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RESUMO

A 6-nitrodopamina (6-ND) é liberada dos vasos do corddo umbilical humano e modula a
reatividade vascular agindo como um antagonista da dopamina. "Neste estudo, investigamos a
liberacdo de 6-ND pelos vasos deferentes isolados de ratos e seu impacto nesse tecido.
Utilizamos cromatografia liquida acoplada & espectrometria de massas em tandem (LC-MS-
MS) para quantificar os niveis de dopamina, noradrenalina, adrenalina e 6-ND nos vasos
deferentes isolados de ratos. Realizamos estimulacdo por campo elétrico (EFS) e construimos
curvas concentracdo-resposta para 6-ND, noradrenalina, dopamina e adrenalina, tanto na
auséncia quanto na presenca (por 30 minutos) dos seguintes agentes: L-NAME, SCH-23390,
haloperidol, =~ PG-01037, sonepiprazol, desipramina, clomipramina, amitriptilina,
ciclobenzaprina, carbamazepina, maprotilina, paroxetina, oxcarbazepina e cetanserina, nos
vasos deferentes epididimais isolados de ratos (VDEIR). Liberacdes basais de 6-ND e
noradrenalina foram detectadas nos vas deferens isolados de ratos. A liberacdo de 6-ND foi
reduzida pela incubacdo de tecido com L-NAME e dos vas deferens obtidos de ratos tratados
com L-NAME. SCH-23390 causou desvios para a esquerda nas curvas concentracao-resposta
para 6-ND sem afetar as contracdes de VDEIR induzidas por dopamina ou EFS. Haloperidol,
PG-01037 e sonepiprazol causaram desvios significativos para a direita nas curvas
concentracdo-resposta & dopamina, mas ndo tiveram efeito nas contragdes VDEIR induzidas
por 6-ND ou EFS. Os compostos triciclicos desipramina, clomipramina, amitriptilina,
ciclobenzaprina e carbamazepina induziram desvios para a direita na curva concentracdo-
resposta 6-ND, mas ndo reduziram as respostas contrateis de noradrenalina, dopamina e
adrenalina. Também observamos uma redugdo nas contragcbes dos vasos deferentes
epididimais isolados de ratos (VDEIR) induzidas por EFS no grupo controle, porém essa
reducdo ndo foi observada nos tecidos obtidos de animais tratados com L-NAME.
Maprotilina, oxcarbazepina, paroxetina e cetanserina ndo demonstraram efeito nas contragdes
dos VDEIR induzidas por 6-ND ou EFS. Neste contexto, investigamos os efeitos dos
antagonistas seletivos dos receptores al-adrenérgicos nas contragdes dos VDEIR induzidas
por 6-ND, dopamina, noradrenalina, adrenalina e EFS. Tanto a doxazosina quanto a
tansulosina (3-10 nM) causaram deslocamentos significativos para a direita na curva
concentragdo-resposta para 6-ND, porém néo afetaram as contracGes induzidas por dopamina,
noradrenalina e adrenalina. A alfuzosina (10 nM) provocou deslocamentos para a direita nas

curvas concentragdo-resposta para todas as catecolaminas. Tanto a silodosina (10 nM) gquanto



a terazosina (100 nM) deslocaram as curvas de noradrenalina, dopamina e adrenalina para a
direita, embora concentragdes mais elevadas desses antagonistas (100 e 300 nM,
respectivamente) tenham sido necessarias para deslocar as curvas de 6-ND. A inibicdo das
contracdes induzidas por EFS so foi significativa nas concentracbes em que 0s antagonistas
dos receptores al-adrenérgicos produziram deslocamentos para a direita nas curvas
concentragdo-resposta para 6-ND. A inibicdo das contracdes induzidas por EFS pela
doxazosina (10 nM), tamsulosina (10 nM), alfuzosina (10 nM), silodosina (100 nM) e
terazosina (300 nM) ndo foi observada em VDEIR obtido de animais tratados cronicamente
com L-NOME. Este estudo demonstra que os antagonistas dos receptores ol-adrenérgicos
funcionam como antagonistas dos receptores 6-ND no VDEIR, sugerindo que muitas das
acOes anteriormente atribuidas a noradrenalina podem ser resultado do antagonismo 6-ND.
Além disso, a modulacdo da contratilidade do VDEIR por 6-ND foi evidenciada, com
desipramina, clomipramina, amitriptilina, ciclobenzaprina e carbamazepina atuando como
antagonistas seletivos do receptor 6-ND. O bloqueio dos receptores 6-ND, tanto pelos
antidepressivos triciclicos quanto pelos antagonistas dos receptores al-adrenérgicos, pode
representar um mecanismo de acdo comum responsavel pela utilizacdo terapéutica dessas

substancias no tratamento da ejaculagéo precoce.

Adrenérgico; Antidepressivo triciclicos; Catecolaminas, Ejaculacdo Precoce; Tansulosina.



ABSTRACT

6-nitrodopamine (6-ND) is identified as being released from human umbilical cord
vessels, influencing vascular reactivity as a dopamine antagonist. Our study aims to ascertain
whether 6-ND is also released by isolated rat vas deferens and its consequential effect on the
tissue. Using LC-MS-MS, we quantified levels of dopamine, noradrenaline, adrenaline, and 6-
ND in rat isolated vas deferens. We conducted electric-field stimulation (EFS) and
concentration-response curves for 6-ND, noradrenaline, dopamine, and adrenaline, both in the
absence and presence (30 minutes) of L-NAME, SCH-23390, haloperidol, PG-01037,
sonepiprazole, desipramine, clomipramine, amitriptyline, cyclobenzaprine, carbamazepine,
maprotiline, paroxetine, oxcarbazepine, and ketanserin in the rat isolated epididymal vas
deferens (VDEIR).Basal releases of 6-ND and noradrenaline were observed from the rat
isolated vas deferens. Incubation with L-NAME reduced 6-ND release, both in tissue
incubation and in vas deferens obtained from L-NAME-treated rats. SCH-23390 caused
leftward shifts in concentration-response curves to 6-ND without affecting dopamine- or EFS-
induced VDEIR contractions. Haloperidol, PG-01037, and sonepiprazole caused significant
rightward shifts in concentration-response curves to dopamine but did not affect 6-ND or
EFS-induced VDEIR contractions.Tricyclic compounds desipramine, clomipramine,
amitriptyline, cyclobenzaprine, and carbamazepine induced rightward shifts in the 6-ND
concentration-response curve but did not reduce noradrenaline, dopamine, and adrenaline
contractile responses. They also reduced EFS-induced VDEIR contractions in control, but not
in tissues obtained from L-NAME-treated animals. Maprotiline, oxcarbazepine, paroxetine,
and ketanserin had no effect on either 6-ND or EFS-induced VDEIR contractions.In this
study, we investigated the effects of selective al-adrenergic receptor antagonists on VDEIR
contractions induced by 6-ND, dopamine, noradrenaline, adrenaline, and EFS. Doxazosin and
tamsulosin (3—10 nM) caused significant rightward shifts in the concentration-response curve
to 6-ND but had no effect on dopamine-, noradrenaline-, and adrenaline-induced contractions.
Alfuzosin (10 nM) produced rightward shifts in concentration-response curves for all
catecholamines. Silodosin (10 nM) and terazosin (100 nM) displaced the noradrenaline,
dopamine, and adrenaline curves to the right, but higher concentrations of both antagonists
(100 and 300 nM, respectively) were required to displace the 6-ND curves.EFS-induced
contractions were significantly inhibited only at concentrations where the ol-adrenergic

receptor antagonists caused rightward shifts in the 6-ND concentration-response curves. The



inhibition of EFS-induced contractions by doxazosin (10 nM), tamsulosin (10 nM), alfuzosin
(10 nM), silodosin (100 nM), and terazosin (300 nM) was not observed in VDEIR obtained
from animals chronically treated with L-NAME.This study demonstrates that a.1-adrenoceptor
antagonists act as 6-ND receptor antagonists in VDEIR, suggesting that many actions
previously attributed to noradrenaline could be due to 6-ND antagonism. Additionally, it
shows that 6-ND modulates VDEIR contractility, and desipramine, clomipramine,
amitriptyline, cyclobenzaprine, and carbamazepine act as selective 6-ND receptor antagonists.
al-adrenoceptor antagonists also act as 6-ND receptor antagonists in VDEIR, suggesting that
many actions previously attributed to noradrenaline may be due to 6-ND antagonism.
Furthermore, the blockade of 6-ND receptors by both tricyclic antidepressants and al-
adrenergic receptor antagonists may represent the common mechanism of action responsible

for their therapeutic use in the treatment of premature ejaculation.

Adrenergic Agents; Amitriptyline; Antidepressive Agents, Tricyclic; Carbamazepine;

Catecholamines



ltem

1.1
1.2
1.3
1.4
141
1.4.2
1.4.3
144
1.5

2.1
2.2

3.1

3.2

3.3

7.1
7.2

SUMARIO
Assunto
INTRODUCAO
Catecolaminas
Dopamina
6-Nitrodopamina
Morfologia do Vas Deferens do Rato
Caracteristicas Basicas
Porcéo Proximal
Porcéo Distal
Porcéo Terminal
Neurofisiologia da Ejaculacéo
OBJETIVOS
Objetivos Gerais
Obijetivos Especificos
MATERIAIS, METODOS E RESULTADOS

Artigo 1 - 6-Nitrodopamine is an endogenous mediator of rat isolated epididymal vas deferens

contractions induced by electric-field stimulation

Artigo 2 - Alphal-adrenergic antagonists block 6-nitrodopamine contractions on the rat isolated

epididymal vas deferens

Artigo 3 - 6-Nitrodopamina is released by rat isolated vas deferens and modulates its contractility.
DISCUSSAO

CONCLUSAO

REFERENCIAS

APENDICES

Apéncide | - CEUA - 5557-1/2020

Apéncide Il — Autorizacéo da Revista

Pagina
13
13
15
16
17
17
17
18
19
19
21
21
21
22
22

36

49
51
58
59
66

66
76



13

1- INTRODUCAO
1.1 CATECOLAMINAS

As catecolaminas sdo0 compostos organicos e sua estrutura possuem o grupo catecol
(3,4-diidroxibenzeno) ligado por uma ponte de etil, um grupo de amina. As catecolaminas séo
encontradas no sistema nervoso simpatico periférico, e na adrenal medula, e estdo distribuidos
de forma desigual em diferentes areas do sistema nervoso central.(1)

As principais catecolaminas sdo a dopamina, norepinefrina e epinefrina, assim
constituem uma classe de neurotransmissores quimicos e hormonais.(2,3) Elas ocupam posicdes
de destaque na regulacdo de processos fisiologicos e no desenvolvimento de doencas
neuroldgicas, psiquiatricas, enddcrinas e cardiovasculares.(4,5)

As catecolaminas sdo sintetizadas a partir da tirosina que pode ser um derivado
enddgena ou exdgena. Quando endogena é sintetizada pelo figado a partir da fenilalanina. O
primeiro passo envolve a hidroxilagdo da tirosina para formar L-3,4-diidroxifenilalanina (L-
DOPA), uma reacdo catalisada pela enzima tirosina hidroxilase. Uma vez formado, o L-DOPA é
descarboxilado a dopamina (DA) pela L-aminoacido aromético descarboxilase (AADC).(3,6,7)

Em neurdnios que usam DA como transmissor, nenhuma outra modificacdo enzimatica
ocorre. Neurdnios que utilizam noradrenalina (NE) como neurotransmissor possuem uma
enzima adicional chamada dopamina-beta-hidroxilase (DA-B-hidroxilase), responsavel por
converter dopamina (DA) em noradrenalina. Neur6nios que usam epinefrina como transmissor
contém uma enzima, feniletanolamina-N-metiltransferase, que € responsavel por catalisar a
conversdo de NE em epinefrina.(3,7)

A maior parte da epinefrina nas terminacdes nervosas ou células cromafins esta contida
em vesiculas e, em condi¢fes normais, apenas uma pequena quantidade encontra-se na forma
livre no citoplasma. A concentragdo nas vesiculas € mantida pelo transportador vesicular de
monoaminas (VMAT), que é semelhante ao transportador de aminas responsavel pela captura
de norepinefrina nas terminag¢fes nervosas, mas utiliza o gradiente transvesicular de prétons
como forga impulsora.(8,9)

A acdo da norepinefrina liberada termina principalmente pela captura do transmissor
nas terminagBes nervosas noradrenérgicas. A epinefrina e a norepinefrina circulantes séo
degradadas enzimaticamente. As duas enzimas principais que metabolizam as catecolaminas
estdo localizadas intracelularmente; por isso, a captagdo pelas células precede necessariamente a
degradacdo metabdlica.(3,10,11)

A captura neuronal é mediada pelo transportador de norepinefrina (NET) presente na
membrana plasmatica. Estes transportadores atuam como cotransportadores de Na+, Cl— e a
amina em questdo, utilizando o gradiente eletroquimico de Na+ como for¢a motriz.(6,12) O

empacotamento dentro de vesiculas ocorre através do transportador vesicular de monoaminas
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(VMAT), que é impulsionado pelo gradiente de prétons entre o citosol e o conteudo vesicular.
Por outro lado, a captura extraneuronal é realizada pelo transportador extraneuronal de
monoaminas (EMT), pertencente a uma grande e amplamente distribuida familia de
transportadores de cations organicos (OCTSs) (12)

O NET é relativamente seletivo para norepinefrina, exibindo alta afinidade e uma
velocidade méaxima de captura relativamente pequena. Este transportador desempenha um papel
crucial na manutengdo dos estoques liberaveis de norepinefrina. O EMT tem menor afinidade e
maior capacidade de transporte que o NET, e transporta epinefrina e isoprenalina, bem como
norepinefrina.(10)

As catecolaminas enddgenas e exogenas sao metabolizadas principalmente por duas
enzimas intracelulares: monoamino-oxidase (MAO) e catecol-O-metil transferase (COMT). A
enzima monoamina oxidase (MAO), que inclui as isoformas MAO-A e MAO-B, esta localizada
na membrana externa das mitocondrias. Ela € abundante nas terminacGes nervosas
noradrenérgicas, porém também é encontrada em outros tecidos como figado, epitélio intestinal
e em outros tecidos do organismo. (10,12)

A MAO converte catecolaminas em seus aldeidos correspondentes que, na periferia, sdo
rapidamente metabolizados pelo aldeido desidrogenase ao &cido carboxilico correspondente (a
norepinefrina da origem ao 3,4-di-hidroxifenilglicol. A MAO pode também oxidar outras
monoaminas, dentre as quais, dopamina e 5-HT. (6,12)

Dentro dos neurbnios simpéticos, a monoamina oxidase (MAQ) desempenha um papel
crucial no controle do contelldo de dopamina e norepinefrina. Quando a MAO é inibida, o
estoque liberavel de norepinefrina aumenta. As principais vias do metabolismo da norepinefrina
incluem o ramo oxidativo, catalisado pela dopamina beta-hidroxilase (ADH), que predomina e
produz o &cido vanililmandélico (VMA) como principal metabdlito urinario. O ramo redutor,
catalisado pela aldeido redutase (AR), produz o metabdlito menos abundante, o 4cido 3-metoxi-
4-hidroxifenilglicolico (MHPG), que é conjugado ao sulfato de MHPG antes de ser
eliminado.(12)

A segunda via mais importante para o metabolismo das catecolaminas envolve a
metilacdo, realizada pela catecol-O-metiltransferase (COMT), que adiciona um grupo metila a
um dos grupos hidroxila do catecol, resultando na formacdo de um derivado metoxi. A COMT
esta ausente nos neurdnios noradrenérgicos, mas é encontrada na medula da suprarrenal, assim
como em muitas outras células e tecidos do organismo..(12)

O produto formado pela acdo sequencial da monoamina oxidase (MAO) e da catecol-O-
metiltransferase (COMT) é o acido 3-metoxi-4-hidroxifenilglicol (MHPG). Este composto é
parcialmente conjugado a derivados sulfato ou glicuronideo, os quais s&o eliminados na urina,

enquanto a maioria é convertida em &cido vanililmandélico (VMA).(6,12)
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Na periferia, nem a monoamina oxidase (MAQO) nem a catecol-O-metiltransferase
(COMT) séo primariamente responsaveis pelo término da acdo do neurotransmissor, e a maior
parte da norepinefrina liberada é rapidamente recaptada pelo transportador de norepinefrina
(NET). As catecolaminas circulantes sdo sequestradas e inativadas por uma combinacdo de
NET, transportador extraneuronal de monoaminas (EMT) e COMT, e a importancia relativa de
cada processo varia de acordo com o agente envolvido. Assim, a norepinefrina circulante é
removida principalmente pelo NET, enquanto a epinefrina é mais dependente do EMT.(6,8,12)

Atuando, as catecolaminas possuem uma acdo enddgena nos receptores adrenérgicos,
sobre receptores oo 1 e 2, e 3 1, 2 e 3, tendo respostas diferentes para cada receptor e tecido. Os
efeitos fisiologicos das catecolaminas sdo mediados por receptores acoplados a proteina G
(GPCR), que controlam a sinalizacdo do efetor, ou seja, 0 segundo mensageiro.(8,13-16)

1.2 DOPAMINA

A dopamina (DA) foi sintetizada pela primeira vez em 1910. Na década de 1930, a
dopamina foi reconhecida como um composto de transi¢do na sintese de norepinefrina (NE) e
epinefrina. No entanto, acreditava-se que a dopamina era mais do que apenas um intermediario
na biossintese dessas catecolaminas. SO no inicio da década de 1950 foram encontrados
estoques de DA nos tecidos, sugerindo que tivesse uma funcgdo sinalizadora prépria. No final da
década, Carlsson e Montagu identificaram cada um, estoques de DA no cérebro(17,18). Logo
depois, Hornykiewicz descobriu o déficit de DA no cérebro comprometida pela doenca de
Parkinson, alimentando o interesse no papel da DA em doengas e distarbios neuroldgicos. (19)

A DA consiste em uma molécula catecol ligada a uma etilamina, sendo classificada de
catecolamina. A dopamina (DA) esta intimamente relacionada a melanina, o pigmento que é
formado pela oxidagdo da dopamina, tirosina ou L-DOPA. A melanina estd presente na pele e
na cuticula, conferindo & substancia negra sua denomina¢do homénima de cor escura. Tanto a
dopamina quanto a L-DOPA sdo facilmente oxidadas por vias ndo enzimaticas, formando
espécies reativas de oxigénio citotdxicas e quinonas. As quinonas de dopamina e dopa formam
adutos com alfa-sinucleina, o principal constituinte dos corpos de Lewy na doenca de
Parkinson. A DA é uma molécula polar que ndo atravessa facilmente a barreira
hematencefalica.(18,20-22)

A sintese da DA é similar a da via biosintética da 5-HT. O aminoéacido fenilalanina e a
tirosina sdo os precursores da dopamina. Na maioria dos mamiferos, a fenilalanina € convertida
em tirosina pela acdo da fenilalanina hidroxilase. A reducdo nos niveis desta enzima resulta em
elevacdo dos niveis de fenilalanina, uma condi¢do conhecida como fenilcetondria. Para evitar
comprometimento intelectual, a fenilcetonuria deve ser controlada por meio de restricbes na
dieta.(17,18,23)
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A tirosina é facilmente transportada para o cérebro por meio de captacdo. No entanto, ao
contrario do triptofano, os niveis cerebrais de tirosina geralmente estdo saturados. A conversao
de tirosina em L-DOPA (3,4 dihidroxifenilalanina) pela enzima tirosina hidroxilase é o passo
limitante na sintese da dopamina. A tirosina hidroxilase é uma enzima de funcdo mista que
requer ferro e um cofator biopterina; a atividade enzimatica é regulada por fosforilacdo e por
inibicdo do produto final.(18,20,24)

Quiatro isoformas alternadamente emendadas de tirosina hidroxilase foram identificadas
em humanos, o que contrasta com varios dos primatas ndo humanos (duas isofonnas) e ratos
(uma isoforma). Atualmente, ndo esta claro se as varias isoformas tém funcgdes diferentes. Uma
vez gerado, o L-DOPA é rapidamente convertido em dopamina pela enzima aromético L-
aminoacido descarboxilase (AADC), que também € responsavel pela conversdo de L-5-
hidroxitriptofano em 5-HT (serotonina).(17,18,20,25)

No sistema nervoso central (SNC) e na periferia, a atividade da aromatico L-aminoacido
descarboxilase (AADC) é muito alta, e 0s niveis basais de L-DOPA ndo podem ser facilmente
mensurados. Ao contrario da dopamina, a L-DOPA atravessa facilmente a barreira
hematoencefalica e é convertida em dopamina no cérebro, o que explica sua utilidade no
tratamento da doenga de Parkinson. As principais vias que contém dopamina incluem a proje¢édo
que liga a substancia negra ao neoestriado e a projecdo que liga a regido tegmental ventral as
estruturas limbicas, especialmente o cortex limbico.(18)

A acdo terapéutica da levodopa, um farmaco antiparkinsoniano, estd associada a
primeira &rea, a0 mesmo tempo em que se acredita que a acgdo terapéutica dos farmacos
antipsicéticos esteja associada a segunda. Além disso, 0s neurbnios que contém dopamina no
hipotalamo ventral desempenham um papel crucial na regulacdo da funcéo hipofisaria.(22,26)

Foram identificados cinco subtipos de receptores de dopamina, que sdo divididos em
duas categorias: semelhantes ao D1 (D1 e D5) e semelhantes ao D2 (D2, D3, D4). Todos 0s
receptores de dopamina sdo metabotrdpicos, ou seja, exercem suas a¢des por meio de segundos
mensageiros e ndo diretamente na abertura de canais i6nicos. Em geral, a dopamina exerce uma
acdo moduladora e pode ter efeitos tanto inibitérios quanto excitatdrios sobre os neurénios do
sistema nervoso central (SNC), dependendo do receptor especifico ativado e do contexto neural.
Essa acéo foi mais bem caracterizada nos neurdnios da substancia negra que contém dopamina,
nos quais a ativacao do receptor D2 abre os canais de potéassio pela proteina de acoplamento
Gi.(23)

1.3 6-NITRODOPAMINA

As nitrocatecolaminas nitronoradrenalina (NN) e nitrroadrenalina foram extraidas de

cérebro de rato(27) e 6-nitronoradrenalina (6-NN) foi detectada em microdialisados do corno
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dorsal da medula espinhal de rato(28). O transporte de noradrenalina em sinaptossomas de ratos
é inibido por 6-NN(29) e a administracdo intratecal de 6-NN induz analgesia devido a liberacdo
de noradrenalina (28). Essas observagdes indicam que as nitrocatecolaminas podem atuar como

mediadores neuronais no sistema nervoso central.

A liberacdo basal dependente do endotélio de dopamina (30) e 6-nitrodopamina (6-ND)
foi identificada por espectrometria de massa de Tandem em Chelonoidis carbonaria aorta (31).
Os vasos do corddao umbilical humano (HUCV) também apresentam uma liberagdo basal de
dopamina (32) e 6-ND (33) e a sintese de 6-ND foi inibida pela incuba¢do com o inibidor de
sintese de 6xido nitrico (NO) L-NAME. Curiosamente, o 6-ND modula a reatividade do HUCV
através do antagonismo seletivo dos receptores dopaminérgicos tipo D2, indicando que o0 6-ND
pode ter papel modulador fora do sistema nervoso central. (33). A avaliagcdo dos anéis aorticos
de Pantherophis guttatus mostrou que a 6-nitrodopamina foi a principal catecolamina liberada e
exerceu uma atividade vasodilatadora, atuando como um antagonista seletivo do receptor tipo
D2 da dopamina. (34)

Também foi avaliada a capacidade de modulagdo do cronotropismo atrial em
comparagdo com as catecolaminas cléssicas e foi verificado que a 6-nitrodopamina possui um
mecanismo duplo de ac¢do: causa aumento na frequéncia atrial independente da ativagdo da PKA
e liberacédo de catecolaminas dos terminais adrenérgicos.(35,36)

Através da avaliacdo dos vasos periféricos humanos também foi possivel verificar que a
6-nitrodopamina é a principal catecolamina liberada pelos vasos em questdo. A dopamina
derivada do endotélio tem sido identificada como um importante agente contratil da artéria e da
veia poplitea. Além disso, os antagonistas seletivos do receptor D2 da dopamina, como a 6-
nitrodopamina, tém demonstrado potencial terapéutico no controle desse tipo de vaso

sanguineo. (37)

1.4 MORFOLOGIA DO VAS DEFERENS DO RATO
1.4.1 CARACTERISTICAS BASICAS

O ducto deferente possui cerca de 6 centimetros em camundongos adultos. Se origina no
escroto na cauda do epididimo e termina no ducto ejaculatério da pelve e pode ser diferenciada
em porcdo proximal e distal. As porgdes do ducto deferente do rato pode ser diferenciada de
acordo com suas caracteristicas do epitélio, lamina prépria, suprimento vascular e da camada

muscular que envolve o ducto.(38-40)
1.4.2 PORCAO PROXIMAL

Em um corte transversal, o ducto deferente proximal é achatado no plano de seu

mesentério de suporte. O achatamento envolve apenas a camada muscular e resulta em uma
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distribuicdo assimétrica de feixes musculares ao redor do ducto. Embora o raio da secdo
transversal do lumen seja uniforme ao redor do ducto, o 6rgdo como um todo possui €ixos
maiores e menores distintos. Os feixes musculares sdo orientados principalmente
longitudinalmente embora na porcao proximal do vas deferens uma camada profunda de feixes

musculares circulares é encontrada logo abaixo da lamina prépria.(38—40)

A maior parte do suprimento sanguineo do vas deferente chega lateralmente ao plano de
maior eixo proximo ao musculo e dentro do mesentério. Os nervos ndo parecem acompanhar 0s
feixes vasculares, embora existam alguns neur6nios proximos aos vasos sanguineos principais.
Em vez disso, neurdnios individuais, tanto mielinizados quanto ndo mielinizados, percorrem a
superficie do revestimento muscular ao redor de toda a sua circunferéncia para formar um plexo

denso. Ramos séo enviados profundamente no masculo a partir deste plexo periférico. (38-40)

A topologia do lumen no ducto deferente proximal é relativamente simples. Sua forma
bruta é similar a de um cilindro afilado; o didmetro luminal diminuindo de um intervalo de 340-
350 pm na extremidade do epididimo para 150-190 pm no ponto médio aproximado do 6rgéo.
Isso ocorre tanto porque a altura das células epiteliais aumenta ao longo do ducto quanto porque
o diametro do epitélio mais a lamina propria diminui. Também é digno de nota que a densidade
da rede capilar subepitelial aumenta distalmente. (38—40)

1.4.3 PORCAO DISTAL

As secOes transversais do ducto deferente distal sdo circulares em perfil devido a
aquisicdo de espessas camadas musculares longitudinais. A distribuicdo dos nervos e vasos
sanguineos principais € semelhante a do canal proximal, exceto que parece haver um nimero

maior de nervos mielinizados aqui do que os encontrados na porgéo proximal.(38-40)

Na regido juncional entre os vasos deferentes proximal e distal, o epitélio comeca a
apresentar crenulagdes ou dobras. O que sinaliza o inicio do extenso dobramento do epitélio que

é caracteristico do segmento distal. Em qualquer secéo transversal ao longo do canal. (38—40)

Em alguns casos, parece que as dobras internas estdo dispostas em espiral ao longo do
comprimento do tubo. Os tecidos conjuntivos e capilares da lamina propria, mas ndo o musculo,
sdo transportados para dentro das dobras e os capilares formam uma rica rede subepitelial. As
mudancas drasticas na geometria do limen dificultam a avaliacdo do diametro luminal real nos

canais deferentes distais. (38-40)

O limen efetivo é representado pela &rea em forma de estrela nas pontas das
microvilosidades, e o volume luminal é bastante reduzido em comparagdo com as regides mais

proximais. N&o se sabe ao certo se o liumen aumenta de tamanho durante a ejaculacéo. (38-40)
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1.4.4 PORCAO TERMINAL

Perto de sua terminacdo, o epitélio do ducto deferente distal se modifica. As células
principais colunares altas que sdo caracteristicas dos vasos distais sdo perdidas em algumas
areas e substituidas por ninhos de pequenas células que fagocitam ativamente os espermatozdide
(38-40)

Distalmente a essa area, o ducto deferente torna-se confluente com os ductos terminais
da vesicula seminal, glandula coagulante e glandulas do ducto deferente para formar o ducto
ejaculatério. Nessa area de juncdo, o epitélio caracteristico do ducto deferente distal da lugar a

um epitélio mais simples. (38-40)

Essa estrutura é formada por células colunares com citoplasma infranuclear reduzido e
sem microvilosidades evidentes. Essas células assemelham-se as que revestem os ductos das

glandulas dos canais deferentes. (41)
1.5 NEUROFISIOLOGIA DA EJACULACAO

A ejaculacdo compreende dois processos separados: emissdo e expulsdo. Durante a
emissdo, ha a liberacdo de espermatozoides e componentes do liquido seminal na uretra
prostatica. Apés essa etapa, a expulsdo comega com contragdes ritmicas intensas dos masculos
estriados perineais e do esfincter uretral estriado, impulsionando o sémen para fora do corpo.
(41-47)

A expulsdo decorre da intensa ativagdo do sistema nervoso simpatico, desencadeando
espasmos ritmicos nos musculos perineais e coordenando os esfincteres interno e externo da
uretra. Essas contracBes ritmicas sdo associadas a sensacdo de orgasmo. Em média, um
individuo jovem e saudavel experimenta de 10 a 15 contragdes por ejaculacdo, com a frequéncia

podendo diminuir durante o orgasmo.(42-45)

A ejaculacdo requer a ativagdo tanto do sistema nervoso auténomo guanto do sistema
nervoso somatico, além do envolvimento dos neurotransmissores ndo adrenérgicos nao
colinérgicos (NANC) na regulacdo da atividade das glandulas acessorias. De acordo com
estudos neuroanatdbmicos, ha indicios de que o sistema parassimpatico é responsavel pela
secrecao epitelial, enquanto o sistema nervoso simpatico controla o tom e as contragdes da

musculatura lisa no trajeto seminal.(44,47,48)

As observacOes clinicas tém confirmado a importancia critica do sistema nervoso
simpatico no controle urogenital masculino. A anejaculacdo ou ejaculacdo retrograda sao

consequéncias observadas em pacientes com danos no nervo simpatico eferente. Utilizando a
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estimulacdo elétrica do plexo hipogastrico, que abriga neurdnios simpaticos p6s-ganglionares, é

possivel realizar a coleta de sémen em homens com paraplegia.(44,46,49)

O adequado fluxo ejaculatério anterogrado requer a coordenacao precisa dos muasculos
estriados da regido pélvica e do esfincter uretral externo. A inervacdo motora desses musculos é
mediada pelo nervo pudendo. Além disso, a funcdo dos aferentes sensoriais genitais é
fundamental na ejaculacdo, influenciando as respostas contrateis em diferentes estimulos
sensitivos. Por exemplo, a aplicacdo de estimulacédo vibratdria peniana na glande tem sido eficaz
na coleta de esperma em mais de 50% dos casos em homens com lesdes na medula
espinhal.(44,50-52)

O controle da ejaculacdo envolve diferentes regides da coluna vertebral. Neurénios
simpaéticos pré-ganglionares localizados na coluna intermediolateral e na coluna cinzenta dorsal
(T12-L2) inervam a area urogenital. Parassimpaticos pré-ganglionares, responsaveis pela
inervacdo da érea urogenital, estdo localizados na coluna intermediolateral entre S2-S4.
Neurdnios somaticos responsaveis pela inervacdao motora dos esfincteres pelviperineal e uretral
sdo encontrados no nacleo de Onuf no corno ventral de S2-S4. Além disso, um grupo de
interneurdnios espinhais foi identificado em modelos animais como geradores de
ejaculacdo.(41,44,47,49-52)

Um elemento fundamental na inducdo da ejaculagdo foi identificado na area lombar
entre L3 e L4. Estes segmentos de neurbnios espinotaldmicos, conhecidos como geradores
espinotaldmicos da ejaculagdo, coordenam os processos autbnomos e somaticos (pudendo),
desencadeando o processo ejaculatorio. Esses interneurdnios integram e coordenam informacdes
somatossensoriais, incluindo impulsos excitatorios e inibitorios supraespinhais. (41,44,47,49—
52)

A regulacdo cerebral da ejaculacdo é intrincada e deriva da interacdo entre diversos
grupos neurais distribuidos em diferentes regides cerebrais, subdivididos em
sensiveis/integrativos, excitatdrios e inibitorios. As areas cerebrais que participam ativamente da
ejaculacdo sdo a divisdo postero-medial do nlcleo leito dos estriaterminais, a area pdstero-
dorsal da amigdala, o nucleo pré-Optico postero-dorsal e a parte parvocelular do talamo
subparafascicular. (41,44,47,49)
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2 - OBJETIVOS
2.1 Objetivos Gerais

Investigar o papel fisioldgico da 6-nitrodopamina, dopamina, noradrenalina e adrenalina no vas

deferens epididimal isolado de rato (VDEIR).
2.2 Objetivos Especificos

I. Avaliar o papel da 6-nitrodopamina e demais catecolaminas na contracdo induzida por EFS
em VDEIR.

I1. Avaliar o papel dos antidepressivos triciclicos na contragdo induzida por 6-nitrodopamina,
dopamina, noradrenalina e adrenalina;

III. Avaliar o papel dos antagonistas os-adrenérgicos na contracdo induzida por 6-

nitrodopamina, dopamina, noradrenalina e adrenalina;

IV. Caracterizar o mecanismo farmacoldgico das contragdes induzidas por EFS em ducto

deferente isolado de rato;

V. Quantificar a liberacdo da dopamina por LC-MS/MS;
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3 MATERIAIS, METODOS E RESULTADOS
3.1 Artigo 1 - 6-Nitrodopamine is an endogenous mediator of rat isolated epididymal vas

deferens contractions induced by electric-field stimulation

José Britto-Janior, Luiz Ximenes, André Ribeiro, Adriano Fregonesi, Rafael Campos, Luiz
Ricardo de Almeida Kiguti, Fabiola Z. Monica, Edson Antunes, Gilberto De Nucci
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ARTICLEINFO ABSTRACT
Keywords: 6-nitrodopamine (6-ND) iz releazed from human umbilical cord 1z and modul v 1 ivity by
Dopamine xdnguadopamineanngunint.l‘lmweiuv igate whether 6-ND iz rel d by the rat izolated vas deferens
Nitric oxide and itz effect on thiz tissue. Dopami drenaline, adrenaline and 6-ND levels were quantified in rat isolated
Rjaculation vas deferena by LC-Ms-Ms. thmc-ﬁdd stimulation (EFS) and concentration-response curves to 6-ND,
‘h:kyd:' knﬁldepm drenali pamine and adrenaline were perfc d in the ab and in the presence (30 min) of L-
Cyclobenzagrine NAMB, 8CH-23390 lulopmdol, PG-01037, wnepuprmk desipramine, clomipramine, amitriptyline, cyclo-
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Basal releazes of 6-ND and noradrenaline were detected from the rat icolated vas def 6-ND rel waz
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SCH-23390 caused 1 d chifts on conc P curves to 6-ND without affecting dopamine- or

EPFS-induced RIEVD contractions. Haloperidol, PG-01037 and sonepiprazole caused significant rightward shifts
on concentration-response curves to dopamine but had no effect on either the 6-ND or EFS-induced RIEVD
contractiona.

The tricyclic compounds desipramine, clomipramine, amitriptyline, cyclob prine and carb pi
mdmdngbtwardnhfnon&mmncenmumwcumbutdldmt duce the drenaline, dopami
and ile resp ﬂaeyahoxedu:eddum“ducedmmmmmmcmnolbutm
in tissues obtained from L-NAME. d ani Map: ¥ rbazepine, p ine and } in had no
effect in either 6-ND or EFS-induced RIEVD

Thua, 6-ND modul RIEVD tility, and desipramine, clomipramine, amitriptyline, cyclob

and carb pine act as selective 6-ND ptor antagoniots.

1. Introduction noradrenaline (Chiari et al, 2000). These observations indicate that the

nitrocatecholamines may act as neuronal mediators in the central ner-

The nitrocatecholamines nitronoradrenaline (NN) and nitroadrena- vous system.

line have been extracted from rat brain (Tsunoda et al., 2007) and Endothelium-dependent basal release of both dopamine (Britto-Ju-
6-nitronoradrenaline (6-NN) was detected in microdialysates of the rat nior et al., 2020a) and 6-nitrodopamine (6-ND) was identified by tan-
spinal cord dorsal horn (Chiari et al., 2000). Noradrenaline transport in dem mass spectrometry in Chelonoidis carbonaria aorta (Campos et al_,
rat synaptosomes is inhibited by 6-NN (Shintani et al., 1996) and the 2021). Human umbilical cord vessels (HUCV) also present a basal
intratechal administration of 6-NN induces analgesia due to release of release of both dopamine (Britto-Junior et al., 2020b) and 6-ND
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(Britto-Junior et al, 2021) and the synthesiz of 6-ND was inhibited by
incubation with the nitric oxide (NO) synthesis inhibitor L-NAME.
Interestingly, 6-ND modulates HUCV reactivity through selective
antagonism of dopamine Dj-like receptors, indicating that 6-ND may
have modulatory role outside the central nervous system (Britto-Junior
et al., 2021) Electric field stimulation (EFS) causes a biphasic muscular
contraction in the rat izolated vas deferens, which is characterized by an
initial purinergic (ATP) component, followed by an adrenergic
(noradrenaline) component (French and Scott, 1983). The purinergic
element is more prominent in the prostatic portion whereas the adren-
ergic contraction iz more predominant in the epididymal part (Anton,
Duncan & MeGrath, 1977). In this manuscript, the potential release of
6-ND from rat isolated vas deferens and the effect of this novel cate-
cholamine in the vas deferens contractility have been investigated.

The results here reported show that rat isolated vas deferens presents
a basal release of 6-ND in addition to noradrenaline, as detected by
tandem mass spectrometry (LC-MS-MS). The dopamine receptor antag-
onist Dy (SCH-23390; Hyttel, 1983) caused a left-shift on the
concentration-response curve to 6-ND, but it had no effect on the con-
tractions induced by dopamine or EFS in the rat izolated epididymal vas
deferens (RIEVD). The D like (haloperidol; Miranda et al.. 1928), D3
(PG-01037; Grundt et al., 2005) and D4 (sonepiprazole; Merchant et al.,
1996) receptor antagonists caused significant right-shifts on the
concentration-response curves to dopamine, but they did not inhibit the
6-ND- or EFS-induced RIEVD contractions.

The tricyclic compounds desipramine, clomipramine, amitriptyline,
cyclobenzaprine and carbamazepine caused selective rightward shifts
on the concentration-response curves to 6-ND in the RIEVD, without
inhibiting the contractile responses to dopamine, noradrenaline and
adrenaline. The EFS-induced RIEVD contractions were significantly
reduced by these tricyclic compounds, however they had no effect on the
EFS-induced contractions of RIEVD obtained from animals chronically
treated with L-NAME. Maprotiline, paroxetine, ketanserin and the tri-
cyclic compound oxcarbazepine had no effect on either 6-ND or EFS-
induced contractions.

These results indicate that 6-ND is an endogenous mediator of EFS-
induced contractions of RIEVD, and that the selective antagonism of
the 6-ND receptor by the tricyclic antidepressants may constitute a novel
mechanism of action by which these drugs delay ejaculation in man (Hz=u
and Shen, 1995).

2. Methods
2.1. Animals

Adult male Wistar rats (280-320 g) were provided by the animal care
of University of Campinas (UNICAMP) and University of Sao Paulo
(USP). All experimental protocols were authorized by the Institutional
Animal Care and Use Committee (CEUA/UNICAMP: 5557-1/2020) and
followed the Animal Research: Reporting In Vivo Experiments (ARRIVE)
guidelines (Percie du Sert et al., 2020). Animals were housed in cages (n
= 3 per cage) located in ventilated cage shelters with constant humidity
of 55% + 5% and temperature of 24 + 1°C under a 12-h light-dark cycle
and received filtered water and standard food ad libitum.

2.2. Reagents

Dopamine, adrenaline, noradrenaline, desipramine, serotonin, SCH-
23390, ascorbic acid, carbachol, atropine and N®-Nitro-L-arginine
methyl ester hydrochloride (L-NAME) were acquired from Sigma-
Aldrich Chemicals Co. (St Louis, Missouri, USA). Amitriptyline, clo-
mipramine, cyclobenzaprine, haloperidol and paroxetine were obtained
from Vamsi Labs Ltd. (Solapur, Maharashtra, India). Maprotiline was
obtained from Beijing Merzon Pharm (Daxing District, Beijing, China).
Carbamazepine, oxcarbazepine, ketanserin and sonepiprazole were
purchased from Cayman Chemical Co (Michigan, USA). PG-01037 was
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bought from Bio-Techne Corporation (Minneapolis, Minnezota, EUA).

Dopamine-ds hydrochloride, DL-noradrenaline-ds hydrochloride
and adrenaline-dq hydrochloride were acquired from CDN Isotopes
(Point Claire, Quebec, Canada). 6-nitrodopamine and 6-nitrodopamine-
d4 were purchased from Toronto Research Chemicals Inc (Toronto,
Ontario, Canada). Aluminium oxide was purchased from Dinamica
Quimica Contemporanea Ltda (Indaiatuba, Sao Paulo, Brazil). Sodium
chloride (NaCl), potassium chloride (KCI), calcium chloride (CaCly),
magnesium sulfate (Mg80,), sodium bicarbonate (NaHCO3), potassium
phosphate monobasic (KH;PO4) and glucose were acquired from Merck
KGaA (Darmstadt, Germany). Acetonitrile and methanol were bought
from J.T. Baker (Phillipsburg, NJ, USA) and formic acid from Mal-
linckrodt (St Louis, Missouri, USA).

2.3. L-NAME treatment

Rats were chronically treated with the nitric oxide synthase inhibitor
L-NAME (20 mg/rat/day) in the drinking water for 4 weeks minimum
(Ribeiro et al., 1992). Control animals received tap water alone.

2.4. Rat isolated vas deferens (RIVD) preparations

Euthanasia was performed by isoflurane overdose, in which animals
were exposed to a concentration greater than 5% until 1 min after the
breathing stops. Exzanguination was performed to confirm the eutha-
nasia. The vas deferens was removed and immediately placed in Krebs-
Henseleit’s solution (KHS) of the following composition (118 mM NaCl,
4.7 mM KCl, 2.5 mM CaClz, 1.2 mM MgS804, 25 mM NaHCOs, 1.2 mM
KH3,PO4, 5.6 mM glucose). Bpididymal portions of vas deferens were
surgically dissected (length, 1.5 cm, each) for functional studies.

2.5. Basal release of catecholamines in RIVD

Two whole strips of RIVD from one rat were suspended in 5-mL organ
bath containing KHS (pH 7.4) and ascorbic acid (3 mM) continuously
gassed with a mixture of 95%60,:5%CO; at 37 “C for 30 min. The RIVD
whole strips were incubated in the absence and in the presence of L-
NAME (100 pM, 30 min). Two aliquots of 2 mL of the supernatant were
transferred to two tubes and stored at —20 *C until analysis (Britto et al.,
2020b, 2021). The same procedure was employed to evaluate the basal
release of catecholamines from RIEVD of animals chronically treated
with L-NAME.

2.5.1. Extraction and quantification of 6-nitrodopamine (6-ND) by LC-
MS/MS analysis

The extraction and quantification of 6-ND in KHS were performed as
reported previously (Campos et al. | 2021). Briefly, 6-ND was extracted
from 1 mL of KHS by solid phase extraction (SPE). Calibrators and
quality controls (QCs) prepared in blank KHS and the KHS samples
obtained from RIVD strips for 30 min were spiked with 50 pL of the
internal standard (I5) solution (6-ND-d4, 100 ng/mL). Extraction car-
tridges were conditioned with 1 mL of methanol and then equilibrated
with 2 mL of deionized water. The samples were transferred to the
extraction cartridges and washed three times with deionized water. The
samples were eluted with 0.9 mL methanol/deionized water (90/10,
v/v) plus 0.1% formic acid and followed by evaporation under N flow
at 50 °C. The dry residues were dissolved with 100 pL acetoni-
trile/deionized water (50/50, v/v) plus 0.1% formic acid, transferred to
vials and submitted to chromatographic analysis.

The separation of 6-ND was performed on a 150 mm x 3.0 mm Shim-
pack GIST-HP C;g column, 3-pym particle size (Shimadzu, Duisburg,
Germany) held at 65 °C. A 75% of mobile phase A consisting of deion-
ized water with 0.19% formic acid (v/v) and 25% of mobile phase B
consisting of acetonitrile/deionized water (90/10, v/v) plus 0.1% for-
mic acid at a flow rate of 350 uL/min in an isocratic mode were used.
The detection of 6-ND and IS was carried out by a LC-MS-8060 triple
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quadrupole mass spectrometer (M5/MS) (Shimadzu, Kyoto), operating
in positive ionization mode. The analyses were performed in the mul-
tiple reaction monitoring (MRM) mode. The protonated ions [M + H]*
and their respective ion products monitored were 199.10 > 181.95 and
203.10 > 186.00 for 6-ND and 6-ND-d4, respectively.

2.5.2. Extraction and quantification of dopamine, noradrenaline and
adrenaline by LC-MS/MS analysis

The extraction and quantification of dopamine, noradrenaline and
adrenaline in KHS with ascorbic acid (3 mM) were carried out as pre-
viously described (Britto et al, 2020c). Briefly, 100 pL of the internal
standards (dopamine-d;, noradrenaline-d, and adrenaline-ds at 100
ng/mL) were added to the KHS (2 mL) followed by 1.5 mL of deionized
water. After vortexing for 10 s, 100 mg of Al,04 was added and left for
incubation for 20 min in an orbital agitator. The tubes were then
centrifuged at 2000 g for 4 min at 4 °C and the supernatant discarded.
The residue was washed four times with 2 mL of deionized water. After
the final washing, 200 pL of a solution containing trifluoroacetic acid
0.1% in HCN/H20 (60/40; v/v) were added. After vortexing for 40 s, the
Eppendorf tubes were centrifuged for 2000 g for 5 min and the super-
natant transferred to the vials for injection. The samples were analyzed
by liquid chromatography coupled to a triple quadrupole mass spec-
trometer, LC-M5-8050 (Shimadzu, Kyoto). The separation of catechol-
amines was performed on a 100 x 4.6 mm Lichrospher RP-8 column (GL
Sciences Inc., Tokyo) using acetonitrile/water (5/95, v/v) with 0.1%
formic acid as mobile phase at a flow rate of 0.4 mL/min. The mass
spectrometer operated in positive electrospray ionization mode (ES*)
for catecholamine detection. The analyses were executed in selected
Multiple Reaction Monitoring (MRM) detection mode. The protonated
ions [M + H]* and their respective ion products monitored were 154.00
> 91.15, 170.10 > 107.10 and 184.20 > 107.00 for dopamine,
noradrenaline and adrenaline, respectively and 157.00 > 93.00, 176.10
> 158.10 and 190.00 > 171.95 for dopamine-d3, noradrenaline-d6 and
adrenaline-d6, respectively.

2.6. Preparation of rat isolated epididymal vas deferens (RIEVD) for the
in vitro functional assays

The RIEVD was suspended vertically between metal hooks in 10-mL
organ baths containing KHS (pH 7.4), continuously gassed with a
mixture of 95%0,: 5%CO, at 37 °C. Tissues were allowed to equilibrate
under a resting tension of 10 mN, and the isometric tension was regis-
tered using a Powerlab system (ADInstruments, Sydney, Australia).
Following a 45-min stabilization period, the RIEVD were contracted
with a single concentration of noradrenaline (NA, 3 pM) to verify the
tizsue viability.

Cumulative concentration-response curves to 6-ND, dopamine,
noradrenaline, adrenaline, carbachol and serotonin (5-HT) were per-
formed in RIEVD strips, in the absence and presence of L-NAME (100
uM, 30 min), SCH-23390 (100 nM, 30 min), haloperidol (100 nM, 30
min), PG-01037 (10 nM, 30 min), sonepiprazole (100 nM, 30 min),
desipramine (100, 30 min), clomipramine (100 nM, 30 min), amitrip-
tyline (100, 30 min), cyclobenzaprine (100 nM, 30 min), carbamazepine
(100 nM, 30 min), maprotiline (100 nM, 30 min), paroxetine (100 nM,
30 min), oxcarbazepine (100 nM, 30 min), ketanserin (10 nM, 30 min)
and atropine (10 nM, 30 min). In another set of experiments the effect of
desipramine, clomipramine, amitriptyline, cyclobenzaprine and carba-
mazepine on the 6-ND concentration-response curve were evaluated at3
different concentrations (30, 100 and 300 nM).

Contractions of RIEVD induced by EFS were also evaluated. The
RIEVD were submitted to EFS at 60 V for 20 s, at 2-16 Hz in square-wave
pulses, 0.3 ms pulse width, and 0.1 ms delay, using a Grass 588 stimu-
lator (Astro-Medical, Industrial Park, RI, USA). EFS-induced RIEVD
contractions were evaluated in the absence and in the presence of L-
NAME (100 pM, 30 min), SCH-23390 (100 nM, 30 min), haloperidol
(100 nM, 30 min), PG-01037 (10 nM, 30 min), sonepiprazole (100 nM,
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30 min), desipramine (100 nM, 30 min), clomipramine (100 nM, 30
min), amitriptyline (100 oM, 30 min),cyclobenzaprine (100 nM, 30
min), carbamazepine (100 nM, 30 min), maprotiline (100 nM, 30 min),
paroxetine (100 nM, 30 min), oxcarbazepine (100 nM, 30 min), ketan-
serin (10 nM, 30 min) and atropine (10 nM, 30 min).

2.7. Data analysis

Nonlinear regression analysis to determine the pECg was carried out
using GraphPad Prism (GraphPad Software, version 6.0, San Diego,
California, USA) with the constraint that F = 0. All concen-
tration-response data were evaluated for a fit to a logistics function in
the form: E = Eg,,/([1 + (10c/10x)n] + F, where E represents the in-
crease in response contractile induced by the agonist, Epay iz the effect
agonist maximum, c is the logarithm of concentration of the agonist that
produces 50% of Emay, x is the logarithm of the concentration of the
drug; the exponential term, n, is a curve fitting parameter that defines
the slope of the concentration-response line, and F is the response
observed in the absence of added drug. The results were expressed as
mN. One strip was used as the control response and the other strip was
incubated with an antagonist/inhibitor. Student’s two-tail unpaired t-
test was employed and the differences between groups. In addition,
standard ANOVA, followed by the Newman-Keuls post-test, were used
when more than two groups were involved, as for the experiments
shown in Figs. 3-8. The distribution of the log values (pECgy) was
normal for each agonist, confirmed by the Shapiro-Wilk test (Motulsky,
2014). A p value of less than 0.05 was considered statistically
significant.

3. Results

3.1. Levels of 6-ND, dopamine, noradrenaline and adrenaline in RIVD
strips by LC-MS-MS

The calibration curve of 6-ND was linear for concentrations of
0.1-10 ng/mL, with a correlation coefficient higher than 0.99 (data not
shown). The limit of quantification was 0.1 ng/mL. A basal release of 6-
ND was detected in RIVD strips (Fig. | A and B). Pre-treatment of the
RIVD strips with L-NAME (100 pM) for 30 min caused a significant
reduction of basal 6-ND release (p = 0.0021; Fig. 1A). A smaller, but
significant reduction of 6-ND levels, was also observed in RIVD obtained
from animals chronically treated with L-NAME (Fig. 1B).

The calibration curves for dopamine, noradrenaline and adrenaline
were linear for concentrations of 0.1-10.0 ng/mL, with a correlation
coefficient higher than 0.99 (data not shown). The limit of quantifica-
tion was 0.1 ng/mL. A basal release of noradrenaline was detected (0.4
+ 0.2 ng/mL; n = 10), but it was not significantly affected by pre-
treatment with L-NAME for 30 min (0.5 + 0.3 ng/mL, n = 10; p =
0.6153). Dopamine and adrenaline concentrations in RIVD were below
the limit of quantification (data not shown).

3.2. Effect of dopamine receptor antagonists on RIEVD contractions
induced by dopamine, 6-ND and EFS

Dopamine (InM-1 mM) and 6-ND (1 nM-1 mM; pEC50 4.64 = 0.10n
= 16) produced concentration-dependent contractions and EFS (2-16
Hz) caused frequency-dependent contractions of RIEVD (Fig. 2). Incu-
bation with the dopamine D receptor antagonist SCH-23390 (100 nM)
had no effect on dopamine concentration-curve (Fig. 2A) but caused a
significant leftward shift on the concentration-response curves to 6-ND
(p = 0.0349; Fig. 2B). The EF8-induced RIEVD contractions were not
affected by prior incubation with SCH-23390 (100 nM; Fig. 2C).

Incubation with the dopamine D,-like receptor antagonist haloper-
idol (100 nM) caused a significant rightward shift of the concentration-
response curves to dopamine (p = 0.0017; Fig. 2D), but had no effect on
the concentration-response curves to 6-ND (p = 0.4518; Fig. 2E). The
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EFS-induced RIEVD contractions were not affected by prior incubation nM) caused a significant rightward shift of the concentration-response
with haloperidol (100 nM; Fig. 2F). curves to dopamine (p = 0.0029; Fig. 2G) but no had effect on the
Incubation with the dopamine Dy receptor antagonist PG-01037(10 concentration-response curves to 6-ND (p = 0.4977; Fig. 2H). The EFS-
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induced RIEVD contractions were not affected by prior incubation with with sonepiprazole (100 nM; Fig. 2M).
PG-01037 (10 nM; Fig. 2I).
Incubation with the dopamine D4 receptor antagonist sonepiprazole ) ) .

(100 nM) caused a significant rightward shift of the concentration- - Lfject of desipramine on RIEVD contractions induced by

response curves to dopamine (p = 0.0121; Fig. 2J) but bad no effect “Oocholamints and EFS

on the concentration-response curves to 6-ND (p = 0.2022; Fig. 2L). The X 3 ) ) o 3

EFS-induced RIEVD contractions were not aff 1 by prior incubation lncutfauon with desipramine (100 nM) caused a significant right-
ward shift (p = 0.0254) on the concentration-response curves to 6-ND
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(Fig. 3A) and a significant leftward shift (pECso 5.45 + 0.08 and 6.08 =
0.11 with and without desipramine, respectively) on the concentration-
response curves to noradrenaline (Fig. 3A). The rightward shift on the 6-
ND concentration-response curve was concentration-dependent (6.0 +
0.7,13.8+ 1.7 and 30.5 + 5.3 for 30, 100 and 300 nM, respectively, n =
4; p = 0.0013, Fig SO1A). Electric-field stimulation caused frequency-
dependent RIEVD contractions (Fig. 3B), which were all significantly
reduced by prior incubation with desipramine (100 nM; Fig. 3B).
Similarly, in RIEVD obtained from chronic L-NAME treatment,

desipramine (100 nM) also caused a significant rightward shift (p =
0.0001) on the concentration-response curves to 6-ND (Fig. 3C) and a
significant leftward shift (p = 0.0109) on the concentration-response
curves to noradrenaline (Fig. 3C). However, in chronic L-NAME-
treated preparations, desipramine (100 nM) failed to significantly affect
the EFS-induced RIEVD contractions in all frequencies tested (Fig. 3D).

Desipramine (100 nM) caused no significant shifts (p = 0.6289) on
the concentration-response curve to dopamine (Table 1) but provoked a
significant leftward shift (p = 0.0210) on concentration-response curve
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Fig. B. Effect of maprotiline (100 oM, panel A and B), paroxetine (100 nM, panel C and D) and oxcarbazepine (100 oM, panel E and F) in the rat ivolated epididymal

was deferens (RIEVD). Maprotiline caused significant leftward shift of the concentration-response curves to NA but it did not affect the concentration-responze curves

to 6-ND (panel A). The contractiona of the RIEVD induced by EFS were not affected by maprotiline (100 nM; Panel B). Paroxetine caused zignificant leftward shift of

the concentration-response curves to NA but it did not affect the concentration-response curves to 6-ND (panel C). The contractions of the RIEVD induced by EFS

were not affected by paroxetine (100 nM; Panel D). OxcubmpmeuuudunxmﬁthdthecmcmmwwmwNAandﬁ-ND(pandA) The

contractions of the RIEVD induced by EFS were not affected by oxcarbazepine (100 nM; Panel F). P < 0.05 compared with resp e I val n the
ber of vas def stripa.

to adrenaline (Table 2). In RIEVD obtained from animals chronically but maintained a significant leftward shift (p = 0.0003) on
treated with L-NAME, desipramine (100 nM) caused no significant shift concentration-response curve to adrenaline (Table 4).
(p = 0.4702) on the concentration-response curve to dopamine (Table 3) Desipramine had no effects on the Emax values of 6-ND (Fig. 3A,C),
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Table 1 Table 2

The potency (pECso) and maximum response (Egmu) of the The p v (pECso) and maximum response (Egux) of the concentration-

P curves to dopamine in rat isolated epididymal vas deferens. responoe curves to adrenaline on rat isolated epididymal vas deferena.

Dopamine PECzo (Jog[M]) Exx (mN) n Adrenaline pECw (log[M]) Bz (mN) n
Coatrol 493013 10.47 = 1.34 6 Control 443X 016 992% 1.60 4
Desipramine (100 nM) 483019 10.87 £ 1.34 6 Desipramine (100 nM) 507+ 0.12* 956+ 1.17 4
Control 476 £ 025 11.90% 207 4 Coatrol 458 014 931+ 083 a4
Clomipramine (100 nM) 482+ 032 1154 242 4 Clomipramine (100 nM) 4881 024 8.02% 059 4
Control 4.67 £ 0.30 850177 4 Control 4.76 % 024 880+ 1.32 4
Amitriptyline (100 nM) 465 028 794210 4 Amitriptyline (100 nM) 506 035 812+ 1.15 4
Control 460 043 837126 4 Control 4.97 = 0.30 7.56% 1.07 4
Cyclobenzagrine (100 nM) 450+ 0.45 846+1.23 4 Cyclobenzaprine (100 nM) 498+ 025 719+ 1.10 4
Control 4.37 £ 032 8.19%+1.10 4 Coatrol 5064 029 819+ 1.10 4
Maprotiline (100 nM) 443020 8.16 £ 084 4 Mapeotiline (100 nM) 571 0.17** 816 0.84 4
Control 444 %010 792092 4 Control 476 013 853+ 071 a4
Paroxetine (100 nM) 454015 658 1.27 4 Pasoxetine (100 nM) 5384 0.10** 697 = 0.80 4
Control 447 £ 019 651 +£1.60 4 Control 473x 011 686 1.48 4
Carbamazepine (100 nM) 448017 606 1.21 4 Carbamazepine (100 nM) 4.72 % 006 580+ 1.68 4
Control 451014 815054 4 Control 495% 014 858 % 042 4
Oxcarbazepine (100 nM) 447 £ 019 898 +1.03 4 Oxcarbazepine (100 nM) 473+ 022 827 042 4

PECS0 io defined as the negative logarithm of the ECsy; Emax is the maximal
effect at high drug; n the ber of vaz def otrips.

noradrenaline (Fig. 3A,C), dopamine (Tables 1 and 3) or adrenaline
(Tables 2 and 4).

3.4. Effect of clomipramine on RIEVD contractions induced by
catecholamines and EFS

Incubation with clomipramine (100 nM) caused a significant right-
ward shift (p = 0.0001) on the concentration-response curves to 6-ND
without affecting the concentration-response curves to noradrenaline
(p = 0.2865; Fig. 4A). The rightward shift on the 6-ND concentration-
response curve was concentration-dependent (3.0 + 1.4, 175 £ 5.7
and 19.5 + 4.5 for 30, 100 and 300 nM, respectively, n = 4; p = 0.0057;
Fig 501B). Electric-fleld stimulation caused frequency-dependent RIEVD
contractions (Fig. 3B), which were significantly reduced by prior incu-
bation with clomipramine in all frequencies tested (100 nM; Fig. 4B).

In RIEVD obtained from animals chronically treated with L-NAME,
clomipramine (100 nM) caused significant rightward shift (p = 0.0024)
on the concentration-response curves to 6-ND (Fig. 4C) but produced no
significant shift (p = 0.1146) of the concentration-response curves to
noradrenaline (Fig. 4C). In RIEVD obtained from animals chronically

PECS0 iz defined an the negative logarithm of the ECsy; Emax is the maximal
eﬂzctatlnghdmmn the b ofvu‘ fe atripa.

‘P <0.05 d with i k

**P < 0.01 :ompnredmthmqaemveomuolvaluu

Table 8

The potency (pECse) and maximum response (Egu) of the concentration-
responoe curves to dopamine on isolated epididymal vas deferens of rats
chronically treated with L-NAME.

Dopamine PECso (Jog[M]) Equ (mN) n
Chronic LNAME 4411016 675+ 1.12 4
Desipramine (100 n) 4.40+ 0.10 8324 089 4
Chronic L NAME 4574 017 7.67 % 1.87 4
Clomipramine (100 nl) 4.26+ 0.07 8.10+ 070 4
Chronic L-NAME 478+ 033 7.994 1.61 4
Amitriptyline (100 nM) 4624018 886+ 0.90 4
Chronic LNAME 4.69+ 020 5774 1.01 4
Cyclobenzaprine (100 nM) 4.63+ 020 5164 0.20 4
Chronic L-NAME 4714022 6324 077 4
Carbamsazepine (100 nM) 4514014 637+ 0.68 4

PECS0 iz defined an the negative logarithm of the ECg; Emax iz the maximal
effect at high drug; n the ber of vaz def stripa.
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Table 4

The potency (pECso) and maximum response (Egy) of the concentration-
response curves to adrenaline on isolated epididymal vas deferens of rate
chronically treated with L-NAME.

Adrenaline PECg, (logIM]) By (mN) n
Chronic LNAME 548+ 0.15 653 = 0.80 4
Desipramine (100 nM) 663 0.26% 644 = 1.55 4
Chronic L.NAME 549% 0.2]1 6.53 = 0.80 4
Clomipramine (100 nM) §.18x 0.20 746% 133 4
Chronic LNAME 526+ 0.36 6.06 =058 4
Amitriptyline (100 nM) 5.07 % 040 546 + 1.21 4
Chronic LNAME 541 0.24 795% 161 4
Cyclobenzaprine (100 nM) 469+ 0.35 886 % 090 4
Chronic LLNAME §.56% 0.33 763 062 4
Carbamazepine (100 nM) 5544 013 738029 4

pPECSO0 io defined as the negative logarithm of the ECsy; Emax iz the maximal

effect at high drug; n the ber of vaz def atripa.

“+P < 0.01 d with respective 1 vah

treated with L-NAME, desipramine (100 nM) failed to significantly affect
the EFS-induced contractions at any frequency (Fig. 4D).

Clomipramine (100 nM) caused no significant shifts on the
concentration-response curves to dopamine (p = 0.8961; Table 1) and
adrenaline (p = 0.3353; Table 2). In RIEVD obtained from animals
chronically treated with L-NAME, clomipramine also failed to affect the
concentration-response curves to dopamine (p = 0.1692; Table 3) and
adrenaline (p = 0.3311; Table 4).

Clomipramine had no effects on the Emax wvalues of 6-ND,
noradrenaline (Fig. 4A and C), dopamine (Tables 1 and 3) or adrena-
line (Tables 2 and 4).

3.5. Effect of amitriptyline on RIEVD contractions induced by
catecholamines and EFS

Incubation with amitriptyline (100 nM) caused a significant right-
ward shift (p = 0.0151) on the concentration-response curves to 6-ND
without significantly affecting the concentration-response curves to
noradrenaline (p = 0.4190; Fig. 5A). The rightward shift on the 6-ND
concentration-response curve was concentration-dependent (4.2 + 3.0,
21.1 £4.8and 29.1 + 0.1 for 30, 100 and 300 nM, respectively, n=4;p
= 0.0001; Fig 501C). EFS-induced RIEVD contractions were significantly
reduced by prior incubation with amitriptyline in all frequencies tested
(100 nM; Fig. 5B).

In RIEVD obtained from animals chronically treated with L-NAME,
amitriptyline (100 nM) caused a significant rightward shift (p = 0.0022)
on the concentration-rezponse curves to 6-ND (Fig. 5C), but no changes
on the concentration-response curves to noradrenaline were observed
(p = 0.9952; Fig. 5C). In RIEVD obtained from animals chronically
treated with L-NAME, amitriptyline (100 nM) failed to significantly
affect the BFS-induced contractions (Fig. 5D).

Amitriptyline (100 nM) did not significantly affect the
concentration-response curves to dopamine (p = 0.9548; Table 1) or
adrenaline (p = 0.5122; Table 2). The chronic treatment with L-NAME
also failed to change the effects of amitriptyline on the concentration-
response curves to dopamine (p = 0.3462; Table 3) and adrenaline (p
= 0.3648; Table 4).

Amitriptyline had no effect on the Emax of 6-ND, noradrenaline
(Fig. 5A and C), dopamine (Tables 1 and 3) or adrenaline (Tables 2 and
4).

3.6. Effect of cyclobensaprine on RIEVD contractions induced by
catecholamines and EFS

Incubation with cyclobenzaprine (100 nM) caused a significant
rightward shift (p = 0.0205) on the concentration-response curves to 6-
ND (Fig. 6A), without affecting the responses to noradrenaline (p =
0.3740; Fig. 6A). The rightward shift on the 6-ND concentration-
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response curve was concentration-dependent (2.4 + 36, 13.3 + 3.3
and 28.1 + 7.0 for 30, 100 and 300 nM, respectively, n = 4; p = 0.0006
for 100 and 300 nM only; Fig S01D). The EFS-induced RIEVD contrac-
tions were significantly reduced by cyclobenzaprine in all frequencies
tested (Fig. 6B).

In RIEVD obtained from animals chronically treated with L-NAME,
cyclobenzaprine (100 nM) caused a significant rightward shift (p =
0.0002) on the concentration-response curves to 6-ND (Fig. 6C) but no
changes on the responses to noradrenaline were observed (p = 0.23843;
Fig. 6C). In RIEVD obtained from animals chronically treated with L-
NAME, cyclobenzaprine failed to significantly affect the EFS-induced
contractions at any frequency (Fig. 6D).

Cyclobenzaprine (100 nM) caused no significant shifts on the
concentration-response curve to dopamine (p = 0.4849; Table 1) and
adrenaline (p = 0.2060; Table 2). In the chronic L-NAME group,
cyclobenzaprine affected neither the concentration-response curves to
dopamine (p = 0.4186; Table 3) nor to adrenaline (p = 0.0754; Table 4).

Cyclobenzaprine had no effect on the Emax of 6-ND, noradrenaline
(Fig. 6A and C), dopamine (Tables 1 and 3) or adrenaline (Tables 2 and
4).

3.7. Effect of carbamasepine on RIEVD contractions induced by
catecholamines and EFS

Incubation with carbamazepine (100 nM) caused a significant
rightward shift (p = 0.0071) on the concentration-response curves to 6-
ND (Fig. 7A), without affecting (p = 0.0878) the concentration-response
curves to noradrenaline (Fig. 7A). The rightward shift on the 6-ND
concentration-response curve was concentration-dependent (7.7 £+ 1.6
and 8.3 + 3.2 for 30 and 100 nM, respectively, n = 4; p = 0.0212). For
300 nM, the shift was not significant (2.2 £ 1.8) due to the major Ej,,
reduction observed (8.71 £ 1.16 and 3.73 £+ 1.12 mN, control and 300
nM, respectively; n = 4; p= 0.0109; Fig 501 E). Electric-field stimulation
caused frequency-dependent contractions of the RIEVD (Fig. 7B), which
were all significantly reduced by prior incubation with carbamazepine
(100 nM; Fig. 7B).

In RIEVD obtained from animals chronically treated with L-NAME,
carbamazepine (100 nM) causzed a significant rightward shift (p =
0.0223) on the concentration-response curves to 6-ND (Fig. 7C) but no
changes on the responses to noradrenaline were observed (p = 0.4956;
Fig. 7C). In RIEVD obtained from animals chronically treated with L-
NAME, carbamazepine (100 nM) failed to significantly affect the EFS-
induced contractions at any frequency (Fig. 7D).

Carbamazepine (100 nM) caused no significant shifts on the
concentration-response curve to dopamine (p = 0.4948; Table 1) and
adrenaline (p = 0.4736; Table 2). In the chronic L-NAME group, car-
bamazepine affected neither the concentration-response curves to
dopamine (p = 0.4510; Table 3) nor to adrenaline (p = 0.9784; Table 4).

Carbamazepine (100 nM) had no effect on the E_,, of 6-ND,
noradrenaline (Fig. 7A and C), dopamine (Tables 1 and 3) or adrena-
line (Tablez 2 and 4).

3.8. Effect of maprotiline, paroxetine and oxcarbazepine on RIEVD
contractions induced by catecholamines and EFS

Incubation with maprotiline (100 nM) caused no significant right-
ward shift (p = 0.4129) on the concentration-response curves to 6-ND
(Fig. SA) but produced a significant leftward shift on the
concentration-response curves to noradrenaline (p = 0.0378; Fig. SA).
The EFS-induced RIEVD contractions were not affected by maprotiline
in all frequencies tested (Fig. £B).

Paroxetine (100 nM) caused no significant shift (p = 0.8830) on the
concentration-response curves to 6-ND (Fig. 5C) but produced a signif-
icant leftward shift (p = 0.0002) on the concentration-response curves to
noradrenaline (Fig. £C). The EFS-induced RIEVD contractions were not
affected by prior incubation with paroxetine (Fig. £D).
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Incubation with oxcarbazepine (100 nM) caused no significant shifts
on the concentration-response curves to 6-ND (p = 0.2017; Fig. SE) and
noradrenaline (p = 0.0680; Fig. SE), The EFS-induced RIEVD contrac-
tions were not affected by prior incubation with oxcarbazepine (Fig. 5F).

These compounds had no effect on dopamine concentration-response
curves (Table 1). Maprotiline and paroxetine, but not oxcarbazepine,
caused a significant leftward shift on the concentration-response curves
to adrenaline (Table 2).

3.9. Effect of ketanserin on RIEVD contractions induced by 6-ND,
noradrenaline and 5-HT

Incubation with the 5-HT2A antagonist ketanszerin (10 nM) caused
no significant shifts on the concentration-response curves to 6-ND
(pECgy = 4.35 = 0.12 and 4.35 + 0.14; control and treated, respec-
tively; n = 4, p = 0.4484) and noradrenaline (pECgy = 5.03 + 0.20 and
4.99 + 0.09; control and treated, respectively; n = 4, p = 0.8538), but
caused a significant right shift (p = 0.0002) on the concentration-
response curves to 5-HT (pECsp = 4.70 + 0.12 and 3.12 + 0.02; con-
trol and treated respectively; n = 4).

Ketanserin (10 nM) had no effect on the Emax of 6-ND (9.94 + 1.38
and 9.54 + 2.04 mN; control and treated respectively; n 4),
noradrenaline (6.70 + 1.86 and 7.90 £+ 0.75 mN; control and treated,
respectively; n = 4) and 5-HT (4.72 + 0.75 and 4.14 + 0.88 mN; control
and treated, respectively; n = 4).

The EFS-induced RIEVD contractions were not affected by prior in-
cubation with ketanserin (Table 5).

3.10. Effect of atropine on RIEVD contractions induced by carbachol, 6-
ND and EFS

Incubation with the muscarinic antagonist receptor atropine (10 nM)
caused no significant shifts on the concentration-rezponse curves to 6-
ND (Fig. 9 A; p = 0.4060) but abolish the concentration-response
curves to carbachol Fig. 9B; p = 0.0003).

The EFS-induced RIEVD contractions were not affected by prior in-
cubation with atropine (Fig. 9 C).

3.11. Effects of addition of L-NAME on RIEVD contractions induced by
catecholamines and EFS

Incubation of RIEVD with L-NAME in vitro (100 uM) did not signif-
icantly change the concentration-response curves to dopamine (p =
0.9349), adrenaline (p= 0.2277), noradrenaline (p = 0.9349) and 6-ND
(p = 0.438) at the level of both pEC50 and Emax values (Tables 3 and 6).
Similarly, incubation with L-NAME (100 uM) caused no effect on the
EFS-induced RIEVD contractions (Table 7).

4. Discussion

Our results clearly demonstrate for the first time that RIVD presents a
basal release of 6-ND, as characterized by LC-MS-MS. The basal release
of 6-ND was inhibited (92.3%) by incubation with L-NAME, indicating
that the synthesis of 6-ND is coupled to NO synthesis, as observed in the
human umbilical cord vessels. However, in RIEVD strips obtained from

Table 5
Effect of ketanserin (10 nM) on izolated epididymal vas defe i
induced by electric-field stimulation (EFS) of control rats in the presence of
NAME (100 pM).
Frequency Control (mN) L-NAME (mN) n
2Hz 1067 £ 1.39 1264243 4
4 Hz 15.60 % 1.88 1689 % 2.8] 4
8 Hz 23.33+222 2503 %+ 1.83 4
16 Bz 30.76 + 1.89 3175+ 1.9 4
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Table 6
The potency (pECsq) and maximum response (Eguy) of the concentration-
responoe curves to dopamine, noradrenaline, adrenaline and 6-nitrodopamine

in rat izolated epididymal vas def in the pr of L-NAME (100 pM).
Agonist PEC, (log[M]) E sy (mN) n
Coatrol + Dopamine 5.224 030 8.87 + 1.61 5
L-NAME + Dopamine 5.54 + 013 887 +1.18 5
Control + Noradrenaline 578+ 0.13 932 4 0.43 5
L-NAME + Noradrenaline 576+ 0.18 10.68 % 1.37 5
Control + Adrenaline 528+ 0.13 10.15% 045 5
L NAME + Adrenaline 5014016 12.04 + 1.54 5
Control 4+ 6-Nitrodopamine 5.04% 019 10.71 % 0.74 5
L-NAME + 6-Nitrodopamine 4.96 % 0.08 1018 4 0.78 5

PECS0 iz defined as the negative logarithm of the ECsg; Emax iz the maximal
effect at high drug; n the ber of vas def atrips.

Table 7

Effect of L-NAME (100 pM) on electric-field stimulation (EFS)-induced con-
tractions of rat isolated epididymal vaz deferens from control rats in the presence
of L-NAME (100 pM).

Frequency Control (mN) L-NAME (mN) n
2Hz 1272159 1317+ 1.4 4
4 Hz 2150+ 2.68 21.04% 078 4
8 Hz 2762+226 2662+ 1.26 4
16 Hz 3506+ 212 31134 4

animals chronically treated with L-NAME, the inhibition of basal 6-ND
release was less pronounced (60.7%). A similar degree of inhibition by
chronic L-NAME treatment (50%) was reported for 6-nitronoradrenaline
extracted from rat brain (Tsunoda et al, 2007). Despite the in vitro
L-NAME incubation produces >>90% inhibition of basal release of 6-ND,
it had no effect on the EFS-induced RIVD contractions; in contrast, the
inhibition of basal 6-ND release by chronic L-NAME treatment was lower
(60%), but that was associated with a significant decrease of the
EFS-induced contractions (Ventura and Burnstock, 1997). One possible
explanation for this apparent paradox iz that 6-ND may be stored in
vesicles as it happens with noradrenaline and would be released upon
EFS.

The contractile responses for 6-ND were observed in 1-10 pM range
whereas the levels detected were under 50 nM. This apparent discrep-
ancy could be explained by the difference between the local concen-
tration (where the mediator is released) and the concentration needed to
be reached in the organ bath to give the same concentration. This is
illustrated in the rat isolated perfused mesenteric vascular bed, where
exogenous NO at doses that produced smaller responses within the
mesenteric bed than endogenously generated NO survived to the aszay
tissues whereas the endogenous generated NO did not (Warner et al_,
1959). In addition, the amounts of 6-ND and noradrenaline releaszed are
in the same range as those of noradrenaline following extraction and
quantification by HPLC coupled to electrochemical detection (Bell et al
1984; Celuch and Sloley, 1988).

Dopamine and 6-ND presented basically the same pECg values in the
RIEVD (4.73 and 4.69, respectively), which were less potent than
noradrenaline (5.59) and adrenaline (5.48). Interestingly, the selective
oy-adrenoceptor antagonist prazosin inhibits the noradrenaline- and
dopamine-induced RIEVD contractions, indicating that these catechol-
amines activate the same population of aj-adrenergic receptors (Lead-
ham and Pennefather, 1952). However, it is unlikely that 6-ND is acting
on xj-adrenergic receptors since in contrast to dopamine, noradrenaline
and adrenaline, 6-ND does not cause contractions of HUCV (Britto-Ju-
nior et al., 2021). The aj-adrenoceptor antagonist blocks the contrac-
tions induced by noradrenaline in the human umbilical artery
(Bodelszon and Stjernquist, 1995) and by adrenaline in the human
umbilical vein (Errast et al., 1999), establishing the presence of func-
tional aj-adrenoceptors in HUCV.
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Could 6-ND be acting on dopaminergic receptors? Dopamine D, re-
ceptors have been identified in the sympathetic nerve endings of guinea-
pig vas deferens (Furukawa and Morishita, 1997). Activation of dopa-
mine Dy receptors stimulates adenylate cyclase to increase the intra-
cellular cAMP levels (Sibley and Monsma Jr., 1992). Interestingly, the
D, receptor agonist fenoldopam (Zeng et al., 2004) causes relaxation of
both human umbilical arteries and veins (Britto-Junior et al., 2021). The
dopamine D1 antagonist SCH-23390 did not affect the contractions of
the RIEVD induced by 6-ND. It rather caused a significant leftward shift
on the concentration-response curve to 6-ND, indicating the presence of
functional dopamine Dy receptors in the rat vas deferens.

The dopamine Dj,-like antagonist haloperidol antagonized the
dopamine-induced contraction of the rat vas deferens, although at the
concentration employed (250 nM), it certainly blocks the post-synaptic
a3 adrenergic receptor (Kj 7.6 nM; Arnt and Skarsfelde, 1998). Indeed,
the use of N-0923, a selective dopamine D, receptor agonist, demon-
strated the presence of these receptors only in the mouse but not in rat
vas deferens (Martin et al., 1993). However, the finding that haloperidol
(100 nM) caused a significant right shift in the concentration-response
curve to dopamine, without affecting the responses to 6-ND, demon-
strates that 6-ND is not acting at thiz dopaminergic (or adrenergic)
receptor.

To date, there is no report on the presence of dopamine D3 receptors
in vas deferens. The right shift caused by the D3 receptor antagonist PG-
01037 on the concentration-response curve to dopamine suggests the
presence of this receptor in the rat vas deferens. However, since it did
not affect the responses to 6-ND, demonstrating that this dopaminergic
receptor is not involved in the contraction induced by 6-ND in this
tissue.

Guinea-pig vas deferens express functional dopamine D4 receptors
(Morizhita and Katsuragi, 1999). Indeed, the D4 receptor antagonist
sonepiprazole did evoke a significant rightward shift in the
concentration-response curve to dopamine, indicating the existence of
functional dopamine D4 receptors in the RIEVD. However, at the same
concentration, it demonstrate did not affect the concentration-response
curve to 6-ND, indicating that 6-ND is not activating this receptor. In
addition, the lack of effect of all above mentioned dopamine antagonists
on the EFS-induced contractions suggests that dopamine doesz not
modulate this phenomenon. Indeed, no bazal release of dopamine was
detected from the rat vas deferens.

The tricyclic antidepreszants can block al-adrenergic receptors
(Feighner, 1999; Nojimoto et al.,, 2010). Amitriptyline (Sanchez et al.,
1999) and clomipramine (Millan et al., 2001) block al-adrenergic re-
ceptor in rat cortex at 61 and 15.5 nM, respectively, whereas desipra-
mine (Cusack et al., 1994) blocks human «l-adrenergic receptor at 100
nM. However, the finding that these tricyclic compounds caused right-
ward shifts only in the concentration-response curves to 6-ND indicates
that they are not acting as «l receptor antagonists. Indeed, the tetra-
cyclic compound maprotiline inhibits human brain «l adrenergic re-
ceptor at 90 nM (Richelson and Pfenning, 1954) but had no effect on
either concentration-responze curves to 6-ND or EFS-induced RIEVD
contractions. These results suggest that mechanism by which the tricy-
clic antidepressants antagonizes 6-ND iz not by interaction with the
al-adrenergic receptors.

The common mechanism of action of all tricyclic antidepressants are
blockade of histaminergic H1 receptors (Gillman, 2007). It is unlikely
that 6-ND iz acting on these receptors in the RIEVD, since histamine has
a depressor effect on EFS-induced vas deferens contractions (Vohra,
1979). Another mechanism of action of tricyclic antidepressants in-
volves inhibition of serotonin (SERT) and noradrenaline (NET) trans-
porters, favouring the serotonin and noradrenaline re-uptake (Gillman,
2007). For instance, amitriptyline inhibits human cloned SERT and NET
at 67 nM and 63 nM, respectively (Vaizhnavi et al., 2004), desipramine
inhibits rat brain SERT (Dutta et al., 2019) and NET (Muth et al.. 1986)
at 106 and 0.15 nM, respectively, and clomipramine inhibits rat cortex
SERT (Cheetham et al., 1993) and human NET (Tatzumietal , 1997)ats
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and 38 nM, respectively. The centrally acting muscle relaxant cyclo-
benzaprine alzo inhibits human SERT and NET at 108 and 36 nM,
respectively (Mestrez et al,, 2011). Paroxetine also inhibits rat cortex
SERT (Kung et al., 1995) and rat NET (Sanchez et al., 1999) at 0.5 and
81 nM, respectively, but it had no effect on the concentration-response
curves to 6-ND or EFS-induced RIEVD contractions, indicating that
SERT and NET blockade cannot be responsible for the effects observed
with the drugs above mentioned.

Serotonin also causes contractions of the rat vas deferens, primarily
by activation of post-synaptic 5-HT receptors located in the epididymal
half (Hay and Wadsworth, 1982; Karazawa et al., 1985). Ketanserin
blocks 5-HTj, (0.88 nM; Wouterse et al., 1986), 5-HTy, (0.5 nM;
Janowsky et al., 2014) and 5-HTs (1.9 pM; Markstein et al., 1986) re-
ceptors. Amitriptyline, clomipramine and desipramine also block
5-HT2A receptors (Gillman, 2007). However, the finding that ketanserin
had no effect on the concentration-response curve to 6-ND exclude that
the antagonism observed with the tricyclic antidepressants involves
serotonin receptors. Acetylcholine is released by RIEVD (¥noll et al.,
1972), however atropine failed to affect the contractions induced by
nerve stimulation (Burnstock and Holman, 1964) or by 6-ND, indicating
the lack of involvement of cholinergic receptors.

Thus, we propose that the tricyclic antidepressants cyclobenzaprine
and carbamazepine are acting as antagonists of the 6-ND receptor. This
is further supported by the lack of effect of these drugs on the EFS-
induced contractions of RIEVD strips obtained from animals chroni-
cally treated with L-NAME. What do we know about this novel 6-ND
receptor in the vas deferens? The results demonstrate that the 6-ND
receptor iz blocked by tricyclic structurez such as dibenzoazepines
(desipramine, clomipramine and carbamazepine) and dibenzocyclo-
heptenes (amitriptyline and cyclobenzaprine), but not by tetracyclic
compounds such as maprotiline or modified dibenzoazepines like
oxcarbazepine. The inhibition was observed at concentrations in the
lower range compared to the tricyclic antidepressant Cpax (Aldeman
et al., 1997; Filzer et al., 1988; Kuss and Jungkrunz, 1988) or hundred
times lower when compared to the therapeutic plasma levels of carba-
mazepine and oxcarbazepine (Patsalos et al., 2008).

What is the physiological role of 6-ND in the vas deferens? Phar-
macology identifies physiological roles of mediators through the actions
of antagonists/inhibitors. As discussed above, the tricyclic antidepres-
sants cyclobenzaprine and carbamazepine antagonize 6-ND in the vas
deferens. Tricyclic antidepressants can cause delayed ejaculation
(Rothmore, 2020). This adverse reaction iz also observed with cyclo-
benzaprine (Kraus et al., 2015) and carbamazepine (Leriz et al., 1997).
Clomipramine is used as treatment of premature ejaculation in man
(Waldinger, 2012). In a randomized, double-blind clinical trial, using
on-demand fixed dose of either clomipramine (25 mg) or paroxetine (20
mg) in 30 men with lifelong premature ejaculation (Waldinger &t al,
2004), clomipramine led to a clinical relevant ejaculation delay whereas
paroxetine had no clinical relevant effect. During ejaculation, sperm
moves through the epididymis to the vas deferens (Wu and De Cicco,
2020). The finding that 6-ND is released in substantially greater
amounts than noradrenaline (20-fold approximately) generates the
exciting possibility of its involvement in the ejaculatory process.

5. Conclusion

6-nitrodopamine is an endogenous modulator of the rat vas deferens
contractility. The antagonism of the 6-ND receptor by tricyclic com-
pounds reveals a novel mechanism of action of tricyclic antidepressants.
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Ers induced by 6-ND, d i

6-nitrodopamine (6-ND) iz releazed from rat icolated vas defe and dul ]
(EFS) contractions of the rat isolated epididymal vas deferens (RIEVD) via a specific receptor which is blocked by
tricyclic antidepressanta. Mhﬁmdmu,m:mwmnmm:onmom

lﬁeld £ §

drenals drenaline and EFS were i d. D in and 1
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Idazoxan

(S—IOnM)cmudugmﬁm(nghmudahfhofthecmmum;mwm but had no effect on
dopamine-, noradrenaline- and adrenaline-induced contractiona. Alft
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SOOnM,xeqxcuvdy)wmnqmndmduphcede-NDcunu The BFS-induced contractions were aignifi-

tamsuloain (10 nM), al

cantly inhibited only at the concentrations that the a;-ad T cauzed righ d shiftz on
the 6-ND con:emnonwpmne curves. The inhibition ofll'ﬁmduud by d (10 nM),

in (10 nM), silodogin (100 nM) and terazoain (300 nM), were not observed in RIEVD
obtained from animals chronically treated with L-NAME. Thiz work d ates that @y-ad P antag-

onists act as 6-ND receptor antagonists in RIEVD, opening the posaibility that many

l h

mm&mlmecw”beduw&!@mumhadd:mﬂock&ded&g&NDmepmbybo&m&c
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may repr the mechanism of action

Lo e

rupmnbleford:md:enpeuncmmdu of pr ejaculati

1. Introduction

Ejaculation is used as a synonym for the external ejection of semen
and comprises two phases, namely, emission, which is the ejection into
the prostatic urethra of spermatozoa mixed with fluids secreted by the
accessory sexual glands through epididymis, ductus deferens, seminal
vesicles, and prostate smooth muscles; and expulsion, that iz defined as
the release of the semen from the urethra by involuntary contractions of
the striated perineal muscles (Puppo and Puppo, 2016). Rat vas deferens
exhibits basal release of both 6-nitrodopamine (6-ND) and noradrena-
line, as identified by tandem mass spectrometry (Britto-Junior et al,,

2021a; Ximenes et al., 2021). 6-Nitrodopamine causes rat isolated
epididymal vas deferens (RIEVD) contractions, which is blocked by the
tricyclic antidepressants desipramine, clomipramine and amitriptyline,
the skeletal muscle relaxant cyclobenzaprine and the anti-epileptic drug
carbamazepine (Britto-Junior et al., 20212a). Many of the antidepressant
drugs are associated with male sexual adverse reactions such as anor-
gasmia or delayed ejaculation that can lead to non-compliance treat-
ment (Monteiro et al., 1987; Segraves, 1989; Segraves, 2007; Segraves
and Balon, 2014). Accordingly, tricyclic antidepressants are often used
in the treatment of premature ejaculation (Giuliano and Hellstrom,
2008; Giuliano and Clement, 2012). Since the mechanism(s) by which
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the tricyclic antidepressants delay the ejaculation is(are) not clear, the
antagonism of 6-ND action on the vas deferens could be an important
peripheral mechanism of action of these drugs (Britto-Junior et al.,
2021a).

Alpha;-adrenoceptor antagonists are now commonly used in the
treatment of the symptoms of lower urinary tract obstruction (Ande:-
sson et al., 1997). Prazosin (U'Prichard et al., 1978; Docherty, 2019),
terazosin (Frizhman et al., 1988; O'Leary, 2001), alfuzosin (Ramzay
et al, 1988) and doxazosin (Elliott et al, 1982; Wilt and MacDonald,
2006) are classified as non-subtype selective a;-adrenergic antagonists
(Martin, 2010) whereas tamsulosin (Lepor et al, 1988; Dunn et al,,
2002) and silodosin (Yamagizhi et al., 1966; Keating, 2015) are
considered highly selective wja-adrenergic antagonists (Roehrborn,
2009). However, the use of this class of drugs in the treatment of lower
urinary tract symptoms (LUTS) has been linked to ejaculatory abnor-
malities such as retrograde ejaculation, reduced ejaculate volume and
absence of ejaculate in 4-11% of patients (Hofner et al., 1999; Diavan
et al, 2004). These adverse reactions are apparently not dependent on
the receptor subtype selectivity since the incidence of abnormal ejacu-
lation was similar in patients receiving either tamsulosin or alfuzosin
(Hellstrom and Sikka, 2006). Interestingly, terazosin has been success-
fully used for the treatment of premature ejaculation (Bazar ecal., 2005).

Here it was investigated the effect of several aj-adrenoceptor an-
tagonists on the contractile activity of 6-ND and other catecholamines
(dopamine, noradrenaline and adrenaline) on the rat isolated epidid-
ymal vas deferens (RIEVD). In addition, it was also assessed the action of
these aj-adrenoceptor antagonists on the electric-field stimulation
(BFS)-induced RIEVD contractions. Because the releaze of 6-ND is
coupled to nitric oxide (NO) and that is inhibited by the NO synthesis
inhibitor N"-L-nitro-L-arginine methyl ester (L-NAME; Britto- et al,
2021Db), we also investigated the effects a;-adrenoceptor antagonists on
the contractions of RIEVD obtained from control and animals chroni-
cally treated with the nitric oxide inhibitor N®-L-nitro-L-arginine methyl
ester (L-NAME).

2. Methods
2.1. Animals

Adult male Wistar rats (280-320 g) were provided by the animal care
of University of Campinas (UNICAMP; Campinas, Sao Paulo, Brazil) and
Animais de Laboratorio Criagao e Com. LTDA (ANILAB; Paulinia, Sao
Paulo, Brazil). All experimental protocols were authorized by the Ethics
Committee in Animal Use of UNICAMP (CEUA/UNICAMP, protocols
numbers 5746-1/2020 and 5831-1/2021) and followed the Animal
Research: Reporting In Vivo Experiments (ARRIVE) guidelines (Percie
du Sert et al., 2020). Animals were housed in cages (three per cage)
located in ventilated cage shelters with constant humidity of 55% + 5%
and temperature of 24 + 1 °C under a 12-h light-dark cycle. Animals
received filtered water and standard food ad libitum.

2.2. Reagents

Dopamine, adrenaline, prazosin, idazoxan and N“-Nitro-L-arginine
methyl ester hydrochloride (L-NAME) were obtained from Sigma-
Aldrich Chemicals Co. (St Louis, Missouri, USA). Tamsulosin was ob-
tained from Swati Spentose Pvt Ltd (Vapi, Gujarat, India). Doxazosin
was obtained from Nifty Labs Pvt Ltd (Hyderabad, Telangana, India).
Alfuzosin, silodosin, noradrenaline and terazosin were purchased from
Cayman Chemical Co (Michigan, USA). 6-nitrodopamine was bought
from Toronto Research Chemicals Inc (Toronto, Ontario, Canada). So-
dium chloride (NaCl), potassium chloride (KCl), calcium chloride
(CaCly), magnesium sulfate (MgS804), sodium bicarbonate (NaHCOz3),
potassium phosphate monobasic (KH,PO4) and glucose were acquired
from Merck KGaA (Darmstadt, Germany).
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2.3. L-NAME treatment

Rats were chronically treated with the nitric oxide synthase inhibitor
L-NAME (20 mg/rat/day) in the drinking water for 4 weeks minimum
(Ribeiro et al.,, 1992). Control animals received tap water alone.

2.4. Rat isolated vas deferens isolation and preparation

Euthanasia was performed by isoflurane overdose, in which animals
were exposed to a concentration greater than 5% until 1 min after the
breathing stops. Exsanguination was performed to confirm the eutha-
nasia. The vas deferens was removed and immediately placed in Krebs-
Henseleit's solution (KHS) of the following composition: 118 mM NaCl,
4.7 mM KCl, 2.5 mM CaCl,, 1.2 mM Mg80,, 25 mM NaHCOg, 1.2 mM
KH,PO4 and 5.6 mM glucose. Epididymal portions of vas deferens were
surgically dissected (length, 1.5 cm each) for functional studies. The
RIEVD strips were suspended vertically between metal hooks in 10-mL
organ baths containing KHS (pH 7.4), continuously gassed with a
mixture of 95%0;: 5%C0, at 37 °C. Tissues were allowed to equilibrate
under a resting tension of 10 mN, and the isometric tension was regis-
tered using a Powerlab system (ADInstruments, Sydney, Australia).
Following a 45-min stabilization period, the RIEVD strips were initially
contracted with a single concentration of noradrenaline (NA, 10 uM) to
verify the tissue viability.

2.5. In vitro functional assays in RIEVD preparations

Cumulative concentration-response curves to 6-ND were performed
in RIEVD strips in the absence and prezence of doxazosin (1, 3 and 10
nM, 30 min), tamsulosin (0.1, 1 and 10 nM, 30 min), alfuzosin (1, 3 and
10 nM, 30 min), silodosin (10, 30 and 100 nM, 30 min), terazosin 0.1,
0.3 and 1 pM, 30 min), prazosin (1, 3 and10 nM, 30 min) or idazoxan (1
pM, 30 min). In separate RIEVD preparations, cumulative concentration-
response curves to dopamine, noradrenaline and adrenaline were per-
formed in the absence and presence of doxazosin (10 nM, 30 min),
tamsulosin (10 oM, 30 min), alfuzosin (10 nM, 30 min), silodosin (10
nM, 30 min), terazosin (100 nM, 30 min), prazosin (10 nM, 30 min) or
idazoxan (1 pM, 30 min).

2.6. Electric-field stimulation (EFS) in isolated RIEVD preparations

The contractions of RIEVD induced by EFS were evaluated in control
and L-NAME-treated rats. Briefly, RIEVD strips were submitted to EFS at
60 V for 20 s, at 2-16 Hz in square-wave pulses, 0.3 ms pulse width, and
0.1 ms delay, using a Grass S88 stimulator (Astro-Medical, Industrial
Park, RI, USA). In control animals, EFS-induced RIEVD contractions
were evaluated in the absence and in the presence of doxazosin (1, 3
and10 nM, 30 min), tamsulosin (0.1, 1 and 10 nM, 30 min), alfuzosin (1
and 10 nM, 30 min), silodosin (10 and 100 nM, 30 min), terazosin (100
and 300 nM, 30 min), prazosin (10 nM, 30 min) or idazoxan (0.01, 0.1
and 1 pM, 30 min). In L-NAME-treated rats, EFS-induced RIEVD con-
tractions were evaluated in the absence and in the presence doxazosin
(10 nM, 30 min), tamsulosin (10 nM, 30 min), alfuzosin (10 nM, 30
min), silodozin (100 nM, 30 min), terazosin (300 nM, 30 min), prazosin
(10 nM, 30 min) or idazoxan (1 pM, 30 min). In separate RIEVD strips
obtained from control and L-NAME-treated rats, the effects of prazosin
(1 and 10 nM, 30 min) in preparations previously incubated with ida-
zoxan (1 pM, 30 min) were investigated. The contractile responses were
expressed as mN.

2.7. Data analysis

Nonlinear regression analysis to determine the pECg was carried out
using GraphPad Prism (GraphPad Software, version 6.0, San Diego,
California, USA) with the constraint that F = 0. All concen-
tration-response data were evaluated for a fit to a logistics function in
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Fig. 1. Effect of doxaczosin in the rat isolated
epididymal vas deferens (RIEVD). Doxazozin (3
and 10 nM) caused significant concentration-
dependent  rightward  chifts  of  the
concentration-response curves to 6-ND (Panel A).
Doxazosin (10 nM) had no effect on the con-
tractions induced by dopamine (Panel B),
noradrenaline (Panel C) and adrenaline (Panel
D). Doxazosin (1 nM; Panel E) caused no reduc-
tion in the contractions induced by EFS but at
higher concentrations (3 nM; Panel F) and (10
nM; Panel Q) caused zignificant inhibition of EFS-
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the form: E = By, /([1 + (10¢/10x)%] + F, where E represents the in-
crease in response contractile induced by the agonist, E,,, is the effect
agonist maximum, c is the logarithm of concentration of the agonist that
produces 50% of Ey,,,. X is the logarithm of the concentration of the
drug; the exponential term, n, is a curve fitting parameter that defines
the slope of the concentration-response line, and F is the response
observed in the absence of added drug. The values of pECgy data
represent the mean + standard error of the mean (S8EM) of n experi-
ments. Values of Ey,,, were expressed in mN. One strip was used as the
control response and the other strip was incubated with an antagonist/

inhibitor. Student’s two-tail unpaired t-test was employed and the dif-
ferences between groups. In addition, standard ANOVA, followed by the
Newman-Keuls post-test, were used when more than two groups were
involved. A p value of less than 0.05 was considered statistically sig-
nificant. The distribution of the log values (pECg,) was normal for each
agonist, confirmed by the Shapiro-Wilk test (Motulzky, 2014). For 6-ND,
the pA, values of the antagonists were calculated from the intercept on
the concentration axiz and by application of the equation; pAz = log
(antagonist concentration) —log (CR-1) -log (antagonist concentration)
(Arunlakshana and SCHILD, 1959).
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3. Results

3.1. Effect of doxazosin on RIEVD contractions induced by
catecholamines and EFS

Doxazosin (3 and 10 nM) produced concentration-dependent right-
ward shifts on the concentration-response curves to 6-ND (Fig. 1A; p=
0.0119 and p = 0.0375, respectively) with a pA; value 0of 9.15+ 0.13 (n
= 4). Doxazozin (10 nM) had no effect on the RIEVD contractions
induced by dopamine (Fig. 1B; p= 0.3179), noradrenaline (Fig. 1C;p=
0.4708) and adrenaline (Fig. 1D; p = 0.2892).

Doxazosin (1 nM) had no effect on the EFS-induced contractions of
RIEVD (Fig. 1E), but at higher concentrations (3 and 10 nM), doxazosin
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significantly reduced the EFS-induced contractions of the RIEVD in all
frequencies tested (Fig. IF and G, respectively). In RIEVD obtained from
L-NAME-treated rats, doxazosin (10 nM) had no effect on the EFS-
induced contractions (Fig. 1H).

3.2. Effect of tamsulosin on RIEVD contractions induced by
catecholamines and EFS

Tamsulosin (1 and 10 nM) produced concentration-dependent
rightward shifts on the concentration-response curve to 6-ND (Fig. 2A;
P = 0.0378 and p = 0.0001, respectively) with a pA2 value of 9.66 +
0.09 (n = 4). Tamsulosin (10 nM) had no effect on the RIEVD contrac-
tions induced by dopamine (Fig. 2B; p = 0.2179), noradrenaline
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of vas

(Fig. 2C; p = 0.1988) and adrenaline (Fig. 2D; p= 0.1994).

Tamsulosin (100 pM) had no effect on the EFS-induced contractions
of RIEVD (Fig. 2E), but at higher concentrations (1 and 10 nM), it caused
significant inhibitions of EFS-induced contractions in all frequencies
(Fig. 2F and G, respectively). Tamsulosin (10 nM) failed to affect the
EFS-induced contractions when RIEVD were obtained from animals
chronically treated with L-NAME (Fig. 2H).

d with L-NAME (Panel F). Data are expresced as mean + SEM. *P < 0.05 compared with respective control

3.3. Effect of alfusosin on RIEVD contractions induced by catecholamines
and EFS

Alfuzosin at 10 oM produced a rightward shift on the RIEVD con-
tractions induced by 6-ND (Fig. 3A; p = 0.0004) with a pA; value of
8.86 = 0.07 (n = 4). At 10 nM, alfuzosin also produced rightward shifts
in the concentration response curves to dopamine (Fig. 3B; p = 0.0310),
noradrenaline (Fig. 3C; p = 0.0001) and adrenaline (Fig. 3D; p =
0.0366).

Alfuzosin (1 nM) had no effect on the EFS-induced contractions of
RIEVD (Fig. 501), but at 10 nM caused a significant inhibition of EFS-
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t3

induced contractions in RIEVD from control (Fig. 3E) but not from L- (Fig. 4B; p = 0.0139) and adrenaline (Fig. 4D; p = 0.0310), and prac-

NAME-treated rats (Fig. 3F). tically abolished the noradrenaline-induced contractions (Fig. 4C; p =
0.0001).

3.4. Effect of silodosin on RIEVD contractions induced by catecholamines Silodosin (10 nM) had no effect on the EFS-induced contractions of

and EFS RIEVD (Fig. 502). At 100 nM, silodosin significantly inhibited the EFS-

induced contractions of the RIEVD from control (Fig. 4E) but not from
Silodosin (30 and 100 nM) produced concentration-dependent  the L-NAME-treated rats (Fig. 4F).
rightward chifts on the concentration-response curves to 6-ND
(Fig. 4A; p= 0.0442 and p = 0.0142, respectively). The pAz value for
silodosin was 7.70 + 0.18 (n = 4). Silodosin (10 nM) induced concen-
tration rightward shifts on the RIEVD contractions induced by dopamine
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3.5. Effect of terasosin on RIEVD contractions induced by catecholamines
and EFS

Terazosin (300 nM and 1 pM) induced concentration-dependent
rightward shifts on the 6-ND-induced contractions (Fig. 5A; P =
0.0039 and p = 0.0001, respectively) with a pA; value of 7.20 + 0.06 (n
= 4). Terazosin (100 nM) induced concentration rightward shifts on the
RIEVD contractions induced by dopamine (Fig. 5B; p = 0.0020),
noradrenaline (Fig. 5C; p = 0.0023) and adrenaline (Fig. SD; p =
0.0009).

Terazosin (100 nM) had no effect on the EFS-induced contractions of
RIEVD (Fig. 503), but at 300 nM caused a significant inhibition of EFS-
induced contractions in RIEVD strips from control (Fig. SE) but not from

L-NAME-treated animals (Fig. 5F).

3.6. Effect of prasosin on RIEVD contractions induced by catecholamines
and EFS

Prazosin at 10 nM produced a concentration-dependent rightward
shift on the concentration-response curve to 6-ND (Fig. 6A; p =0.0071).
The pA, value for prazosin was 8.82 £+ 0.07 (n= 4). Prazosin (10 nM)
had no effects on the RIEVD contractions induced by dopamine (Fig. 6B;
p = 0.4263), noradrenaline (Fig. 6C; p = 0.4649) and adrenaline
(Fig. 6D; p = 0.3649) of the RIEVD.

Prazosin (10 nM) had no effect on the EFS-induced contractions of
RIBVD (Fig. 6E).
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3.7. Effect of idazoxan on RIEVD contractions induced by catecholamines
and EFS

Idazoxan was investigated at 0.01, 0.1 and 1 pM. At 0.01 pM, it had
no effect, at 0.1 pM it caused a 32 = 7% increase and at 1 pM caused 82
+ 249% increase in the EFS-induced contractions (Fig. 504). Idazoxan (1
pM) had no effect on the contractions of the RIEVD induced by 6-ND
(Fig. 7A; p = 0.2532) and dopamine (Fig. 7B; p = 0.3162), but caused
gignificant rightward shifts on the contractions induced by noradrena-
line (Fig. 7C; p = 0.0229) and adrenaline (Fig. 7D; p = 0.0220) of the
RIEVD.

Idazoxan (1 pM) significantly potentiated the EFS-induced contrac-
tions in the RIEVD strips obtained from both control (Fig. 7E) and L-
NAME-treated rats (Fig. 7F).

3.8. Effect of prasosin on EFS-induced contractions of RIEVD pre-
incubated with idasoxan

Prazosin (1 nM) had no effect on the EFS-induced contractions of
RIEVD obtained from control animals which were pre-incubated (30
min) with idazoxan (1 pM; Fig. 505). Prazosin (10 nM) caused a

d the tiona induced by EFS of the RIEVD from control and from L-NAME
of vas defe atrips.

significant inhibition of EFS-induced contractions of the RIEVD prepa-
rations pre-incubated (30 min) with idazoxan (1 pM) in all frequencies
(Fig. SA). However, prazosin (10 nM) failed to affect the EFS-induced
contractions when the RIEVD were obtained from animals chronically
treated with L-NAME which were previously incubated with idazoxan
(1 pM; Fig. 8B).

4. Discussion

Our results clearly demonstrate that ay-adrenergic receptor antago-
nists cause concentration-dependent antagonism of the contractions
induced by 6-ND in the rat isolated epididymal vas deferens. The pop-
ulation of ay-adrenergic receptors in the rat vas deferens has been
extensively characterized through functional, molecular and radio-
ligand binding studies. The «y-adrenergic receptor subtypes oy, 5 and
ayp are encoded by three different genes (ADRAIA, ADRAIB and
ADRAI1D) as single-chain protein products (Avellar et al, 2009). Vas
deferens, epididymis and other genitourinary tissues present abundant
Adrala and Adrald mRNAs and lower levels of Adralb transcripts
(Piascik et al., 1997; Queiréz et al, 2008). Although the logical
assumption would be that 6-ND iz acting as an ay-adrenergic receptor



J. Britto-Jinior et al. Buropean Journal of Pharmacology 915 (2022) 174716

L-NAME Chronically Treated
® |dazoxan 1 pM (n= 4)

d 10M & in 10 nM (n= 4 ® |dazoxan 1 pM (n=4)
s o L) RO 10 LD g0~ O Idazoxan 1 M + prazosin 10 1M (n= 4)

*

$

W Te %g T
£ &

$

g 17 1%

Contraction (mN)
s 8
I 1
Contraction (mN)
$

20+ ® o
101 w 3
0~ 0~
T L] L] ] Ll L] L] Ll
2Hz 4 Hz 8 Hz 16 Hz 2Hz 4 Hz 8 Hz 16 Hz
I?ig.ﬂ. Effect of p in on EFS-induced iona of RIEVD which were pre-incubated (30 min) with idazoxan. Electric-field stimulation (BFS) d fr
dent tiona of the RIEVD obtained from c I ani (PandA)and&ombNMchmxaﬂyueamdnn(PanelB).Prazomn(lOanauseda
ugmﬁcamtedumonmduconmmduedbymbuthdnoeﬁectm&emmdnudmmdthemm btained from animals chronically d
with L-NAME which were previously incubated (30 min) with idazoxan (1 pM). *P < 0.05 compared with resp e 1 val N the ber of vas

deferens strips.

agonist, several pieces of pharmacological and clinical evidence dis- receptor. Idazoxan is a pre-synaptic ay-adrenergic receptor antagonist
cussed below do not support this hypothesis. (Doxey et al., 1983) that potentiates electrically induced contractions of
The first piece of evidence comes from the comparative profile of 6- the rat vas deferens (Doxey et al., 1985). In idazoxan-pretreated prep-
ND with dopamine, noradrenaline and adrenaline in other tissues. Un- arations, it is now possible to identify the inhibitory effect of prazosin at
like the latter catecholamines, 6-ND causes no contractions in human 10 nM on the EFS-induced contractions, due to the antagonist action on
umbilical cord vessels (HUCV; Britto-Junior et al., 2021b). Human the 6-ND receptor.
umbilical cord vessels do express functional «y-adrenergic receptors The third piece of evidence is the loss of the inhibitory effect of all oy-
since the contractions induced by noradrenaline in the human umbilical adrenergic antagonists on the EFS-induced contractions in RIEVD ob-
artery (SBodelzson and Stjernguist, 1995) and by adrenaline in the human tained from animals chronically treated with L-NAME. The synthesis of
umbilical vein (Errasti ef al., 1999) were blocked by the aj-adrenergic 6-ND is coupled to NO synthesis (Britto-Junior et al., 2021a) and that
antagonist prazosin. Similar results were observed in Chelonoidis car- chronic treatment with L-NAME is associated with reduction by about of
bonaria aortic rings where in contrast to dopamine, noradrenaline and 50% of the amounts of 6-noradrenaline extracted from porcine and rat
adrenaline, 6-ND had no contractile activity (Britto-Junior et al, brains (Tsunoda et al., 2007) and more importantly with a 60% reduc-
2021c). In both HUCV and Chelonoidis carbonaria aortic rings, 6-ND acts tion of the amounts of 6-ND released from rat isolated vas deferens
as a selective dopamine Dy-like receptor antagonist. (Britto-Junior et al., 2021a). Thus, the loss of the inhibitory effect of the
The second piece of evidence is supported by the results obtained ay-adrenergic antagonists on the EFS responses could be explained by
with the a;-adrenergic receptor antagonists in the EFS-induced RIEVD the reduction of 6-ND synthesis in these animals.
contractions. The EFS-induced contraction presents a biphasic response, The fourth piece of evidence comes from clinical observations. Both
where the first phase is classified as non-adrenoceptor mediated and tricyclic antidepressants (Beaumont, 1977; Segraves, 1989) and
predominates in the prostatic portion, whereas the second phase is oy-adrenergic receptor antagonists (Cavallini, 1995; Haieh et al., 1999;
believed until now to be due mainly to noradrenaline release, and pre- Debruyne, 2000) cause ejaculation disorders and are therapeutically
dominates in the epididymal portions (Erown et al., 1983). Our results used for the treatment of premature ejaculation. Although the physio-
clearly demonstrate that ay-adrenergicreceptor antagonists only inhibit pathology of ejaculation disorders is probably multifactorial, the phar-
EFS-induced RIEVD contractions when employed at concentrations that macological mechanisms of action of both tricyclic antidepressants and
provoke rightward shifts of the concentration response curve to 6-ND, y-adrenergic receptor antagonists are reasonably established. Tricyclic
indicating that 6-ND, but not noradrenaline, is the major mediator of antidepressants inhibit both serotonin (SERT) and noradrenaline (NET)
this phenomenon. The finding that silodosin at 10 nM abolished transporters, responsible for the re-uptake of serotonin and noradrena-
noradrenaline-induced contractions but had no effect in either 6-ND- or line, respectively (Feighner, 1999; Lépez-Mufioz and Alamo, 2009). This
EFS-induced RIEVD contractions clearly establishes that noradrenaline mechanism of action causes an increase of both serotonin and
is not involved in this phenomenon. This is further clarified by the noradrenaline in the synaptic cleft. Since oy-adrenergic receptor an-
finding that doxasozin at 10 nM has no effect on the tagonists also cause delayed ejaculation and has an opposite pharma-
noradrenaline-induced contractions; yet, at this concentration, this codynamic effect, this apparent paradox indicates that these drugs must
antagonist inhibits both 6-ND and EFS-induced contractions. The results be acting in different places to explain its efficacy in the treatment of
obtained with prazosin could be considered initially as “non-compliant”, premature ejaculation. However, an exciting possibility is that
since at 10 nM, prazosin inhibited 6-ND-induced contractions and yet, it oy-adrenergic antagonists could be acting as 6-ND receptor antagonists
had no effect on the noradrenaline- and EFS-induced RIEVD contrac- in the vas deferens. Since tricyclic antidepressants block 6-ND receptor
tions. However, prazosin has a high affinity for rodent ay-adrenergic in the rat vas deferens (Britto-Junior et al., 2021 a), this would establish
receptors, but a low affinity for non-rodent ones (Bylund, 1955) and a a common peripheral mechanism by which this class of compounds
pre-synaptic a-adrenoceptor blocking activity in the rat vas deferens cause ejaculation abnormalities. Indeed, the finding that both tricyclic
(Vizi et al., 1983). Thus, the lack of effect of prazosin at 10 nM in the antidepressants and oy-adrenergic antagonists selectively antagonize
EFS-induced contractions could be due to the combination of its inhib- 6-ND-induced contractions of the rat isolated vas deferens offers the
itory effects on the 6-ND receptor and the pre-synaptic ay-adrenergic interesting hypothesis that 6-ND must be the main peripheral mediator
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of the emission process.
5. Conclusion

In conclusion, the results here presented reinforce the concept that 6-
ND is an endogenous modulator of the rat vas deferens. The observation
that «y-adrenergic antagonists act as 6-ND receptor antagonists opens
the possibility that many actions previously attributed to noradrenaline
could be actually due to the presence of this novel mediator 6-ND.
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6-NITRODOPAMINE IS RELEASED BY RAT ISOLATED VAS
DEFERENS AND MODULATES ITS CONTRACTILITY

Luiz Eduardo Ximenes®, José Britto-Jinior, Walter Silva-Filho,
Felipe Jacintho, Campinas, Brazil; Milton Cuppdioni, Sao Paulo, Brazil;
Adnano Fregonesi, Gilberto De Nucci, Campinas, Brazil

INTRODUCTION AND OBJECTIVE: 6-nitrodopamine (6-ND) is
released by human umbilical cord vessels and acts as a dopamine D~
receptar antagonist in this tissue in vitro. Here it was investigated
whether 6-ND is released by rat isolated vas deferens (RWVD) and its
action on this tissue in vitro.

METHODS: Segments of RIVD were suspended in 5 mL organ
bath containing Krebs-Henseleit's solution (KHS) containing ascorbic
acid (3 mM) solution for 30 min and the quantification of 6-ND was
performed by LC-MS-MS. For in vitro reactvity assay, RIVD
epidydimal strips were suspended between two metal hooks in 10-mL
organ baths cortaining KHS, continuously gassed with a mixture of
95%02: 5% CO, (pH 7.4) at 37<C.

RESULTS: The detected basal release of 6-ND was
1.8£0.3 ng/mL (n=10) which was inhibited when the RIVD strips
were pre-treated with the nitric oxide synthesis inhibitor L-NAME
(0802 ng/mL, n=10). 6ND and noradrenaline caused
concentration-dependent contractions of RIVD (pEC50 4.7+0.1 and
5.6=0.1, respectively; n=22). Desipramine (100 nM) inhibited 6-ND
induced contractions (pEC50 3.7+0.1, n=5 bu potentiated
noradrenaline-induced contractions of RIVD (pEC50 66+0.1, n=5).
Similar results were observed in human isolated vas deferens.
Electric field stimulation (EFS) caused frequency dependent (4, 8 and
16 Hz) contractions which were inhibited by desipramine (100 nM, n
=4, Figure A). This inhibitory effect of desipramine (100 nM) was not
observed in the RIVD from animals chronically treated with L-NAME
(n=4, Figure B).

CONCLUSIONS: This is the first demonstration that 6-ND is
released by vas deferens. The finding that L-NAME inhibits both the
release of 6-ND and the contractions induced by EFS, indicates that
6-ND, and not noradrenaline, may be the mediator responsible for the
EFS-induced contractions of RIVD. This hypothesis is further
supporied by the inhibition caused by desipramine in both 6-ND and
EFS-induced contractions of RIVD.

Source of Funding: CAPES Foundation and FAPESP
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4 DISCUSSAO

Os achados de nossa pesquisa evidenciam de forma inédita que a VDEIR possui uma
liberacdo basal de 6-ND, a qual foi identificada por meio da técnica LC-MS-MS. Observou-se
que a liberagdo basal de 6-ND foi substancialmente inibida (92,3%) apds a incubagdo com L-
NAME, sugerindo uma ligacéo entre a sintese de 6-ND e a produgdo de NO, como evidenciado

em vasos do corddo umbilical humano.

No entanto, em amostras de VDEIR obtidas de animais que receberam tratamento
crénico com L-NAME, observou-se uma redu¢do menos acentuada na inibicdo da liberacdo
basal de 6-ND (60,7%). Resultados semelhantes de inibicdo (50%) pelo tratamento crénico com

L-NAME foram observados para a 6-nitronoradrenalina extraida do cérebro de ratos. (27).

Embora a incubacdo in vitro com L-NAME tenha levado a uma inibicdo de mais de
90% na liberagdo basal de 6-ND, ndo houve efeito nas contragfes induzidas por EFS em
VDEIR. Por outro lado, a inibi¢do da liberacdo basal de 6-ND pelo tratamento cronico com L-
NAME foi de aproximadamente 60%, porém, isso foi correlacionado com uma redugdo
significativa nas contragdes induzidas por EFS. (53). Uma explicacdo plausivel para essa
aparente contradi¢do € que o 6-ND pode estar contido em vesiculas, seguindo 0 mesmo padrédo

observado com a noradrenalina, e ser liberado no espaco sinaptico em resposta aos estimulos.

As respostas contrateis para 6-ND foram registradas em concentragdes entre 1 ¢ 10 pM,
enquanto os niveis detectados foram inferiores a 50 nM. Essa discrepancia aparente pode ser
elucidada pela distingdo entre a concentracdo local (onde o mediador é liberado) e a
concentragdo necessaria para ser alcancada no ambiente de banho de érgdos para produzir o

mesmo efeito.

Isso é evidenciado no leito vascular mesentérico perfundido isolado de ratos, onde o
oxido nitrico (NO) exd6geno, em doses que geraram respostas menores dentro do leito
mesentérico, conseguiu persistir nos tecidos do ensaio, ao contrario do NO gerado
endogenamente. (54). Além disso, as quantidades de 6-ND liberadas sdo comparaveis as de
noradrenalina apds extragdo e quantificacdo usando HPLC acoplada a detecgdo eletroquimica.
(55,56).

Dopamina e 6-ND apresentaram valores de pEC50 semelhantes no VDEIR (4,73 e 4,69,
respectivamente), os quais foram menos potentes do que os observados para noradrenalina
(5,59) e adrenalina (5,48). E interessante notar que o antagonista seletivo de o1-adrenoceptores,
prazosina, inibe as contra¢cbes VDEIR induzidas tanto por noradrenalina quanto por dopamina,
sugerindo que essas catecolaminas ativam a mesma populagdo de receptores al-

adrenérgicos.(57).
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No entanto, € improvavel que o 6-ND esteja atuando nos receptores a 1 -adrenérgicos,
pois ao contrario da dopamina, noradrenalina e adrenalina, 0 6-ND ndo causa contra¢es do
HUCV (Britto-Junior et al., 2021). O antagonista do al-adrenoceptor blogueia as contragdes
induzidas tanto pela noradrenalina na artéria umbilical humana quanto pela adrenalina na veia

umbilical humana, demonstrando a presenca de al-adrenoceptores funcionais no HUCV.(58,59)

Existe a possibilidade de que o 6-ND esteja exercendo efeitos sobre os receptores
dopaminérgicos? Foi identificada a presenca de receptores de dopamina D1 nas terminacGes
nervosas simpaticas dos vasos deferentes de porquinhos-da-india (60). A ativagdo dos
receptores de dopamina D; estimula a adenilato ciclase a aumentar os niveis intracelulares de
cAMP (24).

Curiosamente, o agonista do receptor D; fenoldopam (61) causa relaxamento das
artérias e veias umbilicais humanas(62). O antagonista de dopamina D1 SCH-23390 ndo afetou
as contragdes do VDEIR induzidas por 6-ND. Ao invés disso, observou-se um deslocamento
importante para a esquerda na curva de concentracdo-resposta para 6-ND, sugerindo a
existéncia de receptores de dopamina D1 ativos no ducto deferente do rato.

O antagonista dopaminérgico D»-like haloperidol antagonizou a contracdo induzida por
dopamina dos vasos deferentes de ratos, embora na concentracdo empregada (250 nM ),
certamente bloqueie o receptor pos-sinaptico ax adrenérgico (K i 7,6 nM ; (63). De fato, 0
emprego de N-0923, um agonista seletivo do receptor D2 da dopamina, revelou a presenca
desses receptores apenas no camundongo, ndo sendo identificados no ducto deferente do rato.
(64).

No entanto, a descoberta de que o haloperidol (100 nM) causou um deslocamento
importante para a direita na curva concentragdo-resposta a dopamina, sem afetar as respostas ao

6-ND, sugere que 0 6-ND ndo esta agindo sobre esse receptor dopaminérgico (ou adrenérgico).

E importante salientar que n3o ha relatos de receptores de dopamina Dz no canal
deferente. O desvio a direita causado pelo antagonista do receptor D3 PG-01037 na curva
concentragdo-resposta & dopamina sugere a presenga desse receptor no ducto deferente do rato.
Porém, este ndo afetou as respostas a 6-ND, demonstrando que receptor dopaminérgico ndo esta

envolvido no processo de contracdo induzida pelo 6-ND.

Os vasos deferentes da cobaia expressam receptores funcionais de dopamina D4 (65). O
antagonista do receptor ps, sonepiprazole, provocou um desvio significativo para a direita na
curva concentracao-resposta a dopamina, indicando a existéncia de receptores D4 da dopamina
no VDEIR.
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Porém, na mesma concentracdo, a curva concentracao-resposta ao 6-ND nao foi afetada,
sugerindo que o 6-ND ndo esta atuando neste receptor. Além disso, a falta de efeito de todos os
antagonistas da dopamina mencionados acima nas contra¢@es induzidas por EFS sugere que a
dopamina ndo modula esse fendmeno, o que sustentada pela auséncia de deteccdo de dopamina

basal no ducto deferente de rato.

Como é de conhecimento geral, antidepressivos triciclicos possuem a capacidade de
bloquear os receptores al-adrenérgicos (66,67). A amitriptilina (68) (Sanchez et al., 1999) e a
clomipramina (69) bloqueiam o receptor al-adrenérgico no cortex de ratos a 61 e 15,5 nM,
respectivamente, enquanto a desipramina (70) bloqueia o receptor al-adrenérgico humano

receptor a 100 nM.

Ao verificar que os compostos triciclicos estudados causaram desvios para a direita
apenas nas curvas de concentracdo-resposta para 6-ND indica a que eles ndo estdo agindo como
antagonistas do receptor al. De fato, o composto tetraciclico maprotilina inibe o receptor alfal
adrenérgico do cérebro humano a 90 nM (71), mas nao teve efeito nas curvas concentragdo-
resposta as contracbes VDEIR induzidas por 6-ND ou EFS. Os resultados mostram que o
mecanismo que os antidepressivos triciclicos que antagonizam o 6-ND néo é feito através dos

receptores ol-adrenérgicos.

E sabido que o mecanismo de agdo dos antidepressivos triciclicos é o bloqueio dos
receptores H1 histaminérgicos (72). E improvavel que o 6-ND esteja atuando nesses receptores
no VDEIR, uma vez que a histamina tem um efeito depressor nas contracfes dos vasos
deferentes induzidas por EFS(73).

Os antidepressivos triciclicos também possuem o0 mecanismo da inibicdo dos
transportadores de serotonina (SERT) e noradrenalina (NET), favorecendo a recaptacdo de
serotonina e noradrenalina(72). Por exemplo, a amitriptilina inibe SERT e NET clonados
humanos a 67 nM e 63 nM, respectivamente(74), a desipramina inibe SERT cerebral de rato
(75) e NET (76) a 106 e 0,15 nM , respectivamente, e a clomipramina inibe SERT de cortex de
rato(77) e NET humano(78) a5 e 38 nM , respectivamente.

A ciclobenzaprina, um relaxante muscular de agéo central, também possui a capacidade
de inibir a SERT e NET (79). A paroxetina também inibe o SERT do coértex de rato (0,5 nM)
(80) e o NET de rato (81 nM) (68), porem ndo modificou as curvas de concentracdo-resposta
para 6-ND ou EFS, o que indica que as drogas citada acima ndo participam do blogueio da
SERT e NET.
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A serotonina causou contracfes atraves da ativacdo dos receptores 5-HT pos-sinapticos
localizados no epididimo (81,82). A cetanserina bloqueia receptores 5-HT 24 (0,88 nM ; (83), 5-
HT 1a(0,5nM ; (84) e 5-HT 18 (1,9 [ M; (85).

Amitriptilina, clomipramina e desipramina possuiem a capacidade de bloquear o0s
receptores 5-HT2A (72). Devido ao achado que a cetanserina ndo modificou a curva
concentragdo-resposta ao 6-ND exclui o envolvimento dos receptores de serotonina, devido ao
Oantagonismo observado com os antidepressivos triciclicos.

A acetilcolina é liberada por VDEIR (86) porém a atropina nao afetou as contracfes
induzidas por estimulacdo nervosa (87) ou por 6-ND, indicando a falta de envolvimento de

receptores colinérgicos.

Neste contexto, sugerimos que os antidepressivos triciclicos, como a ciclobenzaprina e a
carbamazepina, possam estar exercendo sua acdo como antagonistas do receptor 6-ND. Esta
hip6tese é respaldada pela auséncia de efeito desses medicamentos nas contragdes induzidas por
EFS em tiras de VDEIR provenientes de animais tratados cronicamente com L-NAME.

O que temos aprendido sobre esse novo receptor 6-ND no ducto deferente? Os achados
indicam que o receptor 6-ND ¢€ inibido por compostos triciclicos, como as dibenzoazepinas
(desipramina, clomipramina e carbamazepina), assim como por dibenzocicloheptenos
(amitriptilina e ciclobenzaprina), porém ndo por agentes tetraciclicos, como a maprotilina, ou

por dibenzoazepinas modificadas, como a oxcarbazepina.

A inibicdo foi observada em concentracGes na faixa mais baixa em comparacdo com o
antidepressivo triciclico Cmax (88,89) ou cem vezes menor quando comparada aos niveis

terapéuticos plasmaticos de carbamazepina e oxcarbazepina (90).

Qual é a funcéo fisiolégica do 6-ND no ducto deferente? A farmacologia desvenda 0s
papéis fisiologicos dos mediadores através das acdes dos antagonistas e inibidores. Como
mencionado anteriormente, os antidepressivos ftriciclicos, ciclobenzaprina e carbamazepina,

atuam como antagonistas do 6-ND no ducto deferente.

Estudos clinicos montaram que os antidepressivos triciclicos podem causar ejaculacdo
retardada(91) Outros medicamentos também podem causar este efeito adverso como a
ciclobenzaprina e carbamazepina. (92,93). Outra medicacdo utilizada no tratamento de
ejaculacdo precoce é a clomipramina (93). Em ensaio clinico, foi possivel avaliar a capacidade

de retardo da ejaculacéo esta droga.
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Neste estudo foi verificado que a 6-ND é liberada no ducto deferente em quantidades
significativamente maiores do que a noradrenalina, aproximadamente 20 vezes mais. O sugere a

interessante possibilidade de seu papel no processo ejaculatorio.

Através das informagdes adquiridas nos ensaios com os farmacos anteriores a
necessidade de avaliar os receptores adrenérgico se fez necessario. Nossos resultados
demonstram claramente que o0s antagonistas dos receptores ai-adrenérgicos causam
antagonismo dependente da concentracdo das contra¢des induzidas por 6-ND no canal deferente
epididimal isolado de rato.

A populacdo de receptores a;-adrenérgicos no vaso deferente de rato foi extensivamente
caracterizada através de estudos funcionais, moleculares e de ligacdo de radioligantes. Os
subtipos de receptores aj-adrenérgicos (aia, ais € aip) estdo relacionados com trés genes:
ADRAI1A, ADRA1B e ADRALD (94).

Nos vasos deferentes, epididimos e outros tecidos geniturindrios sdo identificados
principalmente mMRNAs Adrala e Adrald. O Adralb possui menos nimeros de transcricdo (95).
E presumido que a 6-ND esteja agindo como um agonista do receptor ol-adrenérgico. Porém,
uma série de evidéncias, sejam elas farmacoldgicas e/ou clinicas discutidas abaixo ndo suportam

essa hipétese.

A comparacdo da 6-ND com dopamina, noradrenalina e adrenalina em outros tecidos.
Ao contréario das Ultimas catecolaminas, 0 6-ND ndo causa contracfes nos vasos do corddo
umbilical humano (HUCV)(96).

No corddo umbilical humano, o seus vasos expressam receptores a;-adrenérgicos
funcionais, uma vez que as contragdes induzidas pela noradrenalina na artéria umbilical humana
(58) e pela adrenalina na veia umbilical humana podem ser abolidas pelo Antagonista a;-

adrenérgico prazosina. (59)

Através dos resultados coletados com os antagonistas dos receptores al-adrenérgicos nas
contracdes de VDEIR induzidas por EFS. A contracdo induzida por EFS apresenta caracteristica
bifasica, onde a primeira fase ndo é mediada por adrenoceptores e predomina na porgdo
prostatica, enquanto a segunda fase ocorre (até o momento) principalmente da liberacdo de

noradrenalina, e predomina nas porg¢des epididimarias (97).

Nossos resultados demonstram claramente que os antagonistas dos receptores oi-
adrenérgicos inibem apenas as contra¢cbes VDEIR induzidas por EFS quando empregados em
concentragdes que provocam desvios para a direita da curva de resposta a concentragdo para 6-

ND, indicando que 6-ND, mas ndo a noradrenalina, é o principal mediador deste fendmeno.
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A constatacdo de que a silodosina a 10 nM aboliu as contracdes induzidas por
noradrenalina, mas ndo teve efeito nas contracbes VDEIR induzidas por 6-ND ou EFS
estabelece claramente que a noradrenalina ndo esta envolvida neste fendmeno. Sustentado pela
descoberta de que a doxasozina a 10 nM ndo tem capacidade de atuar nas contracdes induzidas
pela noradrenalina. Nessa concentracdo, esse antagonista possui a capacidade de inibir as

contracdes induzidas por 6-ND e EFS.

Os resultados observados com a prazosina podem ser considerados inicialmente como
"inconclusivos", pois a uma concentracdo de 10 nM, a prazosina inibiu as contra¢des induzidas

por 6-ND, mas néo afetou as contragfes VDEIR induzidas pela noradrenalina e EFS.

Entretanto, é importante observar que a prazosina possui uma afinidade elevada por
receptores o2-adrenérgicos em roedores, porém uma afinidade reduzida por receptores em néo
roedores (Bylund, 1985). Além disso, ela demonstra atividade pré-sinaptica de bloqueio de o2-
adrenoceptores no canal deferente de ratos (Sylvester et al., 1983). Dessa forma, a falta de efeito
da prazosina a 10 nM nas contracdes induzidas por EFS pode ser explicada pela combinacdo de
seus efeitos inibitorios sobre o receptor 6-ND e o receptor a2-adrenérgico pré-sinaptico.(98)

O ldazoxan (antagonista do receptor a2-adrenérgico pre-sindptico) (99) que possui a
capacidade de potencializar as contragOes eletricamente induzidas do ducto deferente de rato
(100). A prazosina a 10 nM possui um efeito inibitorio quando utilizada em preparagdes pre-
tratadas com idazoxan nas contracdes induzidas por EFS, devido & ag¢do antagonista no receptor
6-ND.

A perda do efeito inibitorio de todos os antagonistas osi-adrenérgicos nas contracdes
induzidas por EFS em VDEIR obtidos de animais tratados cronicamente com L-NAME. A
sintese de 6-ND esta acoplada a sintese de e esse tratamento cronico com L-NAME esta
associado a reducdo em cerca de 50% das quantidades de 6-noradrenalina extraidas de suinos e
ratos cérebros (27) e, mais importante, com uma reducdo de 60% das quantidades de 6-ND
liberadas dos vasos deferentes isolados de ratos. Assim, auséncia do efeito inibitorio dos
antagonistas os-adrenérgicos nas respostas do SLE poderia ser explicada devido a reducdo da
sintese de 6-ND.

As Observacoes clinicas na utilizacdo tanto dos antidepressivos triciclicos (101) quanto
dos antagonistas dos receptores as-adrenérgicos (102-104) tem como ponto importante o
caracteristica de causar distlrbios da ejaculacdo e, desta maneira também sdo usados para o

tratamento da ejaculacdo precoce.

Embora a caracteristica multifatorial da ejaculacdo precoce, 0 mecanismo

farmacologico dos antidepressivos triciclicos e dos antagonistas dos receptores a1-adrenérgicos
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estd razoavelmente estabelecido. Os antidepressivos triciclicos inibem os transportadores de
serotonina (SERT) e noradrenalina (NET), responsaveis pela recaptacdo de serotonina e
noradrenalina, respectivamente causando aumento da serotonina e da noradrenalina na fenda
sinaptica. (66,105).

Como os antagonistas dos receptores ol-adrenérgicos também causam retardo na
ejaculacdo e oposto efeito farmacodindmico causam um paradoxo que sinaliza a possibilidade
destas drogas devem estar atuando em sitios diferentes para explicar sua eficiéncia no
tratamento da ejaculacdo precoce. Os antagonistas ai-adrenérgicos podem estar agindo como
antagonistas do receptor 6-ND no ducto deferente. Uma vez que os antidepressivos triciclicos
bloqueiam o receptor 6-ND no canal deferente do rato isso estabeleceria um mecanismo

periférico comum pelo qual essa classe de compostos causa anormalidades na ejaculago.

Os resultados obtidos apds os ensaios funcionais com antidepressivos triciclicos e
antagonistas ol-adrenérgicos montaram que eles antagonizam seletivamente as contracdes
induzidas por 6-ND do vaso deferente isolado de rato o que permite gerar a hipétese de que o 6-
ND pode ser o principal mediador periférico do processo de emissao.
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5 CONCLUSAO

Os resultados apresentados fortalecem o conceito da acdo da 6-ND como um modulador
endogeno do ducto deferente do rato. O antagonismo do receptor 6-ND por compostos
triciclicos revela um novo mecanismo de acdo dos antidepressivos triciclicos A observacdo de
que 0s antagonistas ai-adrenérgicos atuam como antagonistas dos receptores 6-ND abre a
possibilidade de que muitas acBes anteriormente atribuidas & noradrenalina possam ser na

verdade devidas a presenca desse novo mediador 6-ND.
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7 Justificativa

A despeito de haver alguns estudos que avaliaram os efeitos vasopressores e cardiacos da dopamina, muito
variaveis e ndo se aprofund. no mecanismo de acdo de derivados ou metabdlitos,
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ratos, na fisiols cardiovascular.

20f 10
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Compreender o papel da ina e derivados
maior comp do da fisiologia cardi ular e, potenci seu

es do sistema cardiovascular nos permitira
Ivi 0 em condigdes patoldgicas.

9 MODELO ANIMAL

Espécie ou grupo
taxonémico (nome
vulgar, se existir)

Rattus norvergicus
Exemplo: Roedor, Mus musculus, camundongos. A linhagem € opcional, mas uma vez descrita deve estar em
acordo com o item 9.2

Justificar o uso da

espécie animal escolhida | como modelo para avaliacdo da funcdo vesical em diferentes ct

Consideramos a possibilidade de adotar métodos alternativos aos modelos animais e concluimos nao estdo
isponiveis ou sdo i por razdes cientificas. Além disso, a referida espécie é amplamente utilizada
6gicas e aceita na ¢

cientifica.

9.1 PROCEDENCIA

Biotério, fazenda, aviario

Centro Multidisciplinar para Investigagao bioldgica em animais de laboratério

etc.

Localizagao R. Cinco de Junho, 230 - Bardo Geraldo, Campinas - SP, 13083-877 - CEMIB-Unicamp
Animal silvestre Nao

Outra procedéncia? Nao

0O animal é

geneticamente Na&o

modificado?

9.2. Tipo e Caracteristica (é obrigatério o preenchimento de cada grupo separadamente)
DEVE SER INFORMADO NOME E LINHAGEM COMPLETA DO ANIMAL: http://www.cemib.unicamp.br/servicos/cadastro_linhagens.php.

Grupo| Animal 1 Idade | Pesoaprox.| _ orovcde
M F invasividade
Rato HanUnib:WH 48 a8 10.00 300.00 3
heterogénico (Wistar) Semanas Gramas
Grupo 1: Os animais serdao i paraai do de catéteres para avaliagao da pressdo arterial e
1 frequencia cardiaca durante a infusdo de DOPAMINA (0,01 a 10 ug/kg) em intervalos de 30 minutos apds pré-
Descrigdo|  tratamento com salina ou i inibi (desipi ina, haloperidol, L-Name, metoprolol e do antagonista
dopaminérgico SCH23390). Sera realizada a monitoracdo durante as infuses e os animais serdo eutaniziados ao fim
do protocolo. DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib:WH 48 a8 10.00 300.00 3
heterogénico (Wistar) Semanas Gramas
Grupo 2: Os animais serao i paraai 3o de catéteres para avaliagao da pressdo arterial e
2 frequencia cardiaca durante a infusdo de 6-NITRODOPAMINA (0,01 a 10 ug/kg) em intervalos de 30 minutos apds pré-
Descrigdo| tratamento com salina ou i (desipramina, haloperidol, L-Name, metoprolol e do antagonista
dopaminérgico SCH23390). Serd realizada a monitoragdo durante as infusdes e os animais serdo eutaniziados ao fim
do protocolo. DESCRIGAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib: WH s ’ s 10.00 300.00 ‘ 3
heterogénico (Wistar) Semanas Gramas
Grupo 3: Os animais serdo pré-tratados com reserpina intraperitoneal (1x ao dia, por dois dias, 5mg/kg) e em seguida
3 serao iados para a 3o de catéteres para avaliagdo da pressdo arterial e frequéncia cardiaca durante a
Descrigdo infusdo de DOPAMINA (0,01 a 10 ug/kg) em intervalos de 30 mi Serd i a i ¢do durante as
infusGes e os animais serdo i ao fim do p DESCRIGAO COMPLETA DO PROCEDIMENTO NO ITEM 13-
RESUMO.
Rato HanUnib: WH 8 s 10.00 300.00 3
heterogénico (Wistar) Gramas
Grupo 4: Os animais serdo pré-tratados com reserpina intraperitoneal (1x ao dia, por dois dias, 5mg/kg) e em seguida
4 serao i para a impl; 3o de catéteres para avaliagdo da pressdo arterial e frequéncia cardiaca durante a
Descrigdo| infusao de 6-NITRODOPAMINA (0,01 a 10 ug/kg) em intervalos de 30 r Sera r a a0 durante
as infusdes e os animais serdo eutaniziados ao fim do protocolo. DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM
13-RESUMO.
Rato HanUnib:WH ‘ s ’ ‘ s ‘ 10.00 ‘ 300.00 | 3
heterogénico (Wistar) Semanas Gramas
CEUA/UNICAMP Telefone: (19) 3521-6359
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Grupo 5: Os animais serao anestesiados, sera realizada a toracotomia para a implantacdo de catéteres para avaliagao
Descrigio hemodinadmica e fungdo cardiaca, durante a infusdo de DOPAMINA (0,01 a 10 ug/kg) em intervalos de 30 minutos.
Serad a i cao h d ica durante as infusdes e os animais serdo eutaniziados ao fim do protocolo.
DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib: WH ’ s s 10.00 300.00 3
heterogénico (Wistar) Gramas
6 Grupo 6: Os animais serdo anestesiados, sera realizada a toracotomia para a implantagao de catéteres para avaliagao
Descricio hemodindmica e fungdo cardiaca, durante a infusdo de 6-NITRODOPAMINA (0,01 a 10 ug/kg) em intervalos de 30
minutos. Serd realizada a monitoracdo hemodinamica durante as infusGes e os animais serdo eutaniziados ao fim do
protocolo. DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib: Wi - ‘ i ‘ 10.00 300.00 i
heterogénico (Wistar) Gramas
7 Grupo 7: Os animais serao eutanasiados. O atrio direito, canais deferentes, corpo cavernoso, uretra e aorta toracica
Descricio serdo isolados e montados em banho para orgdos para realizacdo de curvas dose-resposta a DOPAMINA na presenca
ou auséncia de L-NAME, haloperidol, SCH 23390, metoprolol, desipramina, tiramina, ODQ, risperidona e quetiapina.
DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib: WH s ’ s 10.00 300.00 1
heterogénico (Wistar) Gramas
8 Grupo 8: Os animais serdo pré-tratados com reserpina intraperitoneal (1x ao dia, por dois dias, 5mg/kg) e em seguida
Descricio serdo eutanasiados para isolamento de tecidos. O &trio direito, canais deferentes, corpo cavernoso, uretra e aorta
toracica serdo isolados e montados em banho para 6rgdos para realizagdo de curvas dose-resposta 8 DOPAMINA.
DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib:WH 80 ‘ 80 10.00 300.00 1
heterogénico (Wistar) Semanas Gramas
9 Grupo 9: Os animais serdo eutanasiados. O atrio direito, canais deferentes, corpo cavernoso, uretra e aorta toracica
Descricio serdo isolados e n:ontados em banho para ¢rgdos para realizacdo de curvas dose-resposta a 6-NITRODOPAMINA na
presenca ou auséncia de L-NAME, haloperidol, SCH 23390, metoprolol, desipramina, tiramina, ODQ, risperidona e
quetiapina. DESCRI(};\O COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib:WH 8 | \ 8 10.00 [ 300.00 1
heterogénico (Wistar) Gramas
10 Grupo 10: Os animais serdo pré-tratados com reserpina intraperitoneal (1x ao dia, por dois dias, 5mg/kg) e em
Descricio seguida serdo eutanasiados para isolamento de tecidos. O atrio direito, canais deferentes, corpo cavernoso, uretra e
aorta tordcica serdo isolados e montados em banho para 6rgdos para realizacdo de curvas di P a
6-NITRODOPAMINA. DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib: WH s 8 ’ 10.00 300.00 1
heterogénico (Wistar) Semanas Gramas
11 Grupo 11: Os animais serdo eutanasiados. Canais deferentes, corpo cavernoso € uretra serdo isolados e montados em
Descrigao banho para 6rgdos para realizagdo de curvas fr ia-resposta por lagdo elétrica (EFS) na presenca ou
auséncia de DOPAMINA. DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Rato HanUnib:WH 8 8 10.00 300.00 1
heterogénico (Wistar) Gramas
12 Grupo 12: Os animais serdo eutanasiados. Canais deferentes, corpo cavernoso e uretra serdo isolados e montados em
Descrigdo banho para 6rgaos para realizagdo de curvas fre ia-resposta por esti a0 elétrica (EFS) na presenca ou
auséncia de 6-NITRODOPAMINA. DESCRICAO COMPLETA DO PROCEDIMENTO NO ITEM 13-RESUMO.
Total Total Total Geral
Machos Fémeas
320 0 320

9.3 METODOS DE

CAPTURA (somente em
caso de uso de animais

silvestres)

40f 10

9.4 Planejamento

estatistico/delineamento|formula: n = 1 + [2C*(s/d)2], onde consideramos um desvio padrdo aceitdvel de 15% e uma diferenca aceitavel

Os dados serdo apresentados como média * erro padrdo das médias (E.P.M) de um ndmero experimental (n) de
8 animais por grupo para cada experimento. Para o calculo do nimero de animais foi utilizada a seguinte

experimental entre os grupos de 20% (por experiéncia prévia e resultados preliminares do grupo de isa) um poder de
teste de 90% e nivel de significdncia 0,05 (indicado para experi na area bioldgica), portanto: n = 1 + [2
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x 10,51 x (0,15/0,2)2] resultando em n = 8,8, que aproximamos para 8. A analise estatistica sera realizada
através do teste de andlise de varidncia (ANOVA de uma via), seguido pelo teste de Tukey, para as comparagdes
multiplas entre 3 grupos ou mais. Para a comparagao entre dois grupos, serd usado o teste “t” de STUDENT ndo
pareado. O programa Instat (GraphPad Software) serd usado para estas analises.

9.5 GRAU DE 3
INVASIVIDADE*

Os materiais biolégicos
destes exemplares serdo
usados em outros

projetos? Quais? Se ja N&o

50f 10

aprovados pela CEUA,
mencionar o nimero do

P

9.6 CONDIGOES DE
ALOJAMENTO E
ALIMENTAGAO DOS
ANIMAIS

Serdo mantidos trés animais por gaiola para ratos, feita de polipropileno, dimensdes 41x34x18cm. As gaiolas
serdo forradas com maravalha. Agua filtrada seré fornecida 3 vontade em bebedouro especifico para roedores.
Ragdo padrao Nuvilab serd fornecida a vontade. Os animais serdo mantidos em biotério especifico para ratos. As
gaiolas serdo alocadas em estantes ventiladas com temperatura controlada a 23°C, umidade controlada a 55%,
e ciclos de claro/escuro com duragdo de 12 horas cada.

Local onde sera mantido
o animal

Biotério, fazenda,
aviario, etc.

L

Biotério da Farmacologia, FCM/UNICAMP

de Gaiola
Niamero de Animais por
gaiola/galpao
Tipo de cama
(mar: ou Ih.

outro)

10 PROCEDIMENTOS EXPERIMENTAIS DO PROJETO

10.1. ESTRESSE/DOR

INTENCIONAL NOS Né&o

ANIMAIS

10.2 Uso de Farmacos .
Sim

Dose (UI ou mg/kg)

Farmaco (DEVE SER INDICADA A DOSE E NAO O Via de administracdo
INTERVALO)
Lidocaina 7 mag/kg intraperitoneal
Tiopental sédico 40 mg/kg intraperitoneal

10.3 Uso de Relaxante

Nao
10.4 Uso de Farmacos
Nao
Analgésicos
Justifique em caso 0 animal permanecers anestesiado adequadamente durante todo o pr sem haver necessi de
negativo laésico:

10.5 Imobilizacdo do

Animal NAg
10.6 Condigde:

Jejum Nado
Restricdo hidrica Nao

10.7 Cirurgia

Unica - Unica - implantacdo de catéteres para avaliagdo de pressdo arterial (cardtida, aorta, pulmonar) e fungdo
cardiaca (atrio, ventriculo) , infusdo intravenosa de drogas e coleta de sangue

10.8. P6s-OPERATORIO

10.8.1 OBSERVACAO DA

RECUPERACAO

Nao

CEUA/UNICAMP
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Justificar o NAO-uso de

10.8.3 OUTROS

analgesia pés-operatério

O animal permanecerd anestesiado adequadamente durante todo o proc

analgésicos. Sera realizada a eutandsia no fim do procedimento.

sem haver i de

12.1 METODO DE
EUTANASIA

ico por via

Substancia, dose, via (A dose do agente injetdvel deve ser no minimo trés vezes maior que a dose indutora

utilizada no plano anestésico.)

Apbs in vivo: injecdo intravenosa de tiopental sédico >100 mg/kg (dose 4x superior a de anestesia). Para o

de tecidos:

Caso método restrito (uso exclusivo de decapitagao, deslocamento cervical ou CO2), justifique (referéncia

CUIDADOS POS- Nao
OPERATORIOS
10.9. EXPOSICAO /
INOCULACAO / Sim
ADMINISTRACAO
Farmaco/Outros Via de (=1 Dose (indicar ) Fr é
) ) 0.01,0,03,0.1,0.3,1,3e 10 doses crescente, uma dose em
dopamina intravenosa 5
ug/kg intervalos de 30
: 2 2 0.01,0,03,0.1,0.3,1,3e 10 doses crescente, uma dose em
6-nitrodopamina intravenosa .
ug/kg intervalos de 30
L-NAME intravenosa 100 mg/kg dose unica
- duas doses em intervalos de 24
reserpina intraperitoneal 5 ma/kg
horas
desipramina intravenosa 1 mg/kg dose unica
haloperidol intravenosa 5 mg/kg dose unica
SCH23390 intravenosa 1 mg/kg dose unica
metoprolol intravenosa 3 mg/kg dose unica
11 EXTRAGAO DE i
MATERIAIS BIOLOGICOS
Material biolégico Quantidade da amostra Frequéncia Método de coleta
atrio direito todo o atrio unica vez isolamento de tecido
canal deferente todo o canal, direito e esquerdo unica vez isolamento de tecido
COrpo cavernoso todo o tecido, direito e esquerdo unica vez isolamento de tecido
uretra todo o tecido unica vez isolamento de tecido
aorta tordcica 10 mm unica vez isolamento de tecido
sangue 2-10 ml unica vez cateter intravenoso (veia jugular)
12 FINALIZACAO
Descrigao
Métodos de serdao de acordo com o procedimento. Apés in vivo: sobredosagem de

Para in vitro: camara com isoflurano 100% (overdose), via inalatéria

100% (overdose), via inalatdria

bibliografica para o ndo uso de anestésicos)

ndo se aplica

12.2 DESTINO DOS
ANIMAIS APOS O
EXPERIMENTO

Condicionados em saco branco de risco biol6gico e

1 a-20°C

as deter da Anvisa

12.3. Forma de descarte
da carcaca

O descarte é coletado por empresa terceirizada e a desativacao dos agentes biol6gicos feita por microondas.

13 RESUMO DO
PROCEDIMENTO (relatar
todos os procedimentos
com os animais)

Os animais serao recebidos do CEMIB e mantidos no biotério da Farmacologia, nas condicdes adequadas, até

atingirem 10 semanas de idade.

SOBRE OS GRUPOS EXPERIMENTAIS:

Os animais serdo entdo divididos em grupos de acordo com os procedimentos que serdo realizados:

60f 10
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GRUPOS 1, 2, 3, 4: Avaliacdo da pressao arterial e frequéncia cardiaca in vivo em animais tratados com
DOPAMINA e 6-NITRODOPAMINA, pré-tratados ou ndo com reserpina.

GRUPOS 5 e 6: Avaliagdo hemodindmica e da fungao cardiaca in vivo em animais tratados com DOPAMINA e
6-NITRODOPAMINA.

GRUPOS 7, 8, 9, 10, 11 e 12: Avaliagdo funcional in vitro dos efeitos da DOPAMINA e 6-NITRODOPAMINA,
utilizando curvas concentragdo- ou frequéncia-resposta em tecidos isolados (atrio, canal deferente, uretra, aorta
tordcica, corpo cavernoso), construidas na presenca ou auséncia de uma série de antagonistas e inibidores a fim
de esclarecer o mecanismo de agdo de ambas, DOPAMINA e 6-NITRODOPAMINA.

SOBRE O DELINEAMENTO ESTATISTICO:

Serdo realizados protocolos experimentais distintos onde serdo necessarios 8 animais por grupo. Para o calculo
do nimero de animais foi utilizada a seguinte formula: n = 1 + [2C*(s/d)2], onde consideramos um desvio
padrdo aceitavel de 15% e uma diferenca aceitavel entre os grupos de 20% (por experiéncia prévia e resultados
preliminares do grupo de pesquisa) um poder de teste de 90% e nivel de significancia 0,05 (indicado para
experimentos na area biolégica), portanto: n = 1 + [2 x 10,51 x (0,15/0,2)2] resultando em n = 8,8, que
aproximamos para 8. A analise estatistica serd realizada através do teste de andlise de varidncia (ANOVA de
uma via), seguido pelo teste de Tukey, para as comparacdes multiplas entre 3 grupos . Para a comparacao entre
dois grupos, sera usado o teste “t” de STUDENT ndo pareado. O programa Instat (GraphPad Software) serd
usado para estas analises. Os dados serdo apresentados como média + erro padrdo das médias (E.P.M) de um
nimero experimental (n) de 6 animais por grupo para cada experimento.

SOBRE O GRAU DE INVASIVIDADE: Os procedimentos in vivo com animais anestesiados sdo classificados como
G.I 3. Os procedi in vitro que I a asia dos animais e isolamento dos tecidos sdo
classificados como G.I. 1.

SOBRE O PROCEDIMENTO ANESTESICO PARA OS EXPERIMENTOS IN VIVO: Serd realizada administragdo
intraperitoneal de lidocaina 7 mg/kg para indugao de anestesia e redugdo de dor 10 minutos antes da aplicacao
intraperitoneal de tiopental 40 mg/kg (solugdo a 1.25% em salina). Apenas apds constatacdo de plano

ésico ad do os procedit poderdo ser reali Apenas apos c 3o de plano ésico
di os procedi poderdo ser realizados.O animal serd sub a entubagdo traqueal e mantido em!
respiragdo controlada através de respirador mecénico. Uma manta dora sera utili para =1

da temperatura do animal.

Os proc experi iS estdo descritos abaixo:

PARA AVALIAGAO DA PRESSAO ARTERIAL E FREQUENCIA CARDIACA IN VIVO

Apos verificacdo de plano anestésico adequado, o animal serd colocado em mesa cirdrgica, posicionado em
decubito lateral, e serd realizada assepsia com iodo povidine. Sera realizada uma incis3o cervical mediana a
artéria cardtida serd exposta e caracterizada utili. um catéter ifico para avaliacdo de pressdo
preenchido com solugdo salina. O cateter sera fixado através de sutura com fio de algodao 3.0.

Apbs periodo de estabilizagdo de 1 hora, os animais serdo pré-tratados por via intravenosa (cateter na veia
jugular) com salina (2 ml/kg), L-NAME (100mg/kg), desipramina (1mg/kg), haloperidol (5mg/kg), SCH23390
(1mag/kg)e metoprolol (3mg/kg).

Adicionalmente, utilizaremos animais que serdo pré-trados com reserpina inibidor do transportador de
monoaminas, VMAT). A reserpina (5mg/kg) seré administrada por via intraperitoneal, 1 vez ao dia, durante dois
dias, no mesmo horario.

Apos o pré-tr e ilizagdo por 30 mi 0s animais serdo tratados de acordo com os seguintes
grupos:

GRUPO DOPAMINA (n = 8): recebera infusdo intravenosa de DOPAMINA, em doses crescentes (0.01, 0.03, 0.1,
0.3, 1, 3 e 10 ug/kg)

GRUPO NITRODOPAMINA (n = 8): recebera infusdo int de NITRODO! INA, em doses crescentes
(0.01, 0.03, 0.1, 0.3, 1, 3 e 10 ug/kg)

As doses serdo administradas durante 20 minutos, utilizando bomba de infusdo e um cateter acoplado a veia
jugular direita, e com intervalos de 10 minutos entre as doses. Ao fim do procedimento sera realizada a coleta
de sangue (2 ml) para obtencdo de plasma para avaliacdo do perfil farmacocinético de cada droga utilizando
HPLC.

Ao fim do protocolo os animais serdo eutanasiados através de injecdo intravenosa de tiopental sédico > 100
mg/kg (dose 4x superior a de anestesia) e, apés, injegdo intravenosa de cloreto de potassio 19,1%. Observagdo
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e avaliagdo até auséncia de sinais vitais.

PARA AVALIAGAO DA HEMODINAMICA E FUNGAO CARDIACA IN VIVO

A monitorizagdo hemodindmica constitui no registro da pressao arterial sistélica, diastélica e média, pressdes

hemeodindmicas centrais, através da insercdo de um cateter nos atrios direito e esquerdo, na artéria pulmonar e

na aorta. Com o animal adequadamente anestesiado, o animal sera colocado em mesa cirurgica, posicionado em

decubito lateral, e sera realizad com iodo povidi Utili técnica cirurgica e materiais estéreis,

sera realizada uma toracotomia lateral esquerda no quinto espago intercostal esquerdo. Sera inserida uma

canula de drenagem no &trio direito e esquerdo através de sutura em bolsa e outra cdnula de infusdo na aorta
e artéria através de sutura término-lateral. Os cateteres serdo inseridos, serd realizada a

completa retirada de ar e o inicio de seu funcionamento.

Serdo entdo reali. as i das h icas: fr éncia cardiaca, pressdo arterial sistémica,

pressao de atrio esquerdo, pressdo de artéria pulmonar, pressao de atrio direito, débito cardiaco e fluxo do

dispositivo.

Apbs periodo de estabilizacdo de 30 minutos, os animais serdo tratados de acordo com os seguintes grupos:

GRUPO DOPAMINA (n = 8): recebera infusdo intravenosa de DOPAMINA, em doses crescentes (0.01, 0.03, 0.1,

0.3, 1, 3 e 10 ug/kg)

GRUPO NITRODOPAMINA (n = 8): receberd infusdo intravenosa de NITRODOPAMINA, em doses crescentes

(0.01, 0.03, 0.1, 0.3, 1, 3 e 10 ug/kg)

As doses serdo administradas durante 20 minutos, utilizando bomba de infusdo e um cateter acoplado a veia

jugular direita, e com intervalos de 10 minutos entre as doses.

Ao fim do protocolo os animais serdo eutanasiados através de injecdo intravenosa de tiopental sédico > 100

mag/kg (dose 4x superior a de anestesia). Observacdo e avaliacdo até auséncia de sinais vitais.

PARA AVALIAGAO FUNCIONAL IN VITRO
Os animais serao iados por aprofi de ia com i (dose 5x maior que a
necessaria para indugao da anestesia). Apos constatacao da auséncia de sinais vitais os tecidos serdo isolados:
Atrio direito, Aorta toracica, Canal deferente, Corpo cavernoso e Uretra prostatica.
Os tecidos serdo montados em banho para érgaos isolados (5-10 mL), preenchido de solugdo de Krebs-Henseilet
(117 mM NaCl; 4,7 mM KCI; 2,5 mM CaCl2; 1,2 mM MgSO4; 1,2 mM KH2PO4; 25 mM NaHCO3 e 11 mM Glicose,
pH 7,4), gaseificadas continuamente com mistura carbogénica (5% CO2 e 95% de 02) e com temperatura
controlada a 37 °C. Cada &trio/strip/anel de tecido sera acoplada a um transdutor de forga, sob tensdo inicial de
2-10 mN (dependendo do tecido), e a um sistema PowerLab 4/30 de aquisicdo de dados. Apds o periodo de

30 de 1 hora, reali curvas concentracdo-resposta 8 DOPAMINA ou 6-NITRODOPAMINA, na
presenga de L-NAME (inibidor da sintese de 6xido nitrico - NO), haloperidol (antagonistas nao seletivo de
receptor de dopamina pds-sinapticos), SCH 23390 (antagonista seletivo de receptor D1 de dopamina),
metoprolol (antagonists seletivo de receptores beta-1), reserpina (inibidor do transportador vesicular de

- VMAT), ip ina (bl dor seletivo para recaptagdo da noradrenalina nas sinapses neurais -

MONET), tiramina (derivado do aminoéacido tirosina, e participa da produgdo de catecolaminas), ODQ (inibidor da
quanilato cicldse soltvel), risperidona ( ista de ptor de dopamina D2) e iapina (. ista de
receptor de dopamina D2).

Para avaliacdo da contracdo induzida por estimulagao elétrica de campo, os tecidos serdao montados entre dois
eletrodos de platina dispostos de forma paralela e conectados & um estimulador S88 (Grass Telefactor; Rodhe
Island, EUA). Os tecidos serao incubados com DOPAMINA ou 6-NITRODO! INA e ap6s 30 mi est d
eletricamente a uma voltagem de 60V, com duracdo dos pulsos de 1 milisequndo (ms), intervalo entre os pulsos
de 0,2 ms, duragdo de i do de 10 dos, nas fr éncias de 1, 2, 4, 8, 16 e 32 Hz, com intervalo de
2 minutos entre os estimulos.

DESCARTE: Os animais serdo acondicionados em saco branco de risco biolégico e congelados a -20 °C seguindo
as determinagGes da Anvisa. O descarte é coletado por empresa terceirizada e a desativacao dos agentes
biolégicos feita por microondas.
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6 PDF

14. TERMO DE RESPONSABILIDADE (LEIA CUIDADOSAMENTE ANTES DE ASSINAR)

HLi e cumprirei o disposto na Lei Federal 11.794, de 8 de outubro de 2008, e as demais normas aplicaveis a utilizagdo de animais para o
ensino e pesquisa, especialmente as resolugdes do Conselho Nacional de Controle de Experimentagdo Animal - CONCEA;

M Declaro que este protocolo ndo é i ivo, tem mérito cientifico e que a equipe participante deste projeto/aula foi
treinada e é competente para executar os procedimentos descritos neste protocolo;

HDeclaro que ndo existe método substitutivo que possa ser utilizado como uma alternativa ao projeto;
M Assumo, sob pena de lei, total responsabilidade pela veracidade das informagdes prestadas neste protocolo;
M Assumo as responsabilidades civis e criminais se os procedimentos descritos neste protocolo ndo forem seguidos.

M Declaro estar ciente de que o ponto final humanitdrio € o momento no qual a dor, desconforto ou distresse de um animal utilizado é
evitado, ter ou ido por agdes como:

i) adogdo de tratamento para aliviar a dor, o desconforto ou o distresse;

ii) interrupgdo de um procedimento doloroso;

iii) exclusao do animal do estudo; ou

iv) morte humanitéria do animal (RESOLUCAO NORMATIVA N° 30, DE 2 DE FEVEREIRO DE 2016 - CONCEA);
e me comprometo a agir imediatamente apds receber instrugGes para aliviar a dor ou o distresse, conforme as determinacoes da legislacao
vigente.

£u, Gilberto De Nucci (Gilberto De Nucci), certifico que:

a) li o disposto na Lei Federal 11.794, de 8 de outubro de 2008, e as demais normas aplicdveis & utilizacdo de animais para o ensino e
pesquisa, especialmente as resolucdes do Conselho Nacional de Controle de Experimentacdo Animal - CONCEA;

b) este estudo ndo é desnecessariamente duplicativo, tem mérito cientifico e que a equipe participante deste projeto/aula foi treinada e é
competente para executar os procedimentos descritos neste protocolo;

c) ndo existe método substitutivo que possa ser utilizado como uma alternativa ao projeto;

d) assumo, sob pena de lei, total responsabilidade pela veracidade das informagdes prestadas neste protocolo;

e) assumo as responsabilidades civis e criminais se os procedimentos descritos neste protocolo ndo forem seguidos.

a: (r avel)

pata: 21, 06,2020

£y, Mariana Gongalves de Oliveira Taranto (Mariana Goncalves de Oliveira Taranto), certifico que:

a) li o disposto na Lei no 11,794, de 8 de outubro de 2008, e nas demais normas aplicdveis a utilizacdo de animais em ensino e/ou

lugdes Normativas do Conselho Nacional de Controle de Experimentagdo Animal - CONCEA;

b) este estudo ndo é desnecessari duplicativo, indo mérito cientifico e a equipe participante deste projeto/aula foi treinada e
é competente para executar os procedimentos descritos neste protocolo;

c) ndo existe método substitutivo que possa ser utilizado como uma alternativa ao projeto;

d) assumo, sob pena de lei, total responsabilidade pela veracidade das informagdes prestadas neste protocolo;

e) assumo as responsabilidades civis e criminais se os procedimentos descritos neste protocolo ndo forem seguidos.

especi as

. —_—

Assinatura: /. (executor) ~Data: 21, 06 , 2020

£u, __Felipe Femnandes Jacintho (Felipe Fernandes Jacintho), certifico que:

a) li o disposto na Lei no 11.794, de 8 de outubro de 2008, e nas demais normas aplicaveis a utilizagdo de animais em ensino e/ou
pesquisa, especialmente as Resolugdes Normativas do Conselho Nacional de Controle de Experimentagdo Animal - CONCEA;

b) este estudo ndo é desnecessariamente duplicativo, possuindo mérito cientifico e a equipe participante deste projeto/aula foi treinada e
é competente para executar os procedimentos descritos neste protocolo;

) ndo existe método substitutivo que possa ser utilizado como uma alternativa ao projeto;
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d) assumo, sob pena de lei, total responsabilidade pela veracidade das informagdes prestadas neste protocolo;
e) assumo as responsabilidades civis e criminais se os procedimentos descritos neste protocolo ndo forem seguidos.

Assinatura: _Felipe F. Jacintho (executor) Data: 21, 06 ,2020
£y, _José Britto Junior (José Britto Junior), certifico que:

a) li o disposto na Lei no 11.794, de 8 de outubro de 2008, e nas demais normas aplicaveis a utilizagdo de animais em ensino e/ou
pesquisa, especialmente as Resolucdes Normativas do Conselho Nacional de Controle de Experimentacdo Animal - CONCEA;

b) este estudo ndo é desnecessari duplicativo, indo mérito cientifico e a equipe participante deste projeto/aula foi treinada e
é competente para executar os procedimentos descritos neste protocolo;

c) ndo existe método substitutivo que possa ser utilizado como uma alternativa ao projeto;

d) assumo, sob pena de lei, total responsabilidade pela veracidade das informacgdes prestadas neste protocolo;

€) assumo as responsabilidades civis e criminais se os procedimentos descritos neste protocolo ndo forem seguidos.

Assinatura: EJEKHZ&’ Junior executor) Data: _21 /i /ﬂ

O projeto de pesquisa e/ou ensino podera ser solicitado, a critério da CEUA, respeitando-se os quesitos de confidencialidade e conflito de

interesses,

Quando cabivel, anexar o termo de consentimento livre e esclarecido do proprietario ou responsavel pelo animal.

Telefone: (19) 3521-6359
Telefax: (19) 3289-3124
E-mail: comisib@unicamp.br
httei//www.ib.unicamp.br/ceea
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7.2 Autorizacgdo da Revista

Terms and Conditions of Sale and Purchase

These Terms and Conditions of Sale and Purchase (“Terms™) set forth the terms and
conditions goveming the purchase of products and services from Elsevier B.V. and/or its
affiliated Elsevier company Elsevier Ltd ("Elsevier") through its web site at
https://authors elsevier.com ("Site"). By submitting an order for such products or services,
you agree to be bound by these Purchase Terms.

Address
Elsevier B.V. Radarweg 29. 1043 NX Amsterdam, The Netherlands, registered at the
Chamber of Commerce Amsterdam, nr. 33158992

Contract Formation

If you wish to purchase any of the products or services offered on this Site, you must submit
a completed order form. You will be required to select your products, services or digital
content for purchase and complete your delivery and payment details. Once these have been
completed, you will have a further chance to check (and correct if necessary) these details
prior to submission of your order, and you should print out this page and a copy of these
Terms for your future reference.

If we accept your order, you will be sent a confirmation email giving you an order reference
number (“Email Confirmation™). Once we have sent this E-mail Confirmation, you will not
be able to amend or cancel your order (subject to any right to cancel as described below).

We may correct any error in any unconfirmed order, marketing literature or other document
or information 1ssued by us or placed on this Site without any liability.

Right to Cancel

Save as set out below, consumers in the European Union have the right to cancel the purchase
until fourteen (14) days after date of delivery of the product or date the service was purchased
by sending written notice of cancellation by email to the Site’s customer service department.
A model cancellation form is available below for your use but you are not obliged to use this
method of cancellation.

This night of cancellation applies to all products and services offered on the Site except:
(a) audio, video, and software products that have been unsealed from their packaging;

(b) digital content not on a tangible medium (e.g. eBooks) once the item has been
downloaded;

(c) newspapers, periodicals and magazines which are not supplied under subscription
contracts;

(d) services for which performance has completed; and

(e) offprints, colour figures, print on demand services and other products made or services
provided to your specification or clearly bespoke to you.
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If you cancel the purchase on this basis, we will reimburse to you all payments recerved from
you, including the costs of delivery (except for the additional costs anising if you choose a
type of delivery other than the least expensive type of standard delivery offered by us). We
may make a deduction from the reimbursement for loss in value of any goods supplied. 1f the
loss 1s the result of unnecessary handling by you.

Returns

You must return the goods without undue delay and in any event no later than 14 days from
the date of notification of cancellation. We will then make the reimbursement without undue
delay, and no later than-

(a) 14 days after the day we receive back from you any goods supplied, or
(b) (if earlier) 14 days after the day you provide evidence that you have retumed the goods, or

(c) If there were no (physical) goods supplied, 14 days after the day on which we are
informed about your decision to cancel the purchase.

We will make the reimbursement using the same means of payment as you used for the mnitial
transaction, unless you have expressly agreed otherwise; in any event, you will not incur any
fees as a result of the reimbursement.

Whether these rights of cancellation apply or not, you will be responsible for and will pay the
cost of returning the items to us by the same method as 1t was delivered. The items will be
returned at your risk.

Prices (including taxes and delivery) and Payment

The currency and price of products and services offered on this Site shall be that quoted on
the Site on the date you place your order. While we make every effort to ensure that prices
quoted on the Site are accurate, if there has been an madvertent error, the correct price will be
stated in the E-mail Confirmation and you will have the opportunity to withdraw from the
order at that stage if the correct price is higher than that quoted and you are not happy with
that higher price.

All prices are exclusive of the cost of postage, packaging and delivery and any applicable
Value Added Tax or other sales tax, which will be separately stated on the Site and/or the
Email Confirmation.

Delivery/Performance

Where applicable, products ordered will be delivered to the shipping address stated in your
order, subject to any geographical restrictions stated on the Site. However, the time and
method of delivery of products or performance of services will be at our discretion, unless
otherwise specified and accepted as part of the order. Time for delivery or performance shall
not be of the essence.

If the items delivered to you do not include all of the items that you ordered in any particular
order or include incorrect items, you must inform us in writing as soon as possible. In any
event, our liability is limited to the price of the items not delivered or the cost of replacing
such items.
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Consumer Protection

If you are a consumer, your statutory rights as a consumer are not affected by these Purchase
Terms, and nothing in these Purchase Terms shall exclude or limit our liability anising by
virtue of consumer protection legislation, or our liability for fraud or for death or personal
ijury caused by our negligence, or any other liability to the extent that we cannot so exclude
or limit such liability as a matter of law.

Complaints
If you have any questions, comments or complaints regarding these Purchase Terms or your
order, please contact our Customer Services Department which 1s located at:

Author Support
Elsevier Ltd

The Boulevard
Langford Lane
Kidlington
Oxford

0OX5 1GB
United Kingdom

Contact us via our Support Center

https://service elsevier. com
Phone: +44 1865 84 3577

Model Cancellation Form

To: Author Support
Subject: Cancellation of order for [article_reference].

Or, when sending this by post:

Author Support

Elsevier Ltd

The Boulevard, Langford Lane
Kidlington

Oxford

OX5 1GB

United Kingdom

Dear Sir, Madam,

I hereby give notice that I cancel my contract [DELETE AS APPLICABLE: [of sale of the
following goods/for the supply of the following service].

Goods/Service:

Ordered on:
Recetved on:

Name of consumer:
Address of consumer:
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Signature of consumer:

Date:

General

In the event of any inconsistency between these Terms and the Terms and Conditions of the
Site, these Terms shall prevail.

Last revised: 19® January 2022

Copynight © 2022 Elsevier B.V. All nights reserved. Privacy Policy Terms & Conditions
Help
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Terms and Conditions of Sale and Purchase

These Terms and Conditions of Sale and Purchase (“Terms™) set forth the terms and
conditions goveming the purchase of products and services from Elsevier B.V. and/or its
affiliated Elsevier company Elsevier Ltd ("Elsevier") through its web site at
https://authors.elsevier.com ("Site"). By submitting an order for such products or services,
you agree to be bound by these Purchase Terms.

Address
Elsevier B.V. Radarweg 29, 1043 NX Amsterdam, The Netherlands, registered at the
Chamber of Commerce Amsterdam, nr. 33158992

Contract Formation

If you wish to purchase any of the products or services offered on this Site, you must submit
a completed order form. You will be required to select your products, services or digital
content for purchase and complete your delivery and payment details. Once these have been
completed, you will have a further chance to check (and correct if necessary) these details
prior to submission of your order, and you should print out this page and a copy of these
Terms for your future reference.

If we accept your order, you will be sent a confirmation email giving you an order reference
number (“Email Confirmation™). Once we have sent this E-mail Confirmation, you will not
be able to amend or cancel your order (subject to any right to cancel as described below).

We may correct any error in any unconfirmed order, marketing literature or other document
or information issued by us or placed on this Site without any liability.

Right to Cancel

Save as set out below, consumers in the European Union have the right to cancel the purchase
until fourteen (14) days after date of delivery of the product or date the service was purchased
by sending written notice of cancellation by email to the Site’s customer service department.
A model cancellation form is available below for your use but you are not obliged to use this
method of cancellation.

This night of cancellation applies to all products and services offered on the Site except:
(a) audio, video, and software products that have been unsealed from their packaging;

(b) digital content not on a tangible medium (e.g. eBooks) once the item has been
downloaded;

(c) newspapers, periodicals and magazines which are not supplied under subscription
contracts;

(d) services for which performance has completed; and

(e) offprints, colour figures, print on demand services and other products made or services
provided to your specification or clearly bespoke to you.
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If you cancel the purchase on this basis, we will reimburse to you all payments recetved from
you, including the costs of delivery (except for the additional costs anising if you choose a
type of delivery other than the least expensive type of standard delivery offered by us). We
may make a deduction from the reimbursement for loss in value of any goods supplied. 1if the
loss 1s the result of unnecessary handling by you.

Returns

You must return the goods without undue delay and in any event no later than 14 days from
the date of notification of cancellation. We will then make the reimbursement without undue
delay, and no later than-

(a) 14 days after the day we receive back from you any goods supplied, or
(b) (if earlier) 14 days after the day you provide evidence that you have retumed the goods, or

(c) If there were no (physical) goods supplied, 14 days after the day on which we are
informed about your decision to cancel the purchase.

We will make the reimbursement using the same means of payment as you used for the initial
transaction, unless you have expressly agreed otherwise; in any event, you will not incur any
fees as a result of the reimbursement.

Whether these rights of cancellation apply or not, you will be responsible for and will pay the
cost of returning the items to us by the same method as 1t was delivered. The items will be
returned at your risk.

Prices (including taxes and delivery) and Payment

The currency and price of products and services offered on this Site shall be that quoted on
the Site on the date you place your order. While we make every effort to ensure that prices
quoted on the Site are accurate, if there has been an inadvertent error, the correct price will be
stated in the E-mail Confirmation and you will have the opportunity to withdraw from the
order at that stage if the correct price is higher than that quoted and you are not happy with

that higher price.

All prices are exclusive of the cost of postage, packaging and delivery and any applicable
Value Added Tax or other sales tax, which will be separately stated on the Site and/or the
Email Confirmation.

Delivery/Performance

Where applicable, products ordered will be delivered to the shipping address stated in your
order, subject to any geographical restrictions stated on the Site. However, the time and
method of delivery of products or performance of services will be at our discretion, unless
otherwise specified and accepted as part of the order. Time for delivery or performance shall
not be of the essence.

If the items delivered to you do not include all of the items that you ordered in any particular
order or include incorrect items, you must inform us in writing as soon as possible. In any
event, our liability 1s limited to the price of the items not delivered or the cost of replacing
such items.
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Consumer Protection

If you are a consumer, your statutory rights as a consumer are not affected by these Purchase
Terms, and nothing in these Purchase Terms shall exclude or limit our liability anising by
virtue of consumer protection legislation, or our liability for fraud or for death or personal
injury caused by our negligence, or any other liability to the extent that we cannot so exclude
or limit such liability as a matter of law.

Complaints
If you have any questions, comments or complaints regarding these Purchase Terms or your
order, please contact our Customer Services Department which is located at:

Author Support
Elsevier Ltd

The Boulevard
Langford Lane
Kidlington
Oxford

0OX5 1GB
United Kingdom

Contact us via our Support Center

https://service elsevier com
Phone: +44 1865 84 3577

Model Cancellation Form

To: Author Support
Subject: Cancellation of order for [article_reference].

Or, when sending this by post:

Author Support

Elsevier Ltd

The Boulevard, Langford Lane
Kidlington

Oxford

0X5 1GB

United Kingdom

Dear Sir, Madam,

I hereby give notice that I cancel my contract [DELETE AS APPLICABLE: [of sale of the
following goods/for the supply of the following service].

Goods/Service:

Ordered on:
Recetved on:

Name of consumer:
Address of consumer:
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Signature of consumer:

Date:

General

In the event of any inconsistency between these Terms and the Terms and Conditions of the
Site, these Terms shall prevail.

Last revised: 19 January 2022

Copynight © 2022 Elsevier B.V. All nights reserved. Privacy Policy Terms & Conditions
Help
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