxetine on the contractile response of rat vas Binding studies _
deferens to NE. The epididymal portion of vas deferens was minced and

homogenized in 10 vol. ice-cold buffer containing m

Tris, 0.25M sucrose and 1 m MgCly, pH 7.4 (buffer A)
MATERIALS AND METHODS supplemented with 0.1 mnphenylmethylsulfonylfluoride

(PMSF), 1 mu EDTA, 5 ug mi~1 leupeptin and 1ug
Animals pepstatin using three strokes (15 s) of an Ultraturrax (IKA

Male Wistar rats (250350 g) were used throughout. Labortechnik) set at maximum. The homogenates were

; ; . trifuged twice at 1009 for 10 min, then at 12 009

The following experimental groups were used: (a) normal cen , ) )
rats; (b) castrated rats, castration was performed underfor a further 15 min and finally 99 min at. 400apat
°C. The pellet was re-suspended in 5@ ffiris-HCl and

ether anesthesia by removing testicles through bilateral4 )
cuts in the scrotu)r/n 21 dags before vasagdeferentia 10”M Mg_CIZ (pH 7_'4) (buffer B) with the same protease
were used for contractile studies; (c) testosterone-treatedInhlbltors '_n_CIL_’dEd in b_uffer Al4). )

castrated rats, testosterone replacement treatment of ' "€ equilibrium binding of {H]prazosin was measured
castrated rats was carried out by injecting testosterone

after the incubation of 10@l of membrane suspension
propionate (1 mg per 100 g body wt) in 0.20 ml sesame (0.07-0.1 mg of protein) with different concentrations of
oil s.c. beginning 15 days after castration and daily

(—)[3H]prazosin (77.2 Ci mmait) for 30 min at 23C in
thereafter for 7 da . Control castrated rats received atotal volume of 15@! of buffer B. Binding was stopped
0.20 ml sesame oi)lljllg]ne by adding 2 ml of ice-cold buffer followed by rapid
' ' filtration (Whatman GF/c). Filters were rinsed with 12 ml
. . f ice-cold buffer and transferred to vials containing
ntractil i ° A . . .
Contractile studies 10 ml of scintillation cocktail, and the radioactivity

Animals were Kkilled by cervical dislocation and determined in a liquid scintillati i ter. Specifi
both vasa deferentia were removed and treated as delc ¢ minedin afiquid scintifation Spectrometer. Specitic

: : - : binding was determined as radioactivity bound to each
scribed [L3]. Briefly, the epididymal portion was placed . . . .
in an isolated organ bath at 3, containing 15 ml of microsomal fraction, which was displaced by~fOm

; ; - phentolamine.
E':Cbﬁ' rgn}iscﬁ,leg 5(K(|;_| gcj'_ogjtzlorllﬁzo;éjl_mlng II(\AAESlCi? Binding data were analysed with the computer-assisted
25 N’aHCQ,' 1'1.7 D-Gluc,ose' 111 aséorbic acid :smd curve-fitting program LIGAND 15] and the parameters
bubbled wit,h 95% ©: 5% Cbz A resting tensior,l of calculated correspond to simultaneous fittinquafets of

0.5 g was applied to the system and the tissue wasblndlng data for each membrane.
allowed to equilibrate for 60 min. When calcium was
used as an agonist the tissue was first depolarized with
80 mm KClI in calcium-free KH solution. Drugs

Cumulative concentration—response curves to NE or  The following drugs were used: norepinephrine bitar-
calcium were obtained in vasa deferentia from nor- i 5te from Boehringer Ingelheim (Ingelheim, Germany),
mal, castrated and testosterone-treated castrated ratsprazosin cocaine, testosterone propionafemethyl -
After each curve the tissue was washed three times grginine from Sigma (St Louis, MO, USA). Fluoxetine
with KH solution. Thirty minutes after the control hydrochloride was kindly supplied by Bag aboratories

curve, fluoxetine was added and allowed to equili- (| 5 plata, Argentina).3H]prazosin was purchased from
brate for 30 min. After this period, a second agonist Ngw England Nuclear (England).

concentration—-response curve was obtained in the pres-

ence of the drug under study. Responses obtained during

the second concentration—response curve were calculated

as a percentage of the control maximal response. TheStatistical analysis

second curve in the presence of vehicle (control) did All results are expressed as mearseM. Differences
not show a change in tissue sensitivity or maximal were assessed by two-way analysis of variance followed
contraction force. The concentration of fluoxetine used by the Student—Newman—Keuls multiple comparison test,
in this study (10° M) was chosen from previous studies, and aP < 0.05 was considered significant.
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RESULTS Table |
Binding of [3H]prazosin to vas deferens membranes. Effect of
fluoxetine
Effect of castration and testosterone replac_ement Conditions K Brax
on vas deferens spontaneous activity and its (pMm) (fmol mg~1 prot.)
contractl_le response to NE gnd calcium Control (normal rats) 20 12 117115
Castration reduced the weight of vas deferens from wmembranest fluoxetiné 215+ 21 1204+ 14
7044 mg to 385+ 3 mg. The epididymal portion of vasa  (normal rats)
deferentia from castrated animals was spontaneouslyz/as deflefet”? fluoxetiné 195+18 136+ 19
. . . normal rats
active (100+ 10 mg force) while vasa deferentia from Control (castrated rats) 298 634 5
normal and testosterone-treated castrated rats wer@uempranest fluoxetiné 6549 83+ 9
quiescent. The contractile response of vasa deferentia(castrated rats)
from castrated animals to NE was significantly dimin- Vas deferens- fluoxetiné 85+9 68+ 6

ished. Treatment with testosterone reversed the effect(¢astratedrats)

of castration on vas deferens contractile response to@ Membranes were pre-incubated for 30 min af @awith or without

NE [Fig. 1(a)]. When vasa deferentia from normal, 10_—5_ M fluoxetir_le;then?H]prazosin binding was pt_arforme?i.'l’he _
castrated and testosterone-treated castrated rats wer &dggz";r?'g:g';’g”?ﬁ’g’%sr ggfﬁ{ﬁiﬁaj F')?g:gf;‘;do'r”tﬁa?s"e‘ggg g‘;’th
incubated in a calcium-free 80NmKCI medium, none fluoxetine 10°® M. Then the membranes were obtained. Values are the
of the vasa deferentia studied presented spontaneousneant sem of four experiments with a pool of 15 animals in each
contractions. The addition of increasing concentration of 9roup assayed in duplicateP < 0.001 with respect to normal rats.
CaCb induced a dose-dependent tonic contraction of vas

deferens from all groups under study, but the response

of vasa deferentia from castrated rats was significantly

smaller than that observed in vasa deferentia from Effect of fluoxetine on prazosin binding to vas
normal and from testosterone-treated castrated anlmalsd(_:‘fer(_:‘nS membranes from normal and castrated
[Fig. 1(b)]. rats

The lack of stimulatory effect of fluoxetine on NE
Effect of castration and testosterone replacement response in vasa deferentia from castrated animals could

on fluoxetine action on vas deferens contractile be explained by changes in the number and/or affinity
response to NE of post-synaptic receptors. We therefore investigated
Consistent with our previous finding][ fluoxe- the effect of fluoxetine onxj-adrenergic receptors by

tine 10°° m exerted a dual effect on vasa deferentia radioligand binding using®H]prazosin.

from normal rats. It increased vas deferens contractile The decrease of the contractile response observed in
response to low NE concentrations while it inhibited vasa deferentia from castrated rats to NE was accom-
maximal NE effect [Fig.2(a)]. When vasa deferentia panied by a decrease Ky and Bmax for [2H]prazosin
from castrated rats were incubated for 30 min with binding. Incubation of membranes or vasa deferentia with
10-5 m fluoxetine, spontaneous activity was prevented fluoxetine (10°° m) for 30 min before radioligand assay
(Fig. 3). The stimulatory effect of fluoxetine was not did not modify PH]prazosin binding parameters in either
observed on NE-induced contraction and inhibition of normal or castrated animals (Talb)e

NE maximal effect was higher [Fig2(b)]. Inhibition

of contraction force in response to 1O m NE was Effect of castration and testosterone replacement
20 + 2 vs 26 + 2% for vasa deferentia from normal on cocaine action on vas deferens contractile

and castrated rats, respectivély < 0.05). Fluoxetine response to NE

also significantly inhibited the effect of 18 M NE Since changes in fluoxetine effect on NE-induced
in vasa deferentia from castrated rats. The percentcontractions in vasa deferentia from castrated animals
inhibition was 29+ 2 vs 22 + 2 observed in normal  did not appear to be related to changes at a post-
rats(P < 0.05). Vasa deferentia from castrated animals synaptic level, we explored pre-synaptic mechanisms.
that received testosterone did not present spontaneougrevious results showed that the increase in vas deferens
activity and responded to fluoxetine as controls, increas- contractile response to NE induced by fluoxetine is the
ing vas deferens response to low NE concentration andresult of an inhibition of neuronal NE uptaké]| In
inhibiting maximal NE effect [Fig.2(c)]. The non- consequence, the lack of effect of fluoxetine in castrated
selective aj-adrenergic receptor antagonist, prazosin animals could be due to an alteration of this amine
(10~7 ™), inhibited NE-induced contractions in vasa transport mechanism.

deferentia from normal, castrated and testosterone- We then soughtto investigate the NE neuronal carrierin
treated castrated control animals. This result confirms vas deferens, by studying the effect of the known amine-
that the adrenergic receptor involved in the contractile transport inhibitor drug cocaine in normal, castrated
response of vas deferens from the three groups underand testosterone-treated castrated rats. As shown in
study isa1. Fig. 4(a), (b) and (c), cocaine induced a left shift of
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Fig. 1. Effect of norepinephrine (a), or calcium (b), on vasa deferentia from norhgldastrated((J) and testosterone-treated castraiil) (ats.
Results are shown as the mearsem (n = 6 rats).
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Fig. 2. Effect of 10~ M fluoxetine on norepinephrine-induced contractions in vasa deferentia from normal (a) castrated (b) and testosterone-treated
castrated (c) rats. Concentration-response curves corresponding to c@tamid to fluoxetine-incubated duct®}. The effect of 10 M prazosin

(#) on vasa deferentia from normal, castrated and testosterone-treated castrated control rats is also shown. Results are expressed as percentage of
maximal NE effect. Each point represents the m¢aseM (n = 6 rats).
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the NE concentration—response curve in all groups underrestored vas deferens response to NE in the presence of
study. These results indicate that the neuronal NE-uptakefluoxetine to normal values (g: 1.1+ 0.12x 1072 m)
mechanism functions normally in castrated rats and can [Fig. 5(c)]. These results point to an increased sensitivity
be inhibited by cocaine in a fashion similar to that of vasa deferentia from castrated rats to the inhibitory
observed in normal or testosterone-treated castrated rats.effect of fluoxetine on calcium fluxes.

Effect of an inhibitor of nitric oxide synthase on the
contractile response of vasa deferentia from DISCUSSION
castrated rats
Since the failure of fluoxetine to induce an increase in We previously reported that fluoxetine exerts a dual effect
vas deferens contractile response to NE in castrated ani-on NE-induced rat vas deferens contractions: it increases
mals could not be explained either by changes in density the response to low NE concentrations, as a consequence
and/or affinity of the post-synaptig;-adrenoceptors, or  of a blockade of uptakel], and decreases NE maximal
by an alteration of the neuronal NE-uptake mechanism in effect as a result of an inhibition of calcium fluxed.[
vasa deferentia from castrated animals, we explored theSince both sympathetic activity and calcium fluxes of
possibility of the participation of inhibitory mechanisms. the male reproductive tract are regulated by testosterone,
As nitric oxide induces smooth muscle relaxation we ex- in the present study we investigated the influence of
plored its participation in the contractile response of vasa testosterone on fluoxetine effects on rat vas deferens
deferentia from castrated rats. contractility. The present findings show changes in the
Concentration—-response curves to NE were obtainedcontractile response of vasa deferentia from castrated
in the absence and the presence of the nitric oxide rats, as compared to normal, in the presence of fluoxetine.
synthase (NOS) inhibitot-NMMA (10~° wm) in vasa These changes are neither related to changes in receptor
deferentia_from castrated rats. Neither thesEQS + affinity and/or density, nor to an alteration of amine
04 x 107" M, 41 + 0.6 x 10" m for control and uptake carrier, or release of NO. They seem to be
incubated with.-NMMA, respectively) nor the maximal  related to changes induced by castration in vas deferens
effect of NE (550+ 45 vs 500+ 30 mg for control and  response to calcium, which makes it more sensitive to the
incubated withL.-NMMA, respectively) were modified  inhibitory effect of fluoxetine.
by L-NMMA. The NOS inhibitor was not able to inhibit It is well established that vasa deferentia from castrated
the spontaneous activity either. On the other hand, the animals exhibit spontaneous activity. This spontaneous
effect of fluoxetine on NE-induced contractions in vasa activity is related to an increase in calcium influx as a
deferentia from castrated rats was not modified when the result of membrane depolarization and opening of
drug was evaluated in the presenceLéNMMA (data voltage-dependent calcium channel4]. [ This spon-
not shown). These results indicate that nitric oxide does taneous activity is inhibited by calcium channel
not participate in the contractile response to NE of vasa antagonists4, 16]. In our study, addition of fluoxetine to
deferentia from castrated rats. vasa deferentia from castrated rats resulted in a reduction
in the frequency and amplitude of spontaneous rhythmic
Effect of castration and testosterone replacement  contractions. This inhibitory effect of fluoxetine could
on fluoxetine inhibitory action on calcium-induced be related to a blockade of calcium entry, since the drug
vas deferens contractions showed an antagonistic action on voltage-dependent
As inhibitors of NOS had no effect on the contractile calcium channelsl[7].
response of vasa deferentia from castrated rats, we In spite of the increase of calcium permeability,
explored a possible alteration of the vas deferens responseesponses to NE and calcium were diminished in vasa
to calcium. deferentia from castrated rats. Testosterone replacement
Calcium concentration—response curves were per-restored contractile responses. This decrease in the
formed in the absence and presence of fluoxetine in contractile force could be the consequence of changes

depolarized vasa deferentia (80MmKCL medium) induced by castration in vas deferens weight, metabolic
from normal, castrated and testosterone-treated castratedctivity and receptor densitp[11, 18, 19|.
animals. The stimulatory action of fluoxetine on NE-induced

Fluoxetine (10° M) inhibited calcium-induced vas contractions in vasa deferentia from castrated rats was not
deferens contractions in normal rats [Fig@)]. The observed. On the other hand, the inhibitory action was
inhibitory effect of fluoxetine was more manifest in significantly enhanced, decreasing not only NE maximal
vasa deferentia from castrated rats, shifting the calcium effect but also the contractile response elicited by°1a
concentration—response curve significantly to the right NE. Testosterone replacement restored the fluoxetine dual
with respect to the fluoxetine control curve (normal rats) effect on NE-induced contractions, suggesting that the
[Fig. 5(b)]. The EGo for calcium in the presence of fluoxetine effect is testosterone dependent.
fluoxetine was B40.15x 10-2 M in vasa deferentia from It has been reported that castration is accompanied
normal rats and 3 0.3 x 10~ M in vasa deferentiafrom by a decrease in the number cfH]prazosin binding
castrated animald® < 0.012). Testosterone replacement sites Bmaxvalues) in the lower urinary tract in cas-
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Fig. 4. Effect of 10-% m cocaine on norepinephrine-induced contractions in vasa deferentia from normal (a), castrated (b) and testosterone-treated
castrated (c) rats. Concentration—response curves corresponding to c@j@ok(to cocaine-incubated ducts)( Results are expressed as percentage
of NE maximal effect. Each point represents the m&ageM (n = 6 rats).
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Fig.5. Effectof 10> m fluoxetine on calcium-induced contractions in vasa deferentia from normal (a), castrated (b) and testosterone-treated castrated
(c) rats. Vasa deferentia were depolarized in 82 KCl medium. Concentration—response curves corresponding to cohjrahl to fluoxetine-
incubated ductsQ). Results are expressed as percentage of calcium maximal effect. Each point represents theseneém= 6 rats).

trated rabbits, indicating a post-synaptic reduction of response curve to the left in vasa deferentia from nor-
a1-adrenoceptor density7][20, 21]. Fluoxetine could mal, castrated and testosterone-treated castrated animals,
also modify these parameters in vasa deferentia from thereby excluding the possibility of an abnormal func-
castrated rats, thereby failing to increase vas deferenstioning of the amine uptake carrier after castration.
response. Although we observed a reduction of the Nitric oxide has an extensive role in contractile, hemo-
number of PH]prazosin binding sites in vasa deferentia dynamic and secretory processes in the male reproduc-
from castrated rats in our study, the lack of stimulatory tive tract R3]. Therefore, we investigated if this mediator
effect of fluoxetine cannot be attributed to changes in is responsible for the changes observed in the contractile
the number and/or affinity of receptors, since the drug response of vasa deferentia from castrated rats. That pos-
did not modify PH]prazosin binding either in normal or  sibility was ruled out since the effect of fluoxetine was not
castrated animals. modified in the presence of the NOS inhibiteNMMA.
Another possibility that could explain the absence of NE causes vas deferens contraction by inducing the
the stimulatory effect of fluoxetine in castrated animals, influx of extracellular calcium through voltage-gated
is that castration was accompanied by an alteration in the calcium channels§, 24]. Fluoxetine inhibits calcium-
neuronal uptake mechanism. Sympathetic activity of the induced contractions in depolarized vasa deferentia from
male reproductive tract is regulated by testosterone; NE normal rats 2]. Moreover, in this study we observed
levels in vasa deferentia and the neuronal uptake of cat-that fluoxetine prevented spontaneous activity in vasa
echolamines in seminal vesicles has been reported to bedeferentia from castrated rats and that the inhibition
under the influence of testosterorie §]. On the other of NE maximal effect was greater. Calcium fluxes in
hand, Markust al.[22] have demonstrated that the num- androgen-dependent smooth muscles are regulated by
ber of neuronal NE uptake sites in the rat vas deferenstestosteroned, 16, 25]. Castillo et al. [26] reported that
is age-related. In agreement with Porto and Abrély [ in the rat vas deferens, testosterone plays an important
we observed that cocaine shifted the NE concentration—role in the regulation of dihydropyridine-sensitive



Pharmacological Research, Vol. 42, No. 4, 2000

voltage-dependent calcium channels. In order to explore
the sensitivity of vasa deferentia from castrated rats to
the inhibitory effect of fluoxetine on calcium fluxes,

we studied the contractile response to calcium in the

presence and absence of fluoxetine. As expected, our 10.

results showed that vasa deferentia from castrated rats
were more sensitive to the inhibitory effect of fluoxetine

on calcium-induced contractions. This higher sensi- 11,

tivity was testosterone dependent since replacement
treatment restored vas deferens response to control
values. A non-genomic mechanism for testosterone in ,,
regulating calcium channels has been described. It was
suggested that testosterone binds to a receptor resident
in the plasma membrane and subsequently activates
calcium channels 27]. These data suggest that the
compromised responsiveness of vasa deferentia from
castrated rats to calcium, could be the reason behind
the increased sensitivity to the inhibitory effect of
fluoxetine.

In conclusion, we demonstrated that vas deferens 15.

contractile response is testosterone dependent and that
this dependency modifies the effect of drugs that have a
dual effect on contractility, such as fluoxetine.
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