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RESUMO

Dopamina endotelial: maior modulador do sistema circulatério

Britto-Junior J." e De Nucci G.

'Faculty of Medical Sciences, Department of Pharmacology, University of Campinas (UNICAMP), Campinas,
Brazil.

RESUMO

O endotélio € um 6rgéo capaz de regular tonus vascular através da liberagao de agentes
relaxantes (6xido nitrico e prostaciclina) ou contrateis como a endotelina e o EDCF
(Endothelium-Derived Contracting Factor). A estimulagéo de campo elétrico (EFS, Electrical
Field Stimulation) induz contragdes da aorta da cobra e dos vasos do corddo umbilical
humano (HUCV, Human Umbilical Cord Vessels), que sao dependentes da presenga do
endotélio. Este estudo teve como objetivo estabelecer a natureza do(s) mediador(es)
responsavel(is) pelas contragées induzidas por EFS no HUCV. Anéis com ou sem endotélio
da artéria umbilical humana (HUA, Human Umbilical Artery) ou veia (HUV, Human Umbilical
Vein) foram montados em cadmaras de banho de érgdos contendo solugcado de Krebs-
Henseleit oxigenada e aquecida. A liberagdo basal de dopamina (DA), noradrenalina e
adrenalina foi medida por LC-MS-MS (Liquid Chromatography coupled to tandem Mass
Spectrometry). As curvas cumulativas de concentragao-resposta foram realizadas com
dopamina na auséncia e na presenca de L-NAME ou de antagonistas da dopamina. Os
estudos de EFS foram realizados na presenca e auséncia de L-NAME, tetrodotoxina (TTX),
atropina, indometacina, glibenclamida, phentolamina, prazosin e idazoxano, e o0s
antagonistas da dopaminergicos SCH-23390 e haloperidol. A identificagdo da presensa da
enzima tirosina hidroxilase (TH, Tyrosine Hydroxylase) e a dopa-descarboxilase (Dopa-
DesCarboxylase) foram avaliadas por imunohistoquimica a presenga do RNA mensageiro
da enzima TH foi avaliado por hibridizagbes fluorescentes in situ (FISH, Fluorescence In
Situ Hybridization). A liberagdo basal de dopamina requer um endotélio intacto tanto no
HUA quanto no HUV. TH e DDC estao presentes apenas no endotélio de HUA e HUV,
conforme determinado por imuno-histoquimica. A dopamina induziu contragées em HUA
apenas na presenca de L-NAME. As contragdes induzidas por dopamina em HUV foram
fortemente potencializadas por L-NAME. As contragdes induzidas por EFS em ambos HUA
e HUV foram potencializadas por L-NAME e inibidas pelo antagonista do receptor D2-like
haloperidol. TTX, prazosin e idazoxan, atropina, indometacina, inibidor dos canais K-ATP
glibenclamida e o antagonista do receptor tipo D1-like SCH-23390 n&o tiveram efeito nas
contragcdes induzidas por EFS de HUA e HUV. Nossos resultados demonstram que
dopamina é€ liberada pelo endotélio e modula a reatividade vascular no corddao umbilical
humano.

Palavras-Chave: Catecolamina, Sistema vascular, Receptor dopaminérgico, Cordéo
umbilical.



ABSTRACT

Endothelial dopamine: major modulator of the circulatory system

Britto-Junior J." and De Nucci G. !

'Faculty of Medical Sciences, Department of Pharmacology, University of Campinas (UNICAMP), Campinas,
Brazil.

ABSTRACT

The endothelium is an organ capable of regulating vascular tone through the release of
relaxing agents (nitric oxide and prostacyclin) or contractile agents such as endothelin and
endothelium-derived contracting factor. Electric field stimulation (EFS) induces contractions
of snake aorta and human umbilical cord vessels (HUCV), which are dependent on the
presence of endothelium. This study aimed to establish the nature of the mediator(s)
responsible for EFS-induced contractions in the HUCV. Human umbilical artery (HUA) and
vein (HUV) rings with or without human endothelium were mounted in organ bath chambers
containing heated (37C°), oxygenated (95%02/5%CO2) Krebs-Henseleit’s solution. Basal
release of dopamine (DA), noradrenaline and adrenaline were measured by liquid
chromatography coupled to mass spectrometry (LC-MS-MS). Cumulative concentration-
response curves were performed with dopamine in the absence and presence of L-NAME
and dopamine receptor antagonists. EFS studies were performed in the presence and
absence of L-NAME, tetrodotoxin (TTX), atropine, indomethacin, glybenclamide,
phentolamine, prazosin and idazoxan, and the dopaminergic antagonists SCH-23390 and
haloperidol. The identification of the presence of the enzyme tyrosine hydroxylase (TH) and
dopa-decarboxylase (DDC) was evaluated by immunohistochemistry and the presence of
TH enzyme messenger RNA (mRNA) was evaluated by FISH (Fluorescence in Situ
Hybridization). Basal dopamine release requires an intact endothelium in both the HUA and
the HUV. TH and DDC are present only on the endothelium of HUA and HUV, as determined
by immunohistochemistry, and TH mRNA identified by FISH in the endothelium of both HUA
and HUV. Dopamine induced contractions in HUA only in the presence of L-NAME.
Dopamine-induced contractions in HUV were strongly potentiated by L-NAME. EFS-induced
contractions in both HUA and HUV were potentiated by L-NAME and inhibited by the D2jike-
receptor antagonist haloperidol. TTX, prazosin and idazoxan, atropine, indomethacin,
glybenclamide and the D1.ike receptor antagonist SCH-23390 had no effect on contractions.
induced by EFS of HUA and HUV. Our results demonstrate that dopamine is released by
the endothelium and modulates vascular reactivity in the human umbilical cord and that
dopamine is the major EDCF.

Keywords: Catecholamine, Vascular system, Dopaminergic receptor, Umbilical cord.
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1 INTRODUCAO

1.1. Catecolaminas

As catecolaminas s&o compostos orgénicos que possuem em sua estrutura o
grupo catecol (3,4-diidroxibenzeno) conectado a um grupo amina por uma ponte etil.
As principais catecolaminas sdo dopamina, noradrenalina e adrenalina as quais
possuem papel importante na neurotransmissdo e hormonal em varios processos
fisiolégicos, tais como controle cardiovascular (1), regulagédo do humor e estresse (2),

controle de fun¢des motoras, (3), fungdes renais entre outros (4,5).

As catecolaminas sao sintetizadas através do aminoacido tirosina, podendo ser
derivado diretamente da dieta (fonte exdgena) ou ser sintetizado no figado (fonte
endogena) a partir do aminoacido fenilalanina. A primeira etapa (Figura: 1) para sua
formacéo é realizada pela enzima tirosina hidroxilase, a qual converte a tirosina em L-
DOPA (I -3,4- diidroxifenilalanina) por oxidagao da posi¢ao 3 no anel benzénico (5,6).
A conversao da L-DOPA em dopamina é feita pela enzima aminoacido aromatico
descarboxilase (AADC) que esta presente no cérebro, e é expressa por neurénios
dopaminérgicos. A AADC cliva o grupo carboxila do carbono alfa da cadeia lateral de
etilamina, liberando dioxido de carbono no qual requer o co-fator fosfato de piridoxal
(5,6)em seguida ocorre a hidroxilagdo pela atividade enzimatica da dopamina-f3-
hidroxilase, a qual converte a dopamina em noradrenalina. A noradrenalina € o
transmissor liberado pelas terminagbes nervosas simpaticas pos-ganglionares do
sistema nervoso autbnomo. Em outras células, a noradrenalina pode ser convertida
subsequentemente em adrenalina pela feniletanolamina N-metiltransferase. A
adrenalina € o hormdnio secretado pela medula da glandula supra-renal. A dopamina

€ um transmissor (ou neuromodulador) no sistema nervoso central (6).
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Figura 1: Sintese das catecolaminas (7)

Grande parte da noradrenalina liberada pelo neurbnio € capturado e
recondicionado dentro de vesiculas para nova utilizagdo, enquanto uma pequena
porcao é capturada pelas células nao neurais. A captura neural é feita pela familia das
proteinas transportadoras de neurotransmissores especificas - NET (transportador de
noradrenalina, do inglés norepinephrine transporter). Tais transportadores também
atuam como contransportadores de sédio, cloreto e amina. Ja o transporte até as
vesiculas da-se pelo transportador vesicular de monoaminas (VMAT) e a captura
extraneural (no tecido alvo) ocorre pelo transportador extraneural de monoaminas
(EMT).
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A metabolizacio das catecolaminas ocorre pela agao das enzimas monoamino-
oxidase (MAO-A e MAO-B) e dcatecol-o-metiltransferase (COMT). A MAO, abundante
nas terminagdes nervosas adrenérgicas, esta ligada a membrana externa das
mitocdndrias, convertendo catecolaminas em seus aldeidos correspondentes e
metabolizados pelo aldeido desidrogenase ao acido carboxilico correspondente. A
COMT envolve a metilagdo de um dos grupos hidroxila do catecol, que produzir um
derivado metoxi. Apés a acao de MAO + COMT, o produto final € o 3-metoxi-4-
hidroxifenilglicol (MHPG), eliminado pela urina em forma de glicuronideo ou sulfato, e
em grande parte convertido em acido vaniliimandélico - VMA. (8—10).

Atuando as catecolaminas possui uma agdo endogena nos receptores
adrenérgicos, sobre receptores alfa 1 e 2, e beta 1, 2 e 3 (11,12), tendo respostas
diferentes para cada receptor e tecido(13,14). Os efeitos fisioldgicos das
catecolaminas sdo mediados por receptores acoplados a proteina G (GPCR), que

controlam a sinalizagao do efetor, ou seja, o segundo mensageiro(15)

1.2. DOPAMINA

A dopamina, é uma catecolamina endoégena e é o precursor da producéo de
noradrenalina, e foi sintetizado pela primeira vez por George Barger, James Ewens, e
Henry Dale em 1910(16,17). Um dos mais importantes mediadores cardiovasculares,
a dopamina é caracterizada como um importante modulador/mediador da presséao
arterial por meio de um sistema dopaminérgico periférico independente (18). No
estudo realizado por Holtz e Credner (1944; (19) os autores descrevem que a
dopamina, em contraste com noradrenalina e adrenalina, produzia um efeito
vasopressor em cobaias e coelhos. Os efeitos vasopressores foram produzidos
inje¢des intravenosas de dopamina (>1 mg i.v.). Em humanos, a primeira evidencia
da dopamina foi relatado nos estudos de McDonald et al., 1963 (20) em voluntarios
saldaveis ocasionou-se uma redugdo acentuada da resisténcia vascular renal.
McDonald e Goldberg (1963; (21) também relataram que em caes anestesiados a
dopamina causa uma vasodilatacdo em doses baixas, porém em does mais altas

ocorre uma vasoconstricdo nas artérias renais. Atualmente foram caracterizados 5
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receptores dopaminérgicos classificado em duas familias principais familias: D1.ike €

D2.jike.

Os receptores de dopamina estdo em diversos régios e 6rgao do corpo sendo
identificados em vasos sanguineos, néfron, sistema nervoso. Sua agao/efeito
biolégico sdo mediados através de cinco principais receptores dopamina
geneticamente distintos: D+, D2, D3, D4 e Ds tendo sua classificagdo em duas
principais familias D1.ike (D1 D1) e D2.ike (D2, D3 € D4) — que estdo acoplados a proteina
G, com base na estimulagao (Gs) e inibigao (Gi) da adenilato ciclase, respectivamente
(22). A dopamina desempenha um papel importante na patogénese da hipertensao.
A primeira demonstragao do efeito vasodilatador da dopamina foi relatado por Toda e
Goldberg em 1973 (23) em artérias mesentéricas e renais isoladas de caninos
contraidas com cloreto de potassio (KCI; 10-30mM) no qual a dopamina causou
relaxamento em concentragdes 1-30 uM no qual produziu relaxamento na maioria dos

testes, porém ndo em todas as artérias.

Os receptores que estimulam a adenilato ciclase, os receptores
dopaminérgicos D1.ike €stdo acoplados a proteina Gs, a qual estimula a adenilato
ciclase. A adenilato ciclase catalisa a conversdo de adenosina trifosfato (ATP) em
adenosina monofosfato (AMP) ciclico, o qual se liga a proteina quinase A (PKA) para
desinibir/ativar as subunidades cataliticas. As primeiras evidéncias dos receptores de
dopamina da familia D1 foram identificadas através da estimulagdo da adenilato
ciclase pela dopamina, levando ao acumulo de AMP ciclico na retina (24) e no
neostriatum de rato (25) . Os receptores que inibem a adenilato ciclase, sdo os
receptores dopaminérgicos D2.ike 0S quais sdo mediados pela ativagdo das proteinas
G heterotriméricas G i/o, inativando/reduzindo a adenilato ciclase. Os receptores da
familia D2.ike SA0 responsaveis pela inibicdo da adenilato ciclase no qual age em
oposicao aos receptores da familia D1.ike, diminuindo a fosforilagdo de substratos de
PKA. A primeira via de sinalizagao identificada para receptores do tipo D2 foi a inibi¢ao
de acumulacdo de AMP ciclico em adenomas hipofisarios secretores de prolactina
humana (26,27)

A dopamina, um neurotransmissor bem conhecidos no sistema nervoso central,
também & um modulador importante da pressao arterial, do equilibrio de sédio, das

fungdes renal e adrenal e é relevante para a patogénese e/ou manutengdo de



17

hipertensdao (28). Curiosamente, derivados de dopamina, como o araquidonoil-
dopamina, foram encontrados no sistema nervoso central (29,30), onde atua como um
agonista enddégeno dos receptores canabindides. Outro derivado enddégeno da
dopamina, a 6-nitrodopamina, também apresentou liberacdo basal em vasos de
corddo umbilical humano(31), anéis adrticos de Chelonoidis carbonarius (32), anéis
aorticos de Pantherophis guttatus (33), vas deferens de Rattus norvegicus (34) e
Homo sapiens (35) e atrio direito de Rattus norvegicus (36)

1.3 Morfologia do cordao

O cordao umbilical € uma estrutura vital para o crescimento e bem-estar do feto
sendo o Unico 6rgéo que "morre no inicio da vida®. E uma estrutura fundamental que
liga 0 embrido a placenta (37). Seu comprimento pode variar entre 50 a 60 centimetros
de comprimento no final da gravidez possuindo em sua morfologia trés vasos
sanguineos que atravessam em espiral a geléia de Wharton, completando em média
10 a 11 voltas entre os fetos (38). O corddo umbilical possui duas artérias umbilicais
(Figura 02) responsaveis por transportar o sangue venoso do embrido para a placenta
e uma unica veia, a qual e responsavel de transportar o sangue rico de oxigénio e
nutriente da placenta para o embrido (39), Juntas, essas estruturas fornecem

nutrientes e respiracdo ao embrido.

Figura 2: Corte transversal do corddo umbilical humano: A: Artérias; V: veia;
GW: Geleia de Wharton (40)
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A geleia de Wharton consiste em grande numero de fibras colagenas, um
pequeno numero de fibroblastos, uma matriz contendo acido hialurbénico e
glicosaminoglicanos sulfatados (41). As artérias umbilicais sdo circundadas apenas
por uma camada plana ou cubica de células epiteliais e o endotélio, ndo contendo
nenhuma camada subendotelial ou endoelastica subjacente, a qual € adjacente a
camada muscular. A camada muscular consiste em uma camada longitudinal interna

(com lumens irregulares) sem nervos ou "ductos alimentadores”.

Nos vasos de corddo umbilical humano foi caracterizado farmacologicamente
por ensaios de reatividade vascular que a acetilcolina induz a contragédo na veia
umbilical humana (HUV), através da ativagéo dos subtipos de receptores colinérgicos
M1 e M3 (42). A acetilcolina, mas n&o a nicotina, causa a contracdo das artérias
umbilicais humana (HUA), a qual é sensivel a atropina (43). O tromboxano A2 causa
contracio no vasos do cordao umbilical humano semelhante ao seu mimético U46619
contrai HUA (44) e HUV (45). A endotelina (ET) é um potente vasoconstritor tanto in
vitro quanto in vivo. Ambas ET-1 e ET-2 sdo potentes agentes contrateis de HUA e
HUV (46), e HUV é mais sensivel a ET-1 em comparagdo com HUA(42) . No HUA,
noradrenalina, oximetazolina e fenilefrina, provocam uma contragcdo dependente da
concentragdo com uma ordem de poténcia agonistica: noradrenalina = oximetazolina
> fenilefrina, a qual é consistente com uma interagédo com az-adrenoceptores (47). O
antagonista dos adrenoceptores a1, prazosin, causou uma redugao dependente da
concentragdo da resposta contratii a noradrenalina e antagonizou a contragéo

induzida pela fenilefrina no HUA, indicando a presenga de ai-adrenoceptores (48).

1.4 Endotélio Vascular, fator relaxante derivado do endotélio

A identificagdo da importancia do endotélio na regulagdo do tonus vascular foi
observada no estudo de Furchgott e Zawadzki (1980; (49), analisando a relagao entre
a acetilcolina (ACh) e a vasodilatagdo em aorta isolada de coelho. Em algumas
preparagdes notou-se que a acetilcolina produzia a vasodilatagado. Isso ocorria devido
a presenca do endotélio durante a preparagédo do vaso, originalmente denominado
“fator relaxante derivado do endotélio” (do inglés, EDRF ou endothelium derived
relaxing factor), identificado mais tarde que esse efeito era devido a liberacéo de 6xido
nitrico (NO).
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O endotélio consiste numa monocamada de células que constitui a estrutura
mais interna de todo sistema circulatério, separando o sangue da parede vascular e
do intersticio (Figura 3). As células endoteliais comunicam-se com células do musculo
liso vascular por meio de jungdes “gap” mioendoteliais, as quais permitem a

transferéncia de ions ou pequenas moléculas (50).

Figura 03: Fonte: Adaptada de Servier Medical Art — Powerpoint Image Bank
(acessado em 25/08/2022).

As respostas vasodilatadoras dependentes do endotélio envolvem
predominantemente fatores como NO (51), hiperpolarizagdo derivada do endotélio
(EDH; (52) e endotelina (53). Entre os fatores derivados do endotélio, o NO €& gerado
pela NO sintase endotelial (eNOS) a partir de L -arginina e é considerado como a mais
importante substancia moduladora do ténus vascular, devido a sua capacidade de
regular uma grande variedade de respostas vasodilatadoras que contribuem para a
homeostase vascular (51).

As células endoteliais produzem e liberam outras substancias vasodilatadoras.
As fung¢des do endotélio através do NO e de outros mediadores vasodilatadores, é
modular processos como a angiogénese, respostas inflamatodrias, imunoldgicas,
homeostase, tbnus e permeabilidade vascular, fatores antioxidantes (enzima
superoxido dismutase), além de atuarem na prevengao de trombose e promoverem a

manutencao da integridade dos vasos (54).
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A reagao da L-Arginina e oxigénio molecular leva a produgao de NO e citrulina,
esta reacao € catalisada por uma familia de enzimas denominada de Oxido nitrico
sintase (NOS; (55). Até o momento foram descritas trés isoformas de NOS no qual
sdo caracterizadas de acordo com sua expressdo em cada tecido especifico: NOS
neuronal (NNOS ou NOS [; (56) que esta presente nos sistemas nervosos central e
periférico, no qual produz NO que atua como neurotransmissor; NOS induzivel (iNOS
ou NOS Il), cuja indugao ocorre por agao de citocinas inflamatérias e a NOS endotelial
(eNOS ou NOS IlI; (57), expressa de maneira constitutiva predominantemente nas
células endoteliais.

Na célula endotelial o NO formado difunde-se rapidamente até as fibras
musculares lisas onde se combina com o ferro da porg&o ativa da enzima guanilato
ciclase soluvel (GCs), que catalisa a saida da sitio de guanosina trifosfato (GTP) em
guanosina monofosfato ciclica (GMPc), no qual cicla a GMPc e subsequente ativagéo
da proteina quinase dependente de GMPc (PKG) nas células do musculo liso (58).
Essa ativagdo resulta no relaxamento celular reduzindo os niveis intracelular de ion
de calcio (Ca?*), fosforilando a cadeia leve de miosina e inibindo a contragéo
dependente de calcio. A fosforilagdo da PKG promove o aumento do sequestro de
Ca?* para o reticulo endoplasmatico, no qual também impulsiona a abertura de canais
de potassio (K*) e fechamento de canais de calcio do tipo-L, proporcionando o

relaxamento vascular (59).

1.5 Endotélio Vascular, fator contraturante derivado do endotélio

A primeira evidéncia que apoia a hipétese de que o endotélio pode liberar um
vasoconstritor veio de experimentos em artérias coronarias caninas isoladas, nos
quais um experimento em hipdxia ou anoxia produziu contragbes dependentes do
endotélio (60). Foi demostrado que as contragbes dependentes do endotélio também
através da modulagdo da pressao arterial e estimulagao elétrica (61) em artérias
cerebrais de gatos. A liberagdo basal de fator contraturante derivado do endotélio
(EDCF), no inglés “endothelium derived contracting fator” foi relatada em cultura de

células endoteliais bovinas, demostrando assim sua origem bioldgica (62).
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As contragcbes dependentes do endotélio induzidas por acido araquiddnico
(63,64) sao prevenidas pelos inibidores de ciclooxigenase (bloqueadores da sintese
de prostaglandinas) tais como indometacina, meclofenamato e acido acetilsalicilico,
inibidor da tromboxano sintetase dazoxibeno (63) indicando que o EDCF
possivelmente seja um prostandide. Porém as respostas contrateis dependentes do
endotélio a andxia ou hipdxia ndo sédo inibidas por inibidores da ciclooxigenase,
propondo que a resposta contratil por ‘hipdxia’ ndo € afetada por inibidores de
lipoxigenase, fosfolipase A2, e antagonistas adrenérgicos, receptores
serotoninérgicos e histaminérgicos (65). Os efeitos vasoconstritores produzido por
incubacéo de células endoteliais aorta bovinos ndo foram afetadas pelos inibidores
acima mencionados, porém foram inibidas por tripsina e por hidrélise alcalina ou acida,

sugerindo que o EDCF possa ter uma estrutura peptidica (62).

A endotelina (ET) € um peptideo liberado do endotélio, possuindo na sua
estrutura 21 aminoacidos, e apresentando um potente efeito vasoconstritor (66). No
estudo de De Nucci et al., (1988(53) foi demostrado que é removida pela circulagéo
pulmonar do rato in vitro e in vivo e pelo pulmao da cobaia in vitro. A endotelina
também causa de prostaciclina (PGI2) e tromboxano (TXAz2) e de 6xido nitrico. Existem
trés genes de endotelina no genoma humano sendo ET-1, ET-2 e ET-3 (67). ET-1 foi
a primeira a ser identificado/detectado por Yanagisawa et al. (1988) (66) em cultura
de células endoteliais aorticas porcinas. O ET-2 é a sequéncia Leuh-Met” de ET-1 é
substituida por Trph-Leu’. ET-3 é a forma originalmente encontrado no genoma do
rato, no qual os residuos ET-1 Ser?-Ser*-Ser®-Leuh-Met’-Phei* foram substituidos por
Thr2-Phe*-Thr5-Tyrh-Lys’-Tyrls (68).

Um novo mediador liberado do endotélio temos as catecolaminas que
curiosamente, foi identificada por imuno-histoquimicas presenca da enzima tirosina
hidroxilase, responsavel por catalisar a converséo de L-tirosina em L-DOPA, em vasos
de cobras “Crotalus durissus terrificus e Bothrops jararaca” (69)e jabuti “Chelonoidis
carbonarius” (70) estando presente apenas nas células endoteliais. Como a
imunohistoquimica ndo conseguiu identificar terminais nervosos em vasos de
Chelonoidis carbonarius (70), os resultados indicam uma fonte ndo neuronal de
sintese de catecolaminas. Em anéis aodrticos de Chelonoidis carbonaria por
cromatografia liquida acoplada ao espectrdmetro de massas em tandem (LC-MS/MS)

revelou a liberagdo basal de dopamina, noradrenalina e adrenaline (71). Esta bem
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estabelecido que as células endoteliais modulam a reatividade vascular através da
liberagdo de mediadores como prostaciclina (72), 6xido nitrico (49) e endotelina (66).
As catecolaminas modulam o ténus, no entretanto, a producédo e a liberacdo de
catecolaminas estdo associadas a existéncia de terminais nervosos nos vasos
(73,74). Neste estudo, foi investigada a natureza do mediador liberado pelo endotélio
dos vasos do corddao umbilical humano (HUCV) por cromatografia liquida acoplada a
espectrometria de massa (LC-MS-MS) e caracterizado farmacologicamente o
mecanismo das contragdes induzidas por EFS em artérias umbilicais humanas (HUA)
e veias umbilicais humanas (HUV).
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2 OBJETIVOS

2.1. Objetivo Geral
Investigar a ag&o in vitro da dopamina liberada pelo endotélio do cordao umbilical

humano.

2.2. Objetivos Especificos

e Avaliar o papel do endotélio como fonte de catecolaminas na contrag&o induzida por
EFS em HUCV, na presencga e auséncia de endotélio integro;

e Caracterizar o mecanismo farmacologico das contragdes induzidas por EFS em

musculo liso vascular de corddo umbilical humano;
e Quantificar a liberacao de catecolaminas por LC-MS/MS;

e Identificar e localizar enzimas envolvidas na sintese de catecolaminas (tirosina
hidroxilase, dopamina beta-hidroxilase) em vasos isolados de corddo umbilical

humano através de ensaios de imuno-histoquimica;

e Realizar uma investigacdo morfolégica pelo ensaio de hibridizagdo in situ para

comprovacao da imuno-histoquimica.
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3 MATERIAIS e METODOS

3.1 Populacao e amostra do estudo

Parturientes maiores de 18 anos, em parto natural ou cesarea realizados na Santa Casa de
Vinhedo (Vinhedo - SP) e na Maternidade de Campinas (Campinas - SP), foram convidadas
a participar do estudo. Foram convidados a participar desse estudo mulheres normotensas,
que ndo apresentavam pré-eclampsia, diabetes mellitus pré-gestacional ou gestacional e
que nao estavam fazendo uso de medicagao regular. O consentimento livre e esclarecido
foi assinado pelas parturientes que concordaram em participar desse estudo. Foi utilizados
corddes umbilicais de 99 voluntarios com idades entre 18 e 47 anos. A investigacao seguiu
os principios contidos na Declaracdo de Helsinque, esse estudo foi aprovado pelo Comité
de Etica e Pesquisa (CEP) do Instituto de Ciéncias Biomédicas da Universidade de S&o
Paulo - ICB/USP (protocolo n © 3.165.417).

3.2 Protocolo de reatividade vascular em anéis de artéria e veia de cordao umbilical

humano

Para a avaliac&do da reatividade vascular os tecidos de HUA e HUV foram colocados em
banho de 6rgédos com 10 mL em solucdo de Krebs-Henseleit, gaseificada com mistura
carbogénica (02:CO2, 95:5%) a uma temperatura mantida de 37 °C.

Apo6s um periodo de estabilizacdo de 90 minutos, os anéis foram pré-contraidos com
serotonina (5-HT; 1 yM) e a integridade do endotélio foi avaliado por incubagédo com ATP
(10 uM) na presenca e auséncia de inibidores da sintese de 6xido nitrico, L -NAME (100
MM). A integridade do musculo liso foi avaliada pelo relaxamento induzido por nitroprussiato
de s6dio (SNP; 10 uM).

Posteriormente, os anéis HUA e HUV foi submetido a estimulagdo de campo elétrico
(EFS) a 60 V por 30 s usando um estimulador da Grass S88 com pulsos de onda quadrada
de 8-16 Hz, largura de pulso de 0,3 ms e atraso de 0,1 ms. (Astro-Medical, Industrial Park,
Rhode Island, EUA). Para avaliar e caracterizar o mecanismo de contragédo do EFS foi
utilizado tetrodotoxina (TTX; 1 uM), atropina (10 uM e 100 uM), indometacina (10 pM),
glibenclamida (10 uM) e fentolamina (10 uM e 100 uM).
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Em um segundo experimento, a EFS foi realizada em vasos sem endotélio. Ja em um
terceiro experimento, o efeito dos antagonistas foi avaliado na presenga de L-NAME (100
MM) para os antagonistas do receptor D1.ike da dopamina SCH-23390 (10 uM), receptor Do.
ike da dopamina haloperidol (10 uM), antagonista do receptor a.1-adrenérgico prazosin (100

MM), e do antagonista do receptor az-adrenérgico idazoxan (100 pM).

Para o ensaio "sanduiche", trés tecidos (trés artérias ou trés veias) foi colocado em um
banho de 6rgaos contendo 10 mL de solugdo de Krebs-Henseleit borbulhando por uma
mistura produtora de carbono (02:CO2, 95:5%) a uma temperatura 37°C. Os dois anéis com
endotélio foram chamados de "tecido doador" (6 mm) e o anel sem endotélio foi chamado
de "tecido receptor" (3 mm). Os anéis foram mantidos no mesmo banho de 6rgaos pelo
mesmo tempo e nas mesmas condi¢gdes para investigar se fatores liberados pelo tecido
doador poderiam afetar o tecido receptor durante a EFS.

Foi também realizado curvas concentragdo resposta a dopamina (10 nM a 3 mM)
realizadas em anéis de HUA e HUV com o endotélio preservado na auséncia e na presenga
de oxido nitrico L-NAME (100 pM). Para investigar os efeitos dos receptores
dopaminérgicos foi utilizados os antagonistas do receptor D1.ike SCH-23390 (10 uM) e do
antagonista do receptor Da.ike haloperidol (10 uM) nas contragdes induzidas por dopamina
em vasos intactos com endotélio tratados com L-NAME.

3.3 Analise por LC-MS/MS

As concentra¢des de dopamina, noradrenalina e adrenalina na solugao de Krebs-
Henseleit foram determinadas por LC-MS/MS. Resumidamente, 100 yL dos padrbes
internos (dopamina-d3, noradrenalina-d6 e adrenalina-dé a 100 ng/mL) foram adicionados
a solugao de Krebs (2 mL) seguido por 1.5 mL de agua deionizada. Apés agitagado em voértex
por 10 seg, 100 mg de Al,O3 foram adicionados e as amostras foram incubadas por 20 min
em um agitador orbital (Centrifuga 5810/5810 R). Os tubos foram entdo centrifugados a
2,000 g por 4 min a 4 °C e o sobrenadante descartado. O residuo foi lavado 4 vezes com 2
mL de agua deionizada. Apos a lavagem final, foram adicionados 200 pyL de uma solugao
contendo acido trifluoroacético 0,1% em ACN/H2O (60/40; v/v). Apds agitagdo em vortex
por 40 seg, os tubos Eppendorf foram centrifugados a 2,000 g por 5 min e os sobrenadantes
transferidos para vials e submetidos a analise por LC-MS/MS (Shimadzu; (75).
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3.4 Imuno-histoquimica

Amostras de corddo umbilical humano (n= 5) foram fixadas em formalina tamponada
10%, incluidas em parafina, e posteriormente cada bloco foi cortado em se¢des seriadas
de 4-5 ym de espessura. Foram realizadas coloracdo H&E e, com relacdo as amostras
encaminhadas para imuno-histoquimica ou hibridizagdo in situ de fluorescéncia (FISH)

foram utilizadas laminas silanizadas e carregadas positivamente.

As amostras de tecido foram primeiramente desparafinizadas e reidratadas em
alcoois graduados em agua destilada e, em seguida, incubadas em peroxido de hidrogénio
a 3% por 10 min para bloquear a peroxidase enddégena. A recuperagao antigénica foi feita
com tampéao citrato (10 mM, pH 6,0) a 95 °C por 20 min (em panela de vapor).
Posteriormente, as ldminas contendo as amostras foram lavadas em PBS. Foi feita a
incubacao das secgdes com os respectivos anticorpos primarios descritos abaixo por 2
horas, a temperatura ambiente. Os anticorpos primarios usados foram os seguintes: (1)
anti-calretinina humana (mouse monoclonal IgG1, clone: DAK-calret 1, 1:200 in PBS;
DAKO/Agilent, USA) (2) anti-tirosina hidroxilase (chicken polyclonal I1gY, ab76442, 1:1500,
Abcam, Cambridge, UK) e (3) anti-dopa descarboxilase (mouse monoclonal IgG1; clone:
CL 2962; ab211535, Abcam, Cambridge, UK). Para detecgao de tirosina hidroxilase foram
usados anticorpos secundarios (goat anti-chicken I1gY, ab150169, 1:500, Abcam,
Cambridge, UK) e terciario (rabbit anti-goat 1I9G, AP106P, 1:250, Sigma/ Merck, Germany)
(Britto-Junior et al., 2020). As laminas foram incubadas com o anticorpo secundario por 1
hora a temperatura ambiente, lavadas com PBS. E, em seguida, as laminas foram

incubadas com anticorpo terciario por 1 hora a temperatura ambiente.

O sistema de deteccdo utilizado neste estudo foi o NovoLink™ Max Polymer
Detection System (catalog code RE7280-k, Leica Biosystems, UK), seguindo o protocolo
do fabricante. Foi usado o cromégeno 3,3' diaminobenzidine (DAB, DAKO). No final, as
laminas foram desidratadas e contracoradas com hematoxilina de Harris e montadas com
Entellan (Sigma/Merck). Os controles negativos consistiram na omissdo do anticorpo
primario e incubadas com o diluente (bem como com os anticorpos secundarios/terciarios,
quando aplicavel, e o sistema de detecgéo). No ensaio de imuno-histoquimica foi feito um
controle negativo por se¢ao, para identificar qualquer reagéo de fundo.

Todas as laminas imunomarcadas foram analisadas, e as imagens capturadas
utilizando um microscopio trinocular Eclipse 50i microscope (Nikon) coupled to a 10MP

CMOS digital camera (AmScope, EUA). A positividade foi avaliada por um médico
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patologista (AAS), que desconhecia a presenga ou auséncia de anticorpo primario na
amostra (0 observador ndo sabia se uma amostra teste ou um controle de omisséo estava
sendo avaliada). As etiquetas das laminas foram cobertas com um adesivo de oclusao

removivel.

Com relagao a hibridizagéo in situ (FISH), foram selecionados aleatoriamente 5
amostras dentre 8 corddes umbilicais humanos usados para a realizagdo de imuno-
histoquimica. As amostras foram desparafinizadas com xilol e reidratadas em alcoois
graduados por 5 min cada. Em seguida, foram incubados em solugédo de HCI 0,2 N por 20
min e, posteriormente, tratados com tampao citrato (ZytoVision kit, catalog code Z-2028-20,
Germany), pH 6,0 a 80 °C por 1 h. Em seguida, os cortes foram incubados com pepsina por
8 min em temperatura ambiente. As laminas foram lavadas com 2X SSC (ZytoVision Kkit,
catalog code Z-2028-20, Germany), desidratadas em uma sequéncia de etandis (75%, 80%
e 100% de etanol por 2 min cada) e, em seguida, secas ao ar. As laminas foram incubadas
com 100 pL da sonda de mRNA de TH (na concentragdo de 100 uM, em agua livre de
RNAse) por 10 min a 75 °C e overnight em um Hybridizer Dako a 37 °C. A sequéncia da
sonda de mRNA de TH foi a seguinte: 5- AACCGCGGGGGACATGATGGCCT - 3 ' (RNA
Tm = 77,8 °C) (RNA Tm = 77.8°C) (catalog code: VC00021, Sigma/Merck, Germany). As
sondas foram marcadas com fluoresceina 6-FAM na regi&o 5'.

No dia seguinte, os cortes foram colocados em solugédo de UREA/0,1Xssc, a 45°C
por 30 minutos e, em seguida, lavadas com solugao 2xSSC por 2 minutos. Depois, os cortes
foram desidratados em etanol 75%, 85% e 100% por 2 minutos cada, e secados ao ar. Por
fim, as laminas foram montadas com 15 yL de DAPI contendo meio de montagem (kit
ZytoVision) e laminula (sendo a laminula selada com Fixogum Rubber Cement, de Marabu,
Alemanha). Os controles negativos consistiram na omissao da sonda e foram realizados
em todos os ensaios FISH (um controle negativo por segao) para controlar qualquer
autofluorescéncia significativa. Todas as laminas de FISH foram examinadas e
fotomicrografadas usando um microscopio trinocular DM4000 B LED (Leica Microsystems,
Wetzlar, Alemanha) acoplado a uma camera de 1,4 MP DFC 310 FX (Leica, Suiga).
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4 RESULTADOS

4.1 Artigo 1 — Electrical field stimulation induces endothelium-dependent contraction of
human umbilical cord vessels.

Autores: José Britto-Junior, Felipe Fernandes Jacintho, Guilherme M Figueiredo Murari,
Rafael Campos, Ronilson Agnaldo Moreno, Edson Antunes, Fabiola Z Monica,
Gilberto De Nucci.
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whether the endothelium would modulate its effect.
2. Methods

2.1. Study participants

Parturients over the age of eighteen, undergoing cesarean or natural
delivery from Santa Casa de Vinhedo and Maternity of Campinas
Hospital (Sdo Paulo, Brazil), were invited to take part in the study. The
women included in this study were normotensive and did not have
preeclampsia, pregestational or gestational diabetes mellitus and none
were on regular medication. Written consent was obtained from those
who agreed to participate. The umbilical cord from 32 volunteers aged
20-35 years was used.

The investigation conformed to the principles outlined in the
Declaration of Helsinki and the protocol was approved by the Ethics
Committee of the Institute of Biomedical Sciences of the University of
Sao Paulo — ICB/USP (protocol number 3.165.417).

2.2. Reagents

Serotonin (5-HT), adenosine 5’-triphosphate (ATP), sodium ni-
troprusside (SNP), N,,-Nitro-L-arginine methyl ester hydrochloride (L-
NAME), atropine, indomethacin, glibenclamide, phentolamine and te-
trodotoxin (TTX) were purchased from Sigma-Aldrich Chemicals Co.
(Missouri, USA). Sodium chloride (NaCl), potassium chloride (KCl),
calcium chloride (CaCly), magnesium sulfate (MgSO4), sodium bi-
carbonate (NaHCO3), pc i phosph basic (KH,PO,) and
glucose were purchased from Merck KGaA (Darmstadt, Germany).

2.3. Tissue preparation

A segment of the umbilical cord — 10-20 cm from the insertion point
in the placenta and 5cm from the umbilicus was removed by the ob-
stetrician and placed in a container with Krebs-Henseleit solution. The
Warton's jelly was removed and the HUA and the HUV were dissected.
Vessel rings (3mm) were suspended vertically between two metal
hooks in 10 mL organ baths containing Krebs-Henseleit solution: (mM)
NacCl (118), KClI (4.7), CaCl; (2.5), MgSO4 (1.2), NaHCO; (25), KH,PO4
(1.2) glucose (5.6) gassed with a mixture of 95%0,: 5% CO, (pH 7.4) at
37 °C and coupled to isometric transducer. The initial smooth muscle
tension was set at 10 mN. The tensioning force was recorded using a
PowerLab 400 data acquisition system (Software Chart, version 7.0;
ADInstruments, Colorado Springs, CO, USA).

2.4. Vascular reactivity protocol in human umbilical cord artery and vein
rings

Following a 90-min stabilization period, rings were pre-contracted
with 5-HT (1 uM), and the integrity of the endothelium was evaluated
by incubating ATP (10 uM) in the presence and in the absence of the
nitric synthase inhibitor L-NAME (100 pM). Seroronin was chosen as
the contracturant agent since induces contractile responses at suffi-
ciently low (physiologic) concentrations to be involved in the control of
vascular tone in umbilicoplacental circulation [14]. In another set of
experiments, the endothelium was removed with the aid of a thin stick,
and the integrity of the smooth muscle was assessed by a relaxation
induced by SNP (10 pM).

Human umbilical cord arteries and veins rings were subsequently
submitted to EFS at 60V for 30s, at 8-16 Hz in square-wave pulses,
0.3ms pulse width, and 0.1 ms delay, using a Grass S88 stimulator
(Astro-Medical, Industrial Park, RI, USA). Electrical-field stimulations
were performed in the presence and absence of the sodium channel
blocker tetrodotoxin (TTX; 1pM), the peripheral muscarinic acet-
ylcholine receptor antagonist atropine (10 uM and 100 uM), the pros-
taglandin synthesis inhibitor indomethacin (10 pM), the inhibitor of
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KATP channels glibenclamide (10pM) and the nonselective alpha-
adrenergic antagonist phentolamine (10 pM and 100 pM). In another
set of experiments, EFS was performed in vessels without endothelium.

For the “sandwich” assay, a protocol previously described
(Furchgott and Zawadzki, 1980; Plane et al., 1995 and Dong et al.,
1997) was used. Three tissues (either three arteries or three veins) were
placed in an organ bath in 10 mL in Krebs-Henseleit solution, gassed
with carbogenic mixture (0,:CO», 95:5%) at a maintained temperature
of 37 °C. The two rings with endothelium were referred as the “donor
tissue” (6 mm) and the ring without endothelium as the “recipient
tissue” (3 mm). Each ring was maintained in the same organ bath for
the same period of time and under the same conditions to investigate
whether factors released by the donor tissue could affect the recipient
tissue during EFS [15-17].

2.5. Data analysis

Data are expressed as mean * standard deviation (SD) and
mean * standard error of mean (SEM) of the number of experiments.
Paired or unpaired Student's t-test was performed according to the
protocol and a p-value < 0.05 was considered significant.

3. Results
3.1. Endothelium evaluation

Serotonin (5-HT, 1 pM) induced contractions in both HUA and HUV
(9.7 £ 2.6 mN and 11.4 = 1.5 mN, n =5 for each group). ATP
(10 uM) induced relaxation in both HUA and HUV (37.9 + 1.8% and
40.3 = 1.9%; Fig. 1A and B). The relaxation-induced by ATP was
abolished by pre-incubation with L-NAME (100 uM; Fig. 1C and D).

3.2. Electrical field stimulation

The HUA contraction magnitudes were 2.35 + 1.31 mN and
3.77 = 2.31 mN for 8 Hz and 16 Hz, respectively (n = 24; Fig. 2A and
C). The HUV contraction magnitudes were 3.81 = 2.54 mN and
6.26 + 4.51 mN for 8 Hz and 16 Hz, respectively (n = 25; Fig. 3A and
C). Mechanical removal of the endothelium practically abolished EFS-
induced contractions in both HUA (Fig. 2B and C) and HUV (Fig. 3B and
Q).

3.3. Tetrodotoxin

Incubation with tetrodotoxin (1 uM), a neurotoxin commonly used
as a pharmacological tool to block sodium channels on nerve cells, had
no effect in the EFS-induced contractions of HUA (Fig. 4A and C) and
HUV (Fig. 4B and D).

3.4. Atropine

Incubation with the muscarinic receptor antagonist atropine (10 pM
and 100uM), had no effect in the EFS-induced contraction of HUA
(2.3 £ 0.6and 2.7 = 1.1 mN for 8Hz and 3.6 = 2.2and 3.9 = 2.5
mN for 16 Hz; n = 5, for control and atropine 10 uM pre-treated vessels,
respectively and 2.6 = 0.7 and 2.9 = 1.1 mN for 8Hz and 3.5 + 2.1
and 3.8 = 2.2 mN for 16 Hz; n = 5 for control and atropine 100 pM
pre-treated vessels, respectively). Similar results were obtained in HUV
(23 £ 1.2and 2.4 + 1.5mN for 8Hz and 3.6 + 2.1 and 3.4 + 1.6
mN for 16 Hz; n = 5, for control and atropine 10 uM pre-treated vessels,
respectively and 3.4 = 2.2and 3.6 + 2.1 mN for 8Hz and 5.2 + 3.4
and 5.1 += 3.7 mN for 16 Hz; n = 5 for control and atropine 100 pM
pre-treated vessels, respectively).
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4.2 Artigo 2 — Endothelium-derived dopamine modulates EFS-induced contractions

of human umbilical vessels
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1 | INTRODUCTION

Electrical field stimulation (EFS) is a technique in which an electrical
stimulus is applied uniformly to an isolated tissue in short pulse width
waves."? It may cause tissue contraction or relaxation depending on the
mediators released.** The proposed mechanism for EFS in isolated tis-
sues is stimulation of intramural nerve endings.® The sodium channel
blocker tetrodotoxin is classically used to block neural stimulation. The
EFS-induced contractions of the aortae of the snakes Crotalus durissus
terrificus and Bothrops jararaca,’” Panterophis guttatus,® and of the tortoise
Chelonoidis carbonaria’ are endothelium dependent and tetrodotoxin in-
sensitive. The EFS-induced contractions of human umbilical cord vessels
(HUCV) are also dependent on the presence of the endothelium and
are not affected by tetrodotoxin,° the latter indicating lack of involve-
ment of nerve terminals. Indeed, the umbilical cord has no innervation
since no cholinergic or adrenergic nerve fibers have been identified by
fluorescence.!* The nonselective alpha-blocker phentolamine caused a
significant inhibition of EFS-induced HUCV contractions. However, this
inhibition was observed only at high concentrations, indicating that it
may be acting on a different population of receptors.’®

In this study, the nature of the mediator was identified by liquid
chromatography coupled to tandem mass spectrometry (LC-MS-MS),
followed by a pharmacological characterization of the EFS-induced
contractions in both HUA and HUV in vitro.

2 | METHODS
2.1 | Study participants

Participants over the age of 18, undergoing the natural or cesarean
delivery from Santa Casa de Vinhedo (Vinhedo-SP) and Campinas
Maternity Hospital (Campinas-SP), were invited to take part in the
study. The women were normotensive, and did not have preeclamp-
sia, pregestational, or gestational diabetes mellitus and none were
on regular medication. Written consent was obtained from those
who agreed to participate. Umbilical cords from 67 volunteers aged
18-47 years were used (from 18-25, n = 23; from 26-35, n = 25; and
from 36-47, n = 19 participants).

The investigation conformed to the principles outlined in the
Declaration of Helsinki and the protocol was approved by the Ethics
Committee of the Institute of Biomedical Sciences of the University
of Sao Paulo—ICB/USP (protocol number 3.165.417).

2.2 | Reagents

Adrenaline, noradrenaline, dopamine, adenosine 5'-triphosphate
(ATP), N“-Nitro-L-arginine methyl ester hydrochloride (L-NAME),
(ODQ), and SCH-
23390 were purchased from Sigma-Aldrich Chemicals Co. (St Louis,

H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one

Missouri, USA). Haloperidol was bought from Nallin Farmacia e
Manipulagado Ltda (Itatiba-SP, Brazil). Dopamine-d3 hydrochloride,

DL-noradrenaline-dé hydrochloride, and adrenaline-dé6 hydro-
chloride were acquired from CDN Isotopes (Point Claire, Canada).
Aluminum oxide and Harris' Hematoxilin were purchased from
Dinamica Quimica Contemporanea Ltda (Indaiatuba-SP, Brazil).
Sodium chloride (NaCl), potassium chloride (KCl), calcium chloride
(CaCl,), magnesium sulfate (MgSO,), sodium bicarbonate (NaHCO,),
potassium phosphate monobasic (KH,PO,), glucose, and entellan
were bought from Merck KGaA (Darmstadt, Germany). Acetonitrile
was obtained from J.T Baker (Phillipsburg, NJ, USA), and formic acid
(HPLC grade) was purchased from Mallinckrodt (St Louis, MO, USA).
Anti-human calretinin (code: 1S627) was purchased from DAKO
(Agilent, USA). Anti-tyrosine hydroxylase (code: ab76442), anti-dopa
decarboxylase (code: ab211535), and the secondary antibody (a goat
anti-chicken 1gY [code: ab150169]) were purchased from Abcam
(Cambridge, UK). The tertiary antibody, a rabbit anti-goat 1gG (code:
AP106P), was purchased from Sigma/Merck (Darmstadt, Germany).
NovoLink™ Max Polymer Detection System (code: RE7280-k) and
3,3’ diaminobenzidine (DAB) were purchased from Leica Biosystems
(UK). Citrate buffer, pepsin, 2XSSC, and DAPI (code: Z-2028-20)
were bought from ZytoVision kit (Bremerhaven, Germany).

2.3 | LC-MS-MS analysis

This study was carried out on human umbilical cord specimens
obtained from 12 different placentae/patients. A segment of the
umbilical cord—10-20 cm from the insertion point in the placenta
and 5 cm from the umbilicus—was removed by the obstetrician and
placed in a container with Krebs-Henseleit's solution. The Wharton's
jelly was removed and the umbilical arteries (HUA) and the umbilical
vein (HUV) were dissected. Vessel rings (two HUA and one HUV;
15 mm each ring; with or without endothelium) were incubated in
10 mL organ baths containing Krebs-Henseleit's solution: (mM) NaCl
(118), KCI(4.7), CaCl, (2.5), MgSO,, (1.2), NaHCO, (25), KH,PO,, (1.2),
and glucose (5.6) gassed with a mixture of 95%0,: 5% CO, (pH 7.4)
at 37°C. After a period of 30 minutes, an aliquot of 2 mL of the su-
pernatant was transferred to an Eppendorf tube and stored at -20°C
until the time for analysis.

The dopamine, noradrenaline, and adrenaline concentrations in
the Krebs-Henseleit's solution were determined by liquid chroma-
tography coupled to tandem mass spectrometry (LC-MS/MS). The
extraction procedure was similar to that described for extracting
methyldopa from plasma.’? Briefly, 100 pL of the internal standards
(dopamine-d3, noradrenaline-dé, and adrenaline-dé at 100 ng/mL)
were added to the Krebs' solution (2 mL) followed by 1.5 mL of
deionized water. After vortexing for 10 seconds, 100 mg of Al,O,
was added and left for incubation for 20 minutes in an orbital agita-
tor (Centrifuge 5810/ 5810 R). The tubes were then centrifuged at
2000 g for 4 minutes at 4°C and the supernatant discarded. The resi-
due was washed 4 times with 2 mL of deionized water. After the final
wash, 200 pL of a solution containing trifluoroacetic acid 0.1% in
HCN/H20 (60/40I; v/v) was added. After vortexing for 40 seconds,
the Eppendorf tubes were centrifuged for 2000 g for 5 minutes and
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TABLE 1 Mass spectrometry operating
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conditions MRM transition Q1 Prebias Collision Q3 Prebias Retention
Analyte (m/z) (\%) energy v) time (min)
Dopamine 154.00 >91.15  -12.00 -23.00 -18.00 3.12+0.3
Noradrenaline 170.10 > 10710  -12.00 -23.00 -18.00 297 +0.3
Adrenaline 184.20 > 10700 -12.00 -23.00 -18.00 3.05+0.3
Dopamine-dé 157.00 >93.00  -12.00 -23.00 -18.00 3.12+0.3
Noradrenaline-d3 176.10 > 158.10 -12.00 -23.00 -18.00 297+03
Adrenaline-dé 190.00 > 171.95 -12.00 -23.00 -18.00 3.05+0.3

the supernatant transferred to the vials for injection. The samples
were analyzed by liquid chromatography coupled to a triple quadru-
pole mass spectrometer, LCMS-8050 (Shimadzu).

The separation of catecholamines was performed on a
100 x 4.6 mm Lichrospher RP-8 column (GL Sciences Inc) using ace-
tonitrile/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 transitions and retention times em-
ployed are described in the table below (Table 1).

2.4 | Immunohistochemistry

This assay was carried out on human umbilical cord specimens ob-
tained from 8 different placentae/patients. The human umbilical
cord samples were then fixed in 10% neutral buffered formalin and
embedded in paraffin blocks. Each block was cut into serial 4-um-
thick sections which were mounted on positively charged slides
prior to H&E, immunohistochemical, or fluorescence in situ hybridi-
zation (FISH) stainings.

Tissue sections were deparaffinized and rehydrated in graded
alcohols to distilled water, and then they were incubated in 3% hy-
drogen peroxide for 10 minutes to block the endogenous peroxi-
dase. Antigen retrieval was performed by heating slides in citrate
buffer (10 mm, pH 6.0) at 95°C for 20 minutes (in a steamer set).
Subsequently, they were left to cool down at room temperature
and rinsed with PBS. Each slide was then incubated for 2 hours at
room temperature with one of the primary antibodies. The primary
antibodies used were (1) anti-human calretinin (mouse monoclonal
1gG1; clone: DAK-calret 1; catalog code: IS627; immunogen: purified
recombinant protein, expressed from the human malignant meso-
thelioma cell line [Mero-41] calretinin encoding gene, in E. colii'z;
the epitope was not specified by the manufacturer; dilution: 1:200
in PBS; DAKO/Agilent, USA), (2) anti-tyrosine hydroxylase (chicken
polyclonal IgY; catalog code: ab76442; immunogen: two synthetic
peptide/keyhole limpet hemocyanin [KLH] conjugates—these syn-
thetic peptides corresponded to different regions of the Tyrosine
Hydroxylase gene product, but were shared between the human
[PO7101] and mouse [P24529] sequences; predicted reactivity:
mouse,rat,andhuman,accordingtothe manufacturer;dilution 1:1500

in PBS, Abcam, Cambridge, UK), and (3) anti-dopa decarboxylase
(mouse monoclonal 1gG1; clone: CL 2962; catalog code: ab211535;
immunogen: recombinant fragment corresponding to Human DOPA
Decarboxylase/DDC aa 114-221; sequence: LETVMMDWLGKMLEL
PKAFLNEKAGEGGGVIQGSASEATLVALLAARTKVIHRLQAA
SPELTQAAIMEKLVAYSSDQAHSSVERAGLIGGVKLKAIP
SDGNFAMRASA,; database link: P20711; epitope: binds to an epi-
tope located within the peptide sequence MDWLGKMLEL (aa
119-128) as previously determined by the manufacturer using
overlapping synthetic peptides; and dilution: 1:100 in PBS; Abcam,
Cambridge, UK). Detection of tyrosine hydroxylase required the use
of secondary and tertiary antibodies. The secondary antibody was
a goat anti-chicken IgY (catalog code: ab150169; dilution 1:500 in
PBS, Abcam, Cambridge, UK). The tertiary antibody was a rabbit
anti-goat 1gG (catalog code: AP106P, dilution 1:250 in PBS, Sigma/
Merck, Germany). The slides were incubated for 1 hour at room
temperature with the secondary antibody, followed by 1 hour in-
cubation with the tertiary antibody. The detection system was the
NovoLink™ Max Polymer Detection System (catalog code RE7280-k,
Leica Biosystems, UK), following the protocol described by the man-
ufacturer. Thereafter, 3,3 diaminobenzidine (DAB) was used as
chromogen. Finally, the slides were dehydrated, counterstained with
Harris” hematoxylin and cover slipped in Entellan (Sigma/Merck).
Negative controls consisted of the omission of the primary anti-
body and incubation with the primary antibody diluents (as well as
with the secondary/tertiary antibodies, where applicable, and the
detection system) and were performed in all immunohistochemis-
try assays (one negative control per section) to identify any back-
ground staining. All solutions (including primary, secondary, and
tertiary antibody stocks) were prepared for a single use on the same
day of the immunohistochemistry assay, and kept at 4°C until use.
All slides were examined and photomicrographed using a trinocu-
lar Eclipse 50i microscope (Nikon) coupled to a 10MP CMOS digital
camera (AmScope, EUA). Positivity was assessed by an experienced
MD, PhD pathologist (AAS), who was blind to the presence/absence
of the primary antibody on the sample under examination (the ob-
server did not know whether a test sample or an omission control
was being assessed). Blinding was achieved by covering the slide la-
bels with a removable occluding sticker.

For FISH analysis, sections from 5 randomly selected from the
8 human umbilical cords used for immunohistochemistry were
deparaffinized with xylene and rehydrated in graded alcohols for
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5 minutes each. Then, they were incubated in a 0.2 N HCl solu-
tion for 20 minutes, and subsequently treated with a citrate pH
6.0 buffer (ZytoVision kit, catalog code Z-2028-20, Germany) at
80°C for 1 hour. After this, they were incubated with pepsin for
8 minutes at room temperature. The slides were washed with
2XSSC (ZytoVision kit, catalog code Z-2028-20, Germany), dehy-
drated in a sequence of ethanols (75%, 80%, and 100% ethanol
for 2 minutes each), and then air dried. The slides were incubated
with 100uL of the TH mRNA probe (at a concentration of 100 uM,
in RNAse-free water) for 10 minutes at 75°C and overnight in a
Dako Hybridizer (Dako, Denmark) at 37°C. The TH mRNA probe
sequence was as follows: 5'- AACCGCGGGGACATGATGGCCT-3'
(RNA Tm = 77.8°C) (catalog code: VC00021, Sigma/Merck,
Germany). The probe was labeled with fluorescein 6-FAM in the
5’ region. The next day, the slides were placed in a UREA/0,1Xssc
solution at 45°C for 30 minutes, and then, they were washed
with a 2xSSC solution for 2 minutes. After this, the slides were
dehydrated in 75%, 85%, and 100% ethanols for 2 minutes each,
and air dried. Finally, the slides were mounted with 15 pL of a
DAPI containing mounting medium (from the ZytoVision kit) and
cover slipped (the cover slip being sealed with a Fixogum Rubber
Cement, from Marabu, Germany). Negative controls consisted of
the omission of the probe and were performed in all FISH assays
(one negative control per section) to control for any significant
autofluorescence. All FISH slides were examined and photomi-
crographed using a trinocular DM4000 B LED microscope (Leica
Microsystems, Wetzlar, Germany) coupled to a 1.4 MP DFC 310
FX camera (Leica, Switzerland).

2.5 | Pharmacological experiments

This study was carried out on human umbilical cord specimens ob-
tained from 47 different placentae/patients. The Wharton's jelly
was removed and the umbilical arteries (HUA) and the umbilical
vein (HUV) were dissected. Vessels rings (3 mm) were suspended
vertically between two metal hooks in 10 mL organ baths contain-
ing Krebs-Henseleit's, gassed with a mixture of 95%0,:5% CO, (pH
7.4) at 37°C, and coupled to isometric transducer. The initial smooth
muscle tension was set at 10 mN.° Tensioning force was recorded
using a PowerLab 400 data acquisition system (Software Chart, ver-
sion 7.0; ADInstruments, Colorado Springs, CO, USA).

Following a 90-min stabilization period, the rings were precon-
tracted with 5-HT (1 pM), and the integrity of the endothelium in
both HUA and HUV was evaluated by the addition of ATP to cause
relaxation (10 uM).2° Cumulative concentration-response curves to
dopamine (10 nM to 3 mM) were performed in endothelium-intact
HUA and HUV rings in the absence and in the presence of the NO
synthesis inhibitor L-NAME (100 uM; for 60 minutes). The effect of
D1-like receptor antagonist SCH-23390 (10 uM; for 30 minutes) and
the D2-like receptor antagonist haloperidol (10 uM; for 30 minutes)
in dopamine-induced contractions was investigated in endotheli-
um-intact vessels treated with L-NAME.

The HUA and HUV rings were submitted to EFS at 60V for
30 seconds, at 8-16 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). Electrical field simulations were performed
in the presence and absence of L-NAME, and in the presence and
absence of the dopamine D1-like receptor antagonist SCH-233%90
(10 pM; for 30 minutes), of the dopamine D2-like receptor antagonist
haloperidol (10 pM; for 30 minutes), of the adrenergic alpha-1 recep-
tor antagonist prazosin (100 uM; for 30 minutes), and of the adren-
ergic alpha-2 receptor antagonist idazoxan (100 uM; for 30 minutes).
The effect of the antagonists was evaluated always in the presence
of L-NAME (100 pM).

2.6 | Data analysis

Data are expressed as mean + (SEM) of the number of experiments
(n = or>5). Paired Student's t test was used and a P-value < .05 was
considered as significant. In the pharmacological experiments, the
number of experiments is expressed as x/y, where x represents
the number of umbilical vessels and y the number of rings em-
ployed in the experiment. For Emax analysis and pEC50, unpaired
Student's t test was used and a P-value of < .05 was considered as
significant.

Nonlinear regression analysis to determine the pEC,, was car-
ried out using GraphPad Prism (GraphPad Software, version 6.0, San
Diego, CA, USA) with the constraint that ® = 0. All concentration-re-
sponse data were evaluated for a fit to a logistics function in the
form: E = Emax/([1 + (10°/10%)"] +®. The values of pEC, data rep-
resent the mean + SEM. Values of Emax were represented by mN.

3 | RESULTS

3.1 | Determination of amine concentrations by LC-
MS-MS

Dopamine, noradrenaline, and adrenaline calibration curves were
linear for concentrations of 0.1-10.0 ng/mL, with a correlation co-
efficient higher than 0.99. The limit of quantification was 0.1 ng/
mL. The method was fully validated, and the results reported else-
where.”> Only dopamine concentrations were above the limit of
quantification, and were only observed in endothelium-intact HUA
and HUV (Figure 1A and 1B).

3.2 | Umbilical cord vessels.
Immunohistochemistry and fluorescence in situ
hybridization (FISH) analysis

Tyrosine hydroxylase was detected by immunohistochemistry only
in endothelial cells, in all samples of both HUA (n = 8; Figure 2A)
and HUV (n = 8; Figure 2B). Negative controls were obtained by
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5 DISCUSSAO

Os vasos do cordao umbilical humano (HUCV) sdo capazes de contrair através
de estimulagdo de campo elétrico (EFS) que sdo moduladas pela presenga do
endotélio. Nossos resultados mostram claramente que HUCV apresenta uma
liberacao basal de dopamina liberada pelo endotélio. Também identificado por imuno-
histoquimica que a enzima responsavel pela conversao da tirosina em L-dihidroxi-
fenilalanina (L-DOPA) tirosina hidroxilase (76) e a enzima pela converséo de L-DOPA
em dopamina dopa-descarboxilase (77), estdo presente nas células endoteliais dos
HUCV. O RNA mensageiro da tirosina hidroxilase foi identificado por hibridizagao in
situ de fluorescéncia em no endotélio de ambos os vasos do cordao umbilical.

De fato, o endotélio desempenha um papel importante na liberagcdo de
dopamina a auséncia de tecido neuronal nos vasos de HUC indicado pela auséncia
do marcado calretinina nesses locais sustenta a hipétese que a dopamina e liberada
de tecidos nao neuronais no HUCV e sim pelos préprios vasos.

A dopamina (DA) possui o seu proprio sitio de receptores seletivos,
pertencendo a familia de receptores acoplados a proteina G, foram descritos cincos
receptores de DA (DRs) sendo duas grandes familias: os subtipos D1-Like (D1R e D5R),
acoplados a Gs, atua ativando a adenil ciclase (25), e os D2.ike (D2R, D3R e D4R),
atua inibindo a adenil ciclase(26). Os receptores dopaminérgicos no leito vascular
foram identificados por ligag&o radioligante-receptor e técnicas autorradiograficas. Os
receptores de dopamina-1 (D1; (78)foram identificados em HUA e dopamina-2 (D1)
foram identificados em musculatura lisa das artérias cerebrais, mesentéricas e renais
de ratos(25) também foi identificado por imuno-histoquimica identificou os subtipos
D2 e D4 no leito vascular cerebral e mesentérico e os receptores D2 e D3 na
vasculatura renal, com o subtipo D5 residindo predominantemente como receptor de
musculo liso nos leitos vasculares de ratos.

A inibicdo causada pelo antagonista de receptores DoLike Haloperidol nas
contracdes induzidas por EFS em HUCVs mostra a importante valor do endotélio na
liberacdo de dopamina na modulagdo da contragdo no leito vascular do cordao

umbilical.
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O antagonista as-adrenorecptor prazosin (75) e o antagonista a»-adrenorecptor
idazoxan (76) nao tiveram agao nas contragdes induzidas por EFS em HUA e HUV.
Confirmando que a dopamina e o mediador principal liberado pelo endotélio
responsavel pelo fendbmeno. A inibigdo causada pela fentolamina em concentragdes
maiores possivelmente esta relacionada ao fato que a fentolamina atua em receptores
dopaminérgicos do tipo Daiike N0 qual foi demostrado que (> 2 uM) desloca a ligagao
do 3H-haloperidol aos receptores de dopamina nas membranas do cérebro de
bezerros (77).

Para finalizar vem a seguinte pergunta qual é o papel fisiolégico da dopamina
endotelial liberados dos vasos do cordao umbilical? Sabemos que embora o papel do
débito cardiaco seja definido pelo resultado da frequéncia cardiaca pelo volume
sistolico (78) e que se sabe que a fungédo de bombeamento do coragao tem papel
permissivo na determinagcdo do débito cardiaco. Em estudos demostram que
individuos que passaram por foram estimulados eletricamente ndo foram afetados a
amplitude da frequéncia cardia (79). As caracteristicas da circulagao periférica, como
capacitancia e condutancia/resisténcia, desempenham um papel importante na
determinacdo do débito cardiaco. A maioria das dedug¢des no papel da modulagao
simpatica da circulagdo foi obtida pelo uso de agonistas ou antagonistas
adrenérgicos, supondo-se que esses mediadores sejam provenientes de terminais
nervosos. A descoberta de que o tecido vascular humano tem liberagcao basal de
dopamina deve mudar esse paradigma.
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6 CONCLUSAO

O presente estudo demonstra, pela primeira vez, uma liberacdo basal da

dopamina proveniente do corddo umbilical humano.

A presenga das enzimas tirosina-hidroxilase e dopa-descarboxilase foi
detectada no endotélio de HUA e HUV, conforme determinado por imuno-
histoquimica. Além disso, a dopamina induziu a contragdo de HUA apenas na
presenca de L-NAME aumentando fortemente a contragdo induzida pela dopamina
de HUA e HUV.

As contragdées de HUA e HUV induzidas por EFS foram aumentadas por L-

NAME e inibidas pelo haloperidol, antagonista do receptor semelhante a D2.

Os antagonistas a-adrenérgicos prazosin e idazoxan e o antagonista do
receptor D1.ike SCH - 23390 néo tiveram efeito nas contracdes induzidas por EFS de
HUA e HUV. A dopamina derivada do endotélio € o principal modulador da reatividade
do HUCV in vitro.
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7 ANEXOS e APENDICES

Anexo 1

Artigo 3 — Endothelium modulates electrical field stimulation-induced contractions of
Chelonoidis carbonaria aortic rings

Autores: Campos R, Jacintho FF, Britto-Junior J, Ménica FZ, Justo AFO, Pupo AS,
Moreno RA, de Souza VB, Schenka AA, Antunes E, De Nucci G.

Revista: Comparative Biochemistry and Physiology Part C: Toxicology &
Pharmacology

Situacao: Aceito a publicacido em 08 de marco de 2020. Publicado on-line em 04 de
abril de 2020
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Anexo 2

Artigo 4 — Determination of dopamine, noradrenaline, and adrenaline in Krebs-
Henseleit solution by liquid chromatography coupled with tandem mass spectrometry
and measurement of their basal release from Chelonoidis carbonaria aortae in vitro

Autores: Britto-Junior J, Antunes NJ, Campos R, Sucupira M, Mendes GD, Fernandes
F, Moraes MO, Moraes MEA, De Nucci G.
Revista: Biomedical Chromatography

Situacdo: Aceito a publicagdo em 22 de abril de 2020. Publicado on-line em 14 de
agosto de 2020
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Anexo 3

Artigo 5 — The basal release of endothelium-derived catecholamines regulates the
contractions of Chelonoidis carbonaria aorta caused by electrical-field stimulation

Autores: Britto-Junior J, Fernandes Jacintho F, Campos R, Pinheiro DHA, Figueiredo
Murari GM, de Souza VB, Schenka AA, Monica FZ, Moreno RA, Antunes
E, De Nucci G.

Revista: Biology Open

Situacao: Aceito a publicagdo em 17 de novembro de 2020. Publicado on-line em 20
de janeiro de 2021
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Anexo 4

Artigo 6 — 6-Nitrodopamine is released by human umbilical cord vessels and
modulates vascular reactivity

Autores: Britto-dunior J, Coelho-Silva WC, Murari GF, Serpellone Nash CE, Mdnica
FZ, Antunes E, De Nucci G.

Revista: Life Sciences

Situacao: Aceito a publicacdo em 16 de fevereiro de 2021. Publicado on-line em 10
de margo de 2021
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Anexo 5

Artigo 7 — Quantification of 6-nitrodopamine in Krebs-Henseleit's solution by LC-
MS/MS for the assessment of its basal release from Chelonoidis carbonaria aortae in
vitro.

Autores: Campos R, Pinheiro DHA, Britto-Junior J, Castro HA, Mendes GD, Moraes
MO, Moraes MEA, Lopes-Martins RAB, Antunes NJ, De Nucci G.

Revista: Journal of Chromatography B

Situacao: Aceito a publicacdo em 24 de setembro de 2020. Publicado on-line em 22
de margo de 2021
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Table 1

Precision and accuracy data from 6-nitrod ine in Krebs-Henseleits solution.
Parameter 6-Nitrodopamine (ng/mL)

LLoQ(0.1) QC(0.3) QC(L5) QC((9 QCAH)

Intra-batch
Mean (n = 7) 0.104 0.3 1.4 8.8 14.6
Precision (% CV) 12.7 5.8 4.8 2.4 4.3
Accuracy (%) 103.7 94.3 94.7 97.5 97.2
Inter-batch
Mean (n = 21) 0.104 0.3 1.4 8.9 14.8
Precision (% CV) 149 6.3 4.4 2.6 4.2
Accuracy (%) 103.6 93.2 93.8 98.5 98.3

CV % = [(SD/M) x 100]; Accuracy % = (E — T) x 100; CV, coefficient of
variation; M, mean; SD, standard deviation of M; E, experimentally determined
concentration; T, theoretical concentration; LLoQ, lower limit of quantification;
QC, quality control.

Table 2

Matrix effect for 6-nitrodop in Krebs-Henseleits solution.
6-Nitrodopamine MFN CV (%)
0.3 ng/mL (n = 5) 1.08 9
15 ng/mL (n = 5) 1.04 13.3

MFN = matrix factor normalized by internal standard [(response of the analyte
in matrix/internal standard response matrix)/(response of the analyte in the
absence of matrix /response of the internal standard in the absence of matrix)];
CV %= coefficient of variation [(standard deviation MFN/mean MFN) x 100].

3.2.6. Stability

6-Nitrodopamine was stable in Krebs-Henseleits solution after 6 h at
room temperature, 3 freeze-thaw cycles, and after 53 h in the auto-
injector at 8 °C (Table 3).

3.3. Method application

The developed and validated method was applied to the measure-
ment of basal release of 6-nitrodopamine from Chelonoidis carbonaria
aortae in vitro. Table 4 shows the concentrations of 6-nitrodopamine
detected in aortic rings (15 mm) of 6 animals placed in Krebs-Hense-
leit’s solution (5 mL) for 30 min, and the comparison between the
amount released from endothelium-intact and endothelium-denuded
aortae. The amounts were not corrected by either weight or length of
the vessel. The removal of endothelium decreased the release of 6-nitro-
dopamine from aortae indicating that tortoise’s aortae display a basal
endothelium-derived 6-nitrodopamine release. This is the first evidence
of release of 6-nitrodopamine from a biological tissue. 6-Nitrodopamine
was previously extracted in rat brain by detecting a chemiluminescence
reaction of peroxyoxalate-high performance liquid chromatography
(POCL), but as reproducibility (<10%) was not reliable, it was not
quantified [13].

4. Conclusion

The method developed and validated for quantification of 6-nitro-
dopamine by LC-MS/MS in Krebs-Henseleit solution was sensitive,
precise and accurate enough for its application in the measurement of
basal release from Chelonoidis carbonaria aortae in vitro. Tortoise’s aortae
display a basal endothelium-derived 6-nitrodopamine release.
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Table 3
Summary stability data of 6-nitrodopamine in Krebs-} liefs solution using
LC-MS/MS.
Stability Mean (ng/mL) CV (%) Accuracy (%)
Freshly prepared
0.3 ng/mL 0.3 9.9 100
15 ng/mL 14.7 4.6 98
Short term (6 h)
0.3 ng/mL 0.298 58 99.3
15 ng/mL 149 0.9 99.3
Freeze/thaw (3 cycles)
0.3 ng/mL 0.31 8.9 103.3
15 ng/mL 14.7 3.6 98
Post-processing (53 h at 8 °C)
0.3 ng/mL 0.3 6.9 100.3
15 ng/mL 15 31 100

CV % = coefficient of variation [(SD/mean) x 100]; Accuracy % = [(E/T) x
100]; E, experimentally determined concentration; T, theoretical concentration;
QC, quality control.

Table 4
Concentration of 6-nitrodopamine in Krebs-Henseliets solution samples after
incubation of Chelonoidis carbonaria aortic rings.

Sample number 6-Nitrodopamine (ng/mL)
E* E
1 0.25 0.15
2 0.7 0.3
3 0.36 0.08
4 0.41 0.34
5 0.55 0.1
6 0.38 0.1
Mean 0.44 0.18
Standard error of the mean 0.06 0.05
p-value 0.0076

E*, Aortae endothelium-intact rings; E’, Aortae endothelium-denuded rings.
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Anexo 6

Artigo 8 — 6-Nitrodopamine is an endogenous mediator of rat isolated epididymal vas
deferens contractions induced by electric-field stimulation.
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Anexo 7

Artigo 9 — Alpha1-adrenergic antagonists block 6-nitrodopamine contractions on the
rat isolated epididymal vas deferens.

Autores: Britto-Junior J, Ribeiro A, Ximenes L, Lima AT, Jacintho FF, Fregonesi A,
Moénica FZ, Antunes E, De Nucci G
Revista: European Journal of Pharmacology
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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 o;-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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Anexo 8

Artigo 10 — B1 and B1/2 -adrenergic receptor antagonist block 6-nitrodopamine-
induced contractions of the rat isolated epididymal vas deferens

Autores: Britto-Junior J, Ribeiro A, Ximenes L, Lima AT, Jacintho FF, Fregonesi A,
Moénica FZ, Antunes E, De Nucci G
Revista: Naunyn Schmiedebergs Arch Pharmacol.
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selective P2-adrenoceptor agonist salbutamol
(0.001-300 uM), and selective p3-adrenoceptor agonist
mirabegron (0.001-300 uM) were performed in RIEVD
strips obtained from control animals.

Electric-field stimulation (EFS) in RIEVD
preparations

The EFS-induced contractions from RIEVD were evaluated in
control and L-NAME-treated rats. Briefly, RIEVD strips were
submitted to EFS (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 contractions were evaluated
in the absence and the presence of atenolol (0.1 and 1 pM,
30 min), betaxolol (0.1 and 1 uM, 30 min), metoprolol (0.1 and
1 pM, 30 min), propranolol (1 and 10 uM, 30 min), pindolol
(1 and 10 pM, 30 min), or tetrodotoxin (1 uM). In L-NAME-
treated rats, EFS-induced contractions were evaluated in the
absence and in the presence atenolol (1 pM, 30 min), betaxo-
lol (1 uM, 30 min), metoprolol (1 uM, 30 min), propranolol
(10 pM, 30 min), or pindolol (10 pM, 30 min).

Drugs and solutions

Atenolol, dopamine, metoprolol, mirabegron,
N®-nitro-L-arginine methyl ester hydrochloride (L-NAME),
salbutamol, and propranolol were obtained from Sigma-
Aldrich Chemicals Co. (St Louis, MO, USA). Adrenaline,
betaxolol, noradrenaline, pindolol, and tetrodotoxin were
purchased from Cayman Chemical Co (MI, USA). 6-Nitro-
dopamine was bought from Toronto Research Chemicals Inc
(Toronto, Ontario, Canada). RO-363 was provided by Med-
Chem Express (NJ, USA). Sodium chloride (NaCl), potas-
sium chloride (KCl), calcium chloride (CaCl,), magnesium
sulfate (MgSO,), sodium bicarbonate (NaHCO3), potassium
phosphate monobasic (KH,PO,), and glucose were acquired
from Merck KGaA (Darmstadt, Germany). The composi-
tion of the KHS was in mM: NaCl 118, KC14.7, CaCl, 2.5,
MgSO, 1.2, NaHCO; 25, KH,PO, 1.2, and dextrose 5.6.

Data analysis

Nonlinear regression analysis to determine the pECs, was
carried out using GraphPad Prism (GraphPad Software, ver-
sion 9.0, San Diego, CA, USA) with the constraint that F=0.
All concentration-response data were evaluated for a fitto a
logistics function in the form: E=E,,, /([1+ (10¢/10x)"] +F,
where E represents the increase in response contractile
induced by the agonist; E,,, is the effect agonist maximum;
¢ is the logarithm of concentration of the agonist that pro-
duces 50% of E,,,,; 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 pECj, data represent standard deviation (SD) of
n experiments. Values of E,,, were expressed in mN. Each
animal provided two epididymal vas deferens (right and
left); one strip was used as the control response and the con-
tralateral strip was incubated with an antagonist/inhibitor;
n indicates both the number of paired strips (same animal)
and the number of rats. Student’s two-tail unpaired #-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. A
p value of less than 0.05 was considered statistically sig-
nificant. Since the study has an exploratory character, the
p values should be considered descriptive (Motulsky 2014;
Michel et al. 2020). For 6-ND, the pA, values of the antago-
nists were calculated from the intercept on the concentration
axis and by application of the equation: pA, =log (antagonist
concentration) — log (CR-1) —log (antagonist concentration)
(Arunlakshana and Schild 1959).

Results

Effect of atenolol on RIEVD contractions induced
by catecholamines and EFS

Atenolol (0.1 and 1 uM) produced concentration-dependent
rightward shifts on the concentration-response curves to
6-ND (Fig. 1A; p=0.0284 and p=0.0068, respectively)
with a pA, value of 6.51 +0.54 (n=4). Atenolol (1 uM) had
no effect on the RIEVD contractions induced by dopamine
(Fig. 1B; p=0.4540), noradrenaline (Fig. 1C; p=0.4234),
and adrenaline (Fig. 1D; p=0.4570).

Atenolol (0.1 uM) had no effect on the EFS-induced con-
tractions of RIEVD (Fig. 1F), but at a higher concentration
(1 uM), atenolol caused significant reductions on the EFS-
induced contractions of the RIEVD in all frequencies tested
(Fig. 1F), which was not observed in RIEVD obtained from
animals chronically treated with L-NAME (Fig. 1G).

Effect of betaxolol on RIEVD contractions induced
by catecholamines and EFS

Betaxolol at 0.1 uM had no effect on 6-ND-induced RIEVD
contractions, but at 1 pM it caused a significant rightward
shift on the concentration-response curve to 6-ND (Fig. 2A;
p=0.0046) with a pA, value of 6.91+0.03 (n=4). Betaxo-
lol (1 uM) had no effect on the RIEVD contractions induced
by dopamine (Fig. 2B; p=0.4608), noradrenaline (Fig. 2C;
p=0.2830), and adrenaline (Fig. 2D; p=0.1571).
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agonist salbutamol and the selective f;-adrenergic agonist
mirabegron, indicating that the contractile activity induced
by 6-ND is independent of B-adrenergic receptor activation.
6-ND has been considered the endogenous mediator of EFS-
induced contractions in the rat vas deferens (Britto-Jtnior
et al. 2021b), and these results further support the concept
that 6-ND is acting on a specific 6-ND receptor.

In the rat vas deferens, the adrenergic axons are clearly
identified within smooth muscle cells, and some are com-
pletely ensheathed in the smooth muscle cells (Furness and
Iwayama 1971). Thus, the high concentrations of p-blockers
required to inhibit EFS-induced contractions could reflect
restricted access to the B-adrenergic receptors located in
deeper layers of smooth muscle cells. However, this anatom-
ical hypothesis is unlikely since EFS-induced contractions
are inhibited by much lower concentrations of a-adrenergic
antagonists (Britto-Jinior et al. 2022).

Although ejaculatory disorders have been reported with
the use of selective and unselective B-blockers, the inci-
dence is rather low (reported cases) when compared to ;-
adrenergic receptor antagonists (4—11%; Hofner et al. 1999).
This major difference in incidence (Djavan et al. 2004) could
be easily attributed to the observed major potency (over 100
times) of «,-blockers (the pA, values are 9.66, 9.15, 8.86,
7.70, 7.20, and 8.82 for tamsulosin, doxazosin, alfuzosin,
silodosin, terazosin, and prazosin; Britto-Jinior et al 2022)
in blocking 6-ND contractile activity compared to the
B-blockers (6.41, 6.91, 6.75, 6.47, and 5.74; for atenolol,
betaxolol, metoprolol, propranolol, and pindolol, respec-
tively; this manuscript), further supporting a major role of
6-ND in the ejaculatory process. Although B;-, p,-, and B5-
adrenergic receptor agonists per se did not induce contrac-
tions in the rat vas deferens, these findings do not exclude
a potential modulatory role on vas deferens contractility.
The finding that the sodium channel antagonist tetrodotoxin
(Narahashi et al. 1967; Lee and Ruben 2008) abolished EFS-
induced contractions in the RIEVD (Belevych et al. 1999)
does not necessarily indicate that 6-ND is coming from the
nerve terminals. Although 6-nitronoradrenaline has been
extracted from rat brain (Shintani et al. 1996), it is also pos-
sible that some neurotransmitter induces 6-ND release from
other cells.

The results here reported extend the findings that tri-
cyclic antidepressants (Britto-Jdnior et al. 2021b) and o;-
adrenergic antagonists (Britto-Jdnior et al. 2022) inhibited
EFS-induced contractions only at the concentrations that
inhibited 6-ND-induced contractions and that these drugs
had no effect in the EFS-induced contractions of RIEVD
obtained from L-NAME chronically treated animals. 6-ND
does not act on adrenergic receptors, as demonstrated in
human umbilical cord vessels (Britto-Jinior et al. 2021a).
All these pieces of evidence support the concept that 6-ND
is acting on a specific receptor. Purification and sequencing

@ Springer

of the 6-ND receptor, the identification of the metabolic
pathways involved in the 6-ND synthesis and the mecha-
nisms responsible for 6-ND storage and release should fur-
ther clarify its physiological role in the ejaculatory process.

Conclusion

The inhibitory effect of B;- and f,/p,-adrenergic receptor
antagonists on the RIEVD contractions induced by both the
EFS and 6-ND is due to blockade of the 6-ND receptor.

Author contribution Conceptualization: JBJ, GDN.

Data curation: JBJ, GDN.

Formal analysis: GDN.

Funding acquisition: EA, GDN.

Investigation: ATL, ACA, JBJ, RRC, GDN.

Methodology: ATL, ACA, JBJ, RRC, AF, EA, FZM, GDN.

Project administration: GDN.

Supervision: FZM, EA.

Visualization: AF, EA, GDN.

Writing—original draft: JBJ, AF, EA, GDN.

The authors declare that all data were generated in-house and that
no paper mill was used.

Funding ATL thanks FAPESP for PhD fellowship (2021/13593-6).

ACA thanks CAPES for master’s fellowship (001).

JBJ thanks CAPES for PhD fellowship (001).

RRC thanks FAPESP for scientific initiation fellowship
(2021/14120-4).

EA and FM thank FAPESP (2017/15175-1).

GDN thanks FAPESP (2019/16805-4) and CNPq
(303,839/2019-8).

Data availability The authors authorize the availability of any data
used in this study.

Declarations

Ethics approval All experimental protocols were authorized by the
Ethics Committee in Animal Use of UNICAMP (CEUA/UNICAMP,
protocol numbers 5952-1/2022 and 5831-1/2021).

Consent to participate Not applicable.
Consent for publication The authors authorize the submission and
publication of this article in Naunyn—Schmiedeberg’s Archives of

Pharmacology.

Competing interests The authors declare no competing interests.

References

Ahlenius S, Larsson K (1991) Opposite effects of 5-methoxy-N, N-di-
methyl-tryptamine and 5-hydroxytryptophan on male rat sexual
behavior. Pharmacol Biochem Behav 38(1):201-205. https://doi.
org/10.1016/0091-3057(91)90611-5

145




146




Naunyn-Schmiedeberg's Archives of Pharmacology

K, MacCallum CJ, Macleod M, Pearl EJ, Petersen OH, Rawle
F, Reynolds P, Rooney K, Sena ES, Silberberg SD, Steckler
T, Wiirbel H (2020) Reporting animal research: explanation
and elaboration for the ARRIVE guidelines 2.0. PLoS Biol
14;18(7):e3000411. https://doi.org/10.1371/journal.pbio.3000411

Ramsay JW, Scott GI, Whitfield HN (1988) A double-blind controlled
trial of a new alpha-1 blocking drug in the treatment of bladder
outflow obstruction. Br J Urol 57(6):657-659. https://doi.org/10.
1111/.1464-410x.1985.tb07026.x

Ribeiro MO, Antunes E, de Nucci G, Lovisolo SM, Zatz R (1992)
Chronic inhibition of nitric oxide synthesis. A new model of arte-
rial hypertension. Hypertension 20(3):298-303. https://doi.org/10.
1161/01.hyp.20.3.298

Safarinejad MR (2008) Once-daily high-dose pindolol for paroxetine-
refractory premature ejaculation: a double-blind, placebo-con-
trolled and randomized study. J Clin Psychopharmacol 28(1):39—
44. https://doi.org/10.1097/jcp.0b013e31816073a5

Sanchez C, Hyttel J (1999) Comparison of the effects of antidepres-
sants and their metabolites on reuptake of biogenic amines and

@ Springer

on receptor binding. Cell Mol Neurobiol 19(4):467-489. https:/
doi.org/10.1023/a:1006986824213

Shintani F, Kinoshita T, Kanba S, Ishikawa T, Suzuki E, Sasakawa N,
Kato R, Asai M, Nakaki T (1996) Bioactive 6-nitronorepinephrine
identified in mammalian brain. J Biol Chem 271(23):13561—
13565. https://doi.org/10.1074/jbc.271.23.13561

Srilatha B, Adaikan PG, Arulkumaran S, Ng SC (1999) Sexual dys-
function related to antihypertensive agents: results from the ani-
mal model. Int J Impot Res 11(2):107-113. https://doi.org/10.
1038/sj.1jir.3900393

Vohra MM (1979) Evidence for the presence of beta 2-inhibitory
adrenoceptors in the rat vas deferens. Gen Pharmacol 10(3):221—
225. https://doi.org/10.1016/0306-3623(79)90093-4

Wilt TJ, MacDonald R (2006) Doxazosin in the treatment of benign
prostatic hypertrophy: an update. Clin Interv Aging 1(4):389—401.
https://doi.org/10.2147/ciia.2006.1.4.389

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

147




148

Anexo 9

Artigo 11 — 6-Nitrodopamine is an endogenous selective dopamine receptor
antagonist in Chelonoidis carbonaria aorta.

Autores: Britto-Junior J, Campos R, Peixoto M, Lima AT, Jacintho FF, Mdnica FZ,
Moreno RA, Antunes E, De Nucci G.
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Fig. 6. In U-46619 pre-contracted (30 nM) Chelonoidis carbonaria aortic rings 6-ND (panel A) and Haloperidol (panel B) caused concentration-dependent relaxation
of Chelonoidis carbonaria aortic rings, which were abolished by mechanical removal of the endothelium. L-NAME failed to affect the 6-ND (panel C) and haloperidol

(panel D)-induced relaxation. Data are expressed as mean + S.E.M.

Electrical-field stimulation contracts Chelonoidis carbonaria aortic
rings, which were sensitive to the dual a1 and a2 adrenergic receptor
antagonist phentolamine, but not to the selective o; receptor antagonist
prazosin or the selective az receptor antagonist idazoxan, suggesting
that phentolamine was possibly acting on dopaminergic receptors
(Campos et al., 2020). The finding that 6-ND inhibited EFS-induced
contractions confirms that endothelium-derived dopamine acting on
Dy-like receptors is the major modulator of Chelonoidis carbonaria aortic
ring contractility following electrical stimulation.

The contractions of Chelonoidis carbonaria aortic rings induced by
noradrenaline were inhibited by prazosin, indicating that this tissue
expresses functional al-adrenergic receptors. The pA; value obtained
for al-adrenergic antagonist prazosin in noradrenaline-induced con-
tractions of Chelonoidis carbonaria aortic rings (8.60 + 0.39) was in the
same range as those reported for rabbit thoracic aorta (8.82 =+ 0.03), rat
(9.89 + 0.03) and guinea-pig aorta (8.45 + 0.17; Muramatsu et al.,
1990) (Scivoletto et al., 1976). The contractions induced by adrenaline
in Chelonoidis carbonaria aortic rings were also due to activation of o;-
adrenergic receptors since they are blocked by prazosin. Vascular
smooth muscle expresses both a;- and «,-post-synaptic adrenergic re-
ceptors, capable of causing vasoconstriction (Timmermans and Van
Zwieten, 1981). Although adrenaline can act as an post-synaptic oy-
adrenergic receptor agonist (Brown and Werman, 1990), the contrac-
tions induced by adrenaline in human umbilical veins were affected
neither by the p,p2-blocker propranolol (McNeill, 1964) nor by the ay
blocker rauwolscine (Kohli and De, 1956), but were inhibited by pra-
zosin, revealing the presence of prazosin-sensitive functional «; (but not
B1, P2 or ) adrenoceptors (Errasti et al., 1999). Adrenaline-induced
vasoconstriction of human internal mammary artery strips is also due
to activation of prazosin-sensitive functional «;-adrenergic receptors
(Bevilacqua et al., 1991).

The contractions induced by dopamine in vas deferens can also be
explained by activation of functional «;-adrenergic receptors, since they
are also inhibited by prazosin. In the rat vas deferens, the pA; values for
prazosin against noradrenaline and dopamine were 9.09 + 0.12 and
8.79 + 0.27, respectively (Miranda et al., 1990). Since 6-ND does not

present contractile activity in Chelonoidis carbonaria aortic rings, our
results clearly demonstrate that it does not act on a; adrenergic re-
ceptors, as observed in human umbilical cord vessels (Britto-Jiinior
et al., 2021a).

The finding that 6-ND causes NO-independent relaxation in U-46619
pre-contracted aortic rings reinforces the modulatory role of dopamine
in vascular reactivity. Dopamine acts on selective G-protein coupled
receptors, which comprise the D;-like (D;R and DsR) subfamily, that
activates adenylate cyclase, and the Dy-like (D2R, D3R and D4R) sub-
family, which inhibits adenylate cyclase (Missale et al., 1998). They
have been identified in both vascular smooth muscle (Amenta et al.,
1990) and endothelium (Amenta, 1997). Since dopamine also contracts
endothelium-denuded Chelonoidis carbonaria aortic rings, it is likely that
6-ND acts by blocking Dy-like receptors in the vascular smooth muscle.
The use of specific agonists/antagonists coupled to immunohistochem-
ical detection should clarify which subtypes of dopamine receptors are
present in the Chelonoidis carbonaria aorta.

What is the possible physiological relevance of 6-ND in Chelonoidis
carbonaria circulatory system? The findings that both dopamine (Britto-
Junior et al., 2021c¢) and 6-ND are released by the endothelium, and the
release of 6-ND is coupled to NO synthesis, indicate that vascular tonus
can be influenced by a dynamic equilibrium between the vascular con-
tractile activity of dopamine and the vasodilator action of 6-ND. Indeed,
Chelonoidis carbonaria aortic rings do not present autonomic innerva-
tion, as demonstrated by the lack of immunoreactivity to S-100 (Campos
et al., 2020). Although the aorta is considered a conduit vessel (Eelen
et al., 2020), and therefore not responsible for vascular resistance
(Kannenkeril et al., 2018), morphological evidence of autonomic
innervation such as sympathetic nerve terminals in the microcirculation
is very difficult to find, suggesting that endothelium-dependent cate-
cholamine release could be the major mechanism for controlling local
blood flow.

5. Conclusion

6-ND is a novel catecholamine that is released by Chelonoidis

154




155




156

Anexo 10

Artigo 12 — 6-nitrodopamine is a major endogenous modulator of human vas deferens
contractility.

Autores: Britto-dunior J, da Silva-Filho WP, Amorim AC, Campos R, Moraes MO,
Moraes MEA, Fregonesi A, Monica FZ, Antunes E, De Nucci G
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FIGURE 6 Electric-field stimulation (EFS) caused
frequency-dependent contractions of the human epididymal vas
deferens (HEVD). The pretreatment with L-NAME (100 uM) caused a
significant reduction in the contractions induced by EFS in HEVD.

*p < 0.05. n means the number of the HEVD.

synthesis/release of 6-ND is coupled to NO synthesis. Pretreatment
of human umbilical cord vessels® and rat vas deferens® with L-NAME
is accompanied by decrease of 6-ND synthesis/release. Chronic treat-
ment of rats with L-NAME also decreases the 6-ND release by vas
deferens.® However, the effect of L-NAME pretreatment in the human
vas deferens has two distinct characteristics of the rat, namely, in the
rat vas deferens, although incubation with L-NAME decreased the
basal release of 6-ND, it did not affect the contractions induced by
EFS, an indication that 6-ND is probably stocked in vesicles in the ani-
mal species. Another interesting difference is that in contrast to the
rat vas deferens, inhibition of 6-ND in human vas deferens is accom-
panied by an equivalent increase of dopamine levels. This difference
cannot be attributed to species differences (man and rat), since the
inhibition of 6-ND synthesis/release by L-NAME in human cord ves-
sels was not accompanied by increase in dopamine levels. Thus, EFS in
human vas deferens must stimulate 6-ND synthesis. The finding that L-
NAME pretreatment does not abolish 6-ND synthesis/release could be
due to asynthetic pathway independent of NO synthase activation. For
instance, 6-ND and 6-hydroxydopamine can be formed by nitrite- and
peroxide-dependent oxidation pathways of dopamine.® Another possi-
bility is the existence of another enzymatic pathway for the synthesis
of 6-ND independent of NO synthase.

Tricyclicantidepressants increase both serotonin and noradrenaline
levels in the synaptic cleft?%22 due to inhibition of the reuptake of
these monoamines following the binding of the tricyclic antidepres-
sants to serotonin reuptake transporter (SERT)2% and norepinephrine
transporter (NET).24 Based on this proposed mechanism of action, it is
surprising that the use of tricyclic antidepressants is associated with
delayed ejaculation, since the increase in noradrenaline levels should
result in increased contractility of the vas deferens. Amitriptyline,
nortriptyline and imipramine bind to @qa-, a1g-, and a;p- adrenergic
receptors in HEK-293 cells expressing human a4 - receptor subtypes.?>
They also bind to a4-adrenergic native receptors in rat vas deferens;
however, they were much less potent in the competition for the specific

ANDROLOGY @ Xl Eyvaa

binding of [3H]-prazosin,2° indicating that this antagonism is unlikely to
overcome the increase of noradrenaline resulting from NET inhibition.
Amitriptyline (100 nM-10 M) inhibited neurogenic induced contrac-
tions in human vas deferens, although at 10 uM it also attenuated
the contractions elicited by KCI, indicating a nonspecific mechanism
at higher concentration.2¢ At 100 nM, we did not find inhibition by
amitriptyline of noradrenaline-induced contractions of the human vas
deferens, indicating that the inhibition of the neurogenic induced con-
tractions was not due to blockade of the a; -adrenergic receptorsin this
tissue.

As observed in the rat vas deferens® dopamine and 6-ND have
similar pECsp values in the human vas deferens (4.28 + 0.12 and
4.11 + 0.10 for dopamine and 6-ND, respectively). Yet, L-NAME pre-
treatment caused a significant inhibition of EFS-induced contractions,
although the inhibition of 6-ND synthesis/release was accompanied
by a similar increase in dopamine synthesis/release. Since 6-ND and
dopamine cause vas deferens contraction by acting in different recep-
tors, one possible explanation for this apparent paradox could be a
distinct location of these receptors. Purification and sequence of the
6-ND receptor should provide further information on the interactions
of this novel mediator with the classical catecholamines in human vas
deferens.

EFS causes NO release in human corpus cavernosum.?’ Since
NO promotes smooth muscle relaxation,?? the finding that L-NAME
inhibits EFS-induced HEVD contractions demonstrates that endoge-
nously produced 6-ND, and not NO, acts as a direct mediator of HEVD
contractility.

5 | CONCLUSION

The identification of 6-ND as a novel mediator of HEVD contractility
provides a new insight on the physiological process of the male ejac-
ulation and presents a promising therapeutic target for ejaculatory
disorders.
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Anexo 11

Artigo 13 — 6-NitroDopamine is an endogenous modulator of rat heart chronotropism.
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Fig. 8. Effect of tetrodotoxin on rat isolated right atrial rate. Tetrodotoxin (TTX; 1 mM, 30 min) caused significant reductions of atrial rate in both control (A) and L-
NAME (100 pM) pre-treated (30 min) atria (B). L-NAME (100 M, 30 min) caused a significant fall in atrial rate of TTX (1 pM) pre-treated atria (C). In TTX (1 pM) pre-
treated atria, atenolol (1 pM, D), betaxolol (1 pM, E) and metoprolol (1 uM, F) all caused significant reductions of the atrial rate. Atropine (100 nM, 30 min) increased
the atrial rate (H), which was blocked by TTX (1 pM) pretreatment (H). The increased atrial rate induced by 6-ND (1 pM) remained elevated in TTX-pre-treated (1

WM) preparations (I). *P < 0.05.

release indicates that the origin of the heart 6-ND is unlikely to be
neurogenic. This is confirmed by the finding that tetrodotoxin blocked
the nerve transmission in the heart, since TTX at the same concentration
(1 uM), prevented the increased heart rate induced by atropine. Thus, it
is likely that in the heart 6-ND comes from either the endocardium and/
or the myocardium. In this context, it is worth noting that intrinsic
cardiac adrenergic cells have been identified in the neonatal rat heart,
using immunofluorescent histochemical staining techniques with anti-
bodies that specifically recognize the major enzymes in the catechol-
amine biosynthetic pathway [23].

The findings that 6-ND is released from rat atria in vitro and that it
has a positive chronotropic effect one hundred times more potent than
noradrenaline and adrenaline do not demonstrate that 6-ND is an
endogenous mediator of heart chronotropism. However, the reduction
of 6-ND synthesis/release may be the mechanism by which acute
[3,24,25] and chronic [26] NO synthesis inhibition reduces the heart
rate. For instance, pre-treatment with the soluble guanylate cyclase in-
hibitor ODQ did not affect the atrial rate and did not prevent the fall in
atrial rate induced by L-NAME, indicating that the mechanism by which
L-NAME treatment causes fall of atrial rate is not due to the NO-sGC-
¢GMP pathway inhibition. This concept is further supported by the ev-
idence that ODQ administration to rats affected neither MABP nor heart
rate, although ex-vivo inhibition of sGC was confirmed [27]. It is
important to note that the fall in atrial rate induced by L-NAME is not
due to cholinergic stimulation, since it occurs in atropine treated atria.
Similar results were obtained in vivo, that is, in conscious rats pre-treated
with atropine, acute L-NAME administration causes a significant
reduction in heart rate [28].

Since 6-ND also causes potent relaxations of HUCV pre-contracted

with U-46619, which are insensitive to L-NAME pre-treatment, it is
also very likely that the increases in blood pressure caused by acute and
chronic NO inhibition are due to 6-ND inhibition. Indeed, in different
hypertension models such as spontaneously hypertensive rats [29], two-
kidney one-clip [30], one-kidney one-clip [31] and deoxycorticosterone
acetate salt [32], the heart rate was either increased or unaffected
whereas hypertension induced by acute or chronic L-NAME adminis-
tration was accompanied by a significant reduction in heart rate
[26,33].

Another evidence for the endogenous role of 6-ND as the major
mediator of heart chronotropism comes from the results obtained with
the B1-AR selective antagonists atenolol, betaxolol and metoprolol. The
fall in atrial rate induced by these compounds was observed at con-
centrations that selectively block the increase in atrial rate induced by 6-
ND but did not affect the increase in atrial rate induced by noradrena-
line, adrenaline and dopamine. In addition, the reductions in atrial rate
induced by the B;-AR selective antagonists were neither observed in
atrial pre-treated with L-NAME nor in atria obtained from animals
chronically treated with L-NAME, implying that receptor blockade of 6-
ND is the main mechanism of action of this class of compounds. The
finding that the effects of p;-AR antagonists in the heart are due to the
blockade of 6-ND action offers an interesting explanation for some
clinical observations in heart and heart-lung transplanted patients. For
instance, patients subjected to heart transplantation present extrinsic
heart denervation caused by axonal Wallerian degeneration due to
surgical interruption of the parasympathetic vagal neurons and the
intrinsic post-ganglionic sympathetic nerve fibers travelling from the
stellate ganglia to the myocardium [34]. In these patients, the donor's
heart is surgically denervated, yet the heart rate increases in response to
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exercise [35] and this peak response is supposed to be due to an increase
in circulating levels of catecholamines released by the adrenal glands
[36]. Treatment of these patients with atenolol causes a significant
reduction of both resting and maximum heart rates [37].

In conclusion 6-ND is an endogenous modulator of the rat heart
chronotropism. The positive chronotropic effect of 6-ND has two distinct
characteristics compared to that induced by the classical catechol-
amines; it has a flat concentration-response curve, and the effect is long
lasting, both in vitro and in vivo. B1-Adrenoceptor stimulation activates
adenylate cyclase increases the cyclic adenosine monophosphate
(cAMP), which is responsible for increasing both heart rate and
contractility [38]. Since the signaling of §;-AR is rapidly terminated by
cAMP degradation by cAMP phosphodiesterases [39], it is possible that
the transduction mechanism following 6-ND receptor activation is not
coupled to adenylate cyclase stimulation. Nevertheless, the finding that
B1-AR antagonists act in the heart as potent 6-ND antagonists should
cause a careful reevaluation of the physiological role of the adrenergic
nervous system in the heart. Activating the sympathetic nervous system
is responsible for the body's “Fight or Flight” reaction [40]. Possibly due
to 6-ND, one may not need to fight or fly constantly.

5. Conclusion

The results clearly establish 6-ND as a novel non-neurogenic medi-
ator of heart chronotropism and offer a novel mechanism of action of NO
as a modulator of both heart rate and blood pressure. Measurement of
circulating levels in clinical scenarios where patients present high heart
rate and low blood pressure, as in septic shock, may clarify the patho-
physiological role of 6-ND.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.1fs.2022.120879.
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Anexo 12
Artigo 14 — Release of 6-nitrodopamine modulates vascular reactivity of Pantherophis
guttatus aortic rings.
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Fig. 6. Effects of L-NAME and ODQ on EFS-induced contractions. The EFS (8 and 16 Hz)-induced contractions were significantly increased by pre-incubation with L-
NAME (100 pM; Panel A) or ODQ (100 pM, panel B). Data are expressed as mean =+ S.E.M. * indicates p < 0.05. In panel A, it was employed 4 aortas and 14 rings and

in panel B, 4 aortas and 14 rings. Unpaired t-test was applied in Panels A and B.

Co (Michigan, USA). 6-Nitrodopamine and 6-nitrodopamine-d4 were
acquired from Toronto Research Chemicals (Ontario, CA). Dopamine-d3
hydrochloride, DL-noradrenaline-ds hydrochloride and adrenaline-dg
hydrochloride were acquired from CDN Isotopes (Quebec, CA). Strata™.-
X 33 mm Polymeric Reversed SPE cartridges were bought from Phe-
nomenex (California, USA) and GIST-HP C;g columns were obtained
from Shimadzu (Duisburg, Germany). Sodium chloride (NaCl), potas-
sium chloride (KCl), calcium chloride (CaCly), magnesium sulfate
(MgS04), sodium bicarbonate (NaHCO3), potassium phosphate mono-
basic (KHPO4) and glucose were acquired from Merck KGaA (Darm-
stadt, Germany). The composition of the KHS was in mM: NaCl 118, KCl
4.7, CaCly 2.5, MgSO4 1.2, NaHCO3 25, KH2PO4 1.2 and dextrose 5.6.

2.10. Data analysis

Nonlinear regression analysis to determine the pECso was carried out
using GraphPad Prism (GraphPad Software, version 9.4, San Diego, CA,
USA) with the constraint that F = 0. All concentration-response data
were evaluated for a fit to a logistics function in the form: E = Epax / ([1
+ (10c / 10x)n] + F, where E represents the increase in response con-
tractile induced by the agonist, Enay is the effect agonist maximum, c is
the logarithm of concentration of the agonist that produces 50 % of Ena,
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 concen-
tration-response line, and F is the response observed in the absence of
added drug. The pA; values were calculated from the intercept on the
concentration axis and by application of the equation; pA; = log
(antagonist concentration) — log (CR-1) — log (antagonist concentra-
tion) (Arunlakshana and Schild, 1959). In addition, standard ANOVA,
followed by the Newman-Keuls post-test, were used when more than
two groups were involved. A p value of <0.05 was considered statisti-
cally significant. The values of pECg data represent the mean + stan-
dard error of the mean (S.E.M.) of n experiments. Values of Epax wWere
expressed in milli-Newtons (mN).

In the pharmacological experiments, the number of experiments in
expressed as x/y, where x represents the number of aortas (animals) and
y the number of rings employed in the experiment. One ring was used as
the control response and the other ring was incubated with an antago-
nist/inhibitor. Student's two-tail unpaired t-test was employed and the
differences between groups and p < 0.05 were considered significant.
For Epax and pECsg analysis, unpaired Student's t-test was used.

3. Results
3.1. Basal release of 6-ND from Pantherophis guttatus aortic rings

Levels of 6-ND were quantified by LC-MS/MS in the KHS bathing
Pantherophis guttatus aortic rings (Fig. 1). Pre-treatment of the rings with
L-NAME (100 pM, 30 min) reduced by 77 % (p < 0.05) the 6-ND release
(4.61 + 1.75 and 1.06 + 0.54 ng/mL, for control and L-NAME aortic
rings, respectively, p = 0.0365; Fig. 1A). The 6-ND release was also
significantly decreased by mechanical removal of the endothelium (1.79
+ 0.43 and 0.48 + 0.15 ng/mL for endothelium-intact and denuded
aortic rings, respectively, p = 0.0058; Fig. 1B). The basal release of
dopamine, noradrenaline, and adrenaline was below the limit of quan-
titation (LOQ; 0.1 ng/mL, data not shown).

3.2. Relaxing effects of 6-ND and L-741,626 on pre-contracted
Pantherophis guttatus aortic rings

In endothelin-1 (3 nM) pre-contracted aortic rings, incubation with
6-ND (10 pM-1 pM) produced concentration-dependent relaxations
with pECsp and Emax values of 9.18 + 0.25 and 76.91 + 13.75 %,
respectively (n = 3/8; Fig. 2A and B). The relaxations were nearly absent
in endothelium-denuded aortic rings (Fig. 2A), but unaffected by pre-
incubation with L-NAME (Fig. 2B).

In another set of endothelin-1 (3 nM) pre-contracted aortic rings,
incubation with the selective dopamine Dj-receptor antagonist L-
741,626 (10 pM-1 pM) produced concentration-dependent relaxations
(PECs 8.66 + 0.15; Emax 73.87 + 10.03 %; n = 3/8; Fig. 2C and D).
Similar to 6-ND, the relaxations induced by L-741,626 were greatly
reduced by endothelium removal (Fig. 2C), but unaffected by incubation
with L-NAME (Fig. 2D).

3.3. Contractile effects of 6-ND, dopamine, noradrenaline, and
adrenaline on Pantherophis guttatus aortic rings

Incubation with 6-nitrodopamine (1 nM-1 pM) caused no contrac-
tions in Pantherophis guttatus aortic rings (data not shown; n = 5/10).
Dopamine (1 nM-1 mM), noradrenaline (1 nM-300 uM) and adrenaline
(1 nM-300 pM) caused concentration-dependent aortic contractions
(Fig. 3A-C). Pre-incubation with L-NAME (100 pM) provoked significant
leftward shifts (p < 0.05) of the concentration-response curves to
dopamine (pECsg 5.02 + 0.09 and 5.50 + 0.10 for control and L-NAME,
respectively, n = 3/5; Fig. 3A), noradrenaline (pECsp 5.59 + 0.13 and
6.08 =+ 0.08 for control and L-NAME, respectively, n = 3/7; Fig. 3B) and
adrenaline (pECsp 5.67 + 0.17 and 6.59 =+ 0.14 for control and L-NAME,
respectively, n = 3/6; Fig. 3C). Incubation with 6-nitrodopamine (1




183




184




A.T. Lima et al.

Britto-Junior, J., Pinheiro, D.H.A., Justo, A.F.O., Figueiredo Murari, G.M., Campos, R.,
Mariano, F.V., de Souza, V.B., Schenka, A.A., Ménica, F.Z., Antunes, E., De Nucci, G.,
2020. Endothelium-derived d i dul EFS-induced contractions of
human umbilical vessels. Pharmacol. Res. Perspect. 8 (4), e00612 https://doi.org/
10.1002/prp2.612.

Britto-Junior, J., Ximenes, L., Ribeiro, A., Fregonesi, A., Campos, R., Kiguti, L., Mumca F.
Z., Antunes, E., De Nucci, G., 2021b. 6-nitrod: d of

Comparative Bioch

istry and Physiol Part C 262 (2022) 109471
hllywhlte, H.B., Albert, J.d S Sheehy, C.M., Seymour, R.S., 2012. Gravity and the
ion of ¢ hology in snakes. Comp. Biochem. Physiol. A
Mol. Integr. Physiol. 161 (2), 230-242. https://doi.org/10.1016/j.
cbpa.2011.10.029.
Lillywhite, H.B., 1988. Snakes, blood circulation and gravity. Sci. Am. 259 (6), 92-99.
Momna, R., Lopez, J.M., ilez, A., 2011. Localization of calbindin-d28k and

rat isolated epididymal vas deferens contractions mduced by electric-field
stimulation. Eur. J. Pharmacol. 15 (911), 174544 https://doi.org/10.1016/j.
ejphar.2021.174544, Indicar a letra para 2021.

Campos, R., Jacintho, F.F., Britto-Junior, J., Ménica, F.Z., Justo, A.F.O., Pupo, A.S.,
Moreno, R.A., Souza, V.B., Schenka, A.A., Antunes, E., De Nucci, G., 2020.
Endothelium modulates electrical field stimulation-induced contractions of
chelonoidis carbonaria aortic rings. Comp. Biochem. Physiol. C: Toxicol. Pharmacol.
233, 108763 https://doi.org/10.1016/j.cbpc.2020.108763.

Campos, R., Justo, A.F.0., Ménica, F.Z., Cogo, J.C., Moreno, R.A., de Souza, V.B.,
Schenka, A.A., De Nucci, G., 2018b. Electrical field-induced contractions on Crotalus
durissus terrificus and Bothrops jararaca aortae are caused by endothelium-derived
catecholamine. PLoS One 10 (13), €0203573. https://doi.org/10.1371/journal.
pone.0203573.

Campos, R., Ménica, F.Z., Justo, A.F.O., Cogo, J.C., Oliveira, E.T., Moreno, R.A.,
Antunes, E., De Nucci, G., 2018. Electrical field stimulation-induced contractions on
Pantherophis guttatus corpora cavernosa and aortae. PLoS One 13 (4), e0196123.
https://doi.org/10.1371/journal.pone.0196123. PMID: 29672643; PMCID:
PMC5908133.

Campos, R., Pinheiro, D.H.A., Britto-Jtnior, J., Castro, H.A., Mendes, G.D., Moraes, M.O.,
Moraes, M.E.A., Lopes-Martins, ILA.B., Antunes, N.J., De Nucci, G., 2021.
Quantification of 6-nitrod: in Krebs-} leit's solution by LC-MS/MS for
the assessment of its basal release from chelonoidis carbonaria aortae in vitro.

J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 22 (1173), 122668 https://doi.
org/10.1016/j.jchromb.2021.122668.

Cechova, S., Pajewski, T.N., 2004. The soluble guanylyl cyclase inhibitor ODQ, 1H-
[1,2,4]oxadiazolo[4,3-a]quil lin-1-one, d reduces the
for isoflurane anesthesia in rats. Anesth. Analg. 99 (3), 752-757. https://doi.org/
10.1213/01.ANE.0000132695.77191.F3.

Farha, K., Baljé-Volkers, C., Tamminga, W., Den Daas, I, Van Os, S., 2014. Dop

. 1 treshold

in in the brain of di hi i (amphibi: hiona) and its
bearing on the interpretation of newly recognized neu.roanatonucal regions. Brain
Behav. Evol. 77 (4), 231-269. https://doi.org/10.1159/000329521.

Narahashi, T., Moore, J.W., Poston, R.N., 1967. Tetrodotoxin derivatives: chemical
structure and block of nerve b di Science 19 (156), 3777.
https://doi.org/10.1126/science.156.3777.976, 976-9.

Schrammel, A., Behrends, S., Schmidt, K., Koesling, D., Mayer, B., 1996. Characterization
of 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one as a heme-site inhibitor of nitric
oxide-sensitive guanylyl cyclase. Mol. Pharmacol. 50 (1), 1-5.

Reilly, F.D., Russell, P.T., 1997. Neurohistochemical evidence supporting an absence of
adrenergic and cholinergic innervation in the human placenta and umbilical cord.
Anat. Rec. 188 (3), 277-286. https://doi.org/10.1002/ar.1091880302.

Schneider, C.S., Mierau, J., 1987. D autoreceptor resolution and
phar logical activity of 2,6-di le and an
aminothiazole analogue of apomorphine. J. Med. Chem. 30 (3), 494-498. https://
doi.org/10.1021/jm00386a009.

Moénica, F.Z., Rojas-Moscoso, J., Porto, M., Schenka, A.A., Antunes, E., Cogo, J.C., De
Nucci, G., 2012. Immunohistochemical and functional characterization of nitric
oxide signaling pathway in isolated aorta from Crotalus durissus terrificus. Comp.
Biochem. Physiol. C: Toxicol. Pharmacol. 155 (3), 433-439. https://doi.org/
10.1016/j.cbpc.2011.11.003.

Murad, F., Waldman, S.A., Fiscus, R.R., Rapoport, R.M., 1986. Regulation of cyclic GMP
synthesis and the interactions with calcium. J. Cardiovasc. Pharmacol. 8 (S8)
https://doi.org/10.1097/00005344-198600088-00012. $57-60.

Percie du Sert, N., Hurst, V., Ahluwalia, A., Alam, S., Avey, M.T., Baker, M., Browne, W.
J., Clark, A., Cuthill, 1.C., Dirnagl, U., Emerson, M., Garner, P., Holgate, S.T.,
Howells, D.W., Karp, N.A., Lazic, S.E., Lidster, K., MacCallum, C.J., Macleod, M.,
Pearl, E.J., Petersen, O.H., Rawle, F., Reynolds, P., Rooney, K., Sena, E.S.,
Silberberg, S.D., Steckler, T., Wiirbel, H., 2020. The ARRIVE guidelines 2.0: updated

D2R agonist-induced cardiovascular effects in healthy male subjects: potential
implications in clinical settings. ISRN Neurol. 22 (2014), 956353 https://doi.org/
10.1155/2014/956353.

Filogonio, R., Sartori, M.R., Morgensen, S., Tavares, D., Campos, R., Abe, A.S., Taylor, E.
W., Rodrigues, G.J., De Nucci, G., Simonsen, U., Leite, C.A.C., Wang, T., 2020.
Cholinergic regulation along the pulmonary arterial tree of the south american
rattlesnake: vascular reactivity, muscarinic receptors, and vagal innervation. Am. J.
Phys. Regul. Integr. Comp. Phys. 1 (319), 2. https://doi.org/10.1152/
ajpregu.00310.2019. R156-R170.

Gould, L., Reddy, C.V., 1976. Phentolamine. Am. Heart J. 92 (3), 397-402. https://doi.
org/10.1016/s0002-8703(76)80121-4.

idelines for reporting animal research. PLoS Biol. 14 (18), 3000410 https://doi.
org/10.1371/journal.pbio.3000410, 7.

Owens, M.J., Morgan, W.N., Plott, S.J., Nemeroff, C.B., 1989. Neurotransmitter receptor
and transporter binding profile of antidepressants and their metabolites, 1997 Dec
J. Pharmacol. Exp. Ther. 283 (3), 1305-1322. PMID: 9400006.

Quigg, R.J., Rocco, M.B., Gauthier, D.F., Creager, M.A., Hartley, L.H., Colucci, W.S.,
1989. Mechanism of the attenuated peak heart rate response to exercise after
orthotopic cardiac transplantation. J. Am. Coll. Cardiol. 14 (2), 338-344. https://
doi.org/10.1016/0735-1097(89)90183-6.

United States Food and Drug Administration (FDA), 2001. Bioanalytical Method
Validation Guidelines.

185



186

Anexo 13

Entrevista: First person — José Britto-Junior
Revista: Biology Open

Data da publicagao 20 janeiro 2021

Na colegao: BiO: First Person interviews




187




188




189

Anexo 14 - PARECER DO COMITE DE ETICA




190




191




192




193




194




195




196




197




198




199

Anexo 14 - Autorizagao da revista




200




201




202




203




C.LICENSE

204

Owner, Wiley (where Wiley is not the Owner), and users have non-exclusive rights under the terms of the
Creative Commons Attribution License. For the avoidance of doubt, “Contribution” is defined to only
include the article submitted by the Contributor for publication in the Journal (including any embedded
rich media) and does not extend to any supporting information submitted with or referred to in the
Contribution (“Supporting Information”). To the extent that any Supporting Information is submitted to
the Journal, the Owner is granted a perpetual, non-exclusive license to publish, republish, transmit, sell,
distribute and otherwise use this Supporting Information in whole or in part in electronic and print
editions of the Journal and in derivative works throughout the world, in all languages and in all media of
expression now known or later developed, and to license or permit others to do so.

D. CONTRIBUTIONS OWNED BY EMPLOYER

If the Contribution was written by the Contributor in the course of the Contributor's employment as a
"work-made-for-hire" and the employer owns the copyright in the Contribution, the employer
company/institution agrees to the terms of use set forth in paragraph A above and must execute this
Agreement (in addition to the Contributor) in the space provided below.

E. COPYRIGHT NOTICE

Owner (and Wiley, where Wiley is not the Owner), the Contributor, and the company/institution agree
that any and all copies of the Contribution or any part thereof distributed or posted by them in print or
electronic format will include the notice of copyright as stipulated in the Journal and a full citation to the
final published version of the Contribution in the Journal as published by Wiley.

F.CONTRIBUTOR'S REPRESENTATIONS

The Contributor represents that: (i) the Contribution is the Contributor’s original work, all individuals
identified as Contributors actually contributed to the Contribution, and all individuals who contributed are
included; (ii) if the Contribution was prepared jointly, the Contributor has informed the co-Contributors of
the terms of this Agreement and has obtained their signed written permission to execute this Agreement
on their behalf as their agent; (iii) the Contribution is submitted only to this Journal and has not been
published before, has not been included in another manuscript, and is not currently under consideration or
accepted for publication elsewhere; (iv) if excerpts from copyrighted works owned by third parties are
included, the Contributor shall obtain written permission from the copyright owners for all uses as set
forth in the standard permissions form or the Journal’s Author Guidelines, and show credit to the sources
in the Contribution; (v) the Contribution and any submitted Supporting Information contain no libelous or
unlawful statements, do not infringe upon the rights (including without limitation the copyright, patent or
trademark rights) or the privacy of others, do not breach any confidentiality obligation, do not violate a
contract or any law, or do not contain material or instructions that might cause harm or injury, and only
utilize data that has been obtained in accordance with applicable legal requirements and Journal policies;
(vi) there are no conflicts of interest relating to the Contribution, except as disclosed. Accordingly, the
Contributor represents that the following information shall be clearly identified on the title page of the
Contribution: (1) all financial and material support for the research and work; (2) any financial interests
the Contributor or any co-Contributors may have in companies or other entities that have an interest in the
information in the Contribution or any submitted Supporting Information (e.g., grants, advisory boards,
employment, consultancies, contracts, honoraria, royalties, expert testimony, partnerships, or stock
ownership); and (3) indication of no such financial interests if appropriate.

Wiley reserves the right, notwithstanding acceptance, to require changes to the Contribution, including
changes to the length of the Contribution, and the right not to publish the Contribution if for any reason
such publication would in the reasonable judgment of Wiley, result in legal liability or violation of journal
ethical practices.

G. USE OF INFORMATION

The Contributor acknowledges that, during the term of this Agreement and thereafter (for as long as
necessary), the Owner (and Wiley, where Wiley is not the owner) may process the Contributor’s personal
data, including storing or transferring data outside of the country of the Contributor’s residence, in order
to process transactions related to this Agreement and to communicate with the Contributor and that the
Publisher has a legitimate interest in processing the Contributor's personal data. By entering into this
Agreement, the Contributor agrees to the processing of the Contributor’s personal data (and, where
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applicable, confirms that the Contributor has obtained the permission from all other contributors to
process their personal data). Wiley shall comply with all applicable laws, statutes and regulations relating
to data protection and privacy and shall process such personal data in accordance with Wiley’s Privacy

Policy located at: https://www.wiley.com/en-us/privacy.

[ X 11 agree to the OPEN ACCESS AGREEMENT as shown above, consent to execution and delivery of the Open Access
Agreement electronically and agree that an electronic signature shall be given the same legal force as a handwritten signature,
and have obtained written permission from all other contributors to execute this Agreement on their behalf.

Contributor's signature (type name here): José Britto Jinior

Date: May 21, 2020

SELECT FROM OPTIONS BELOW:
[ X ] Contributor-owned work

[1 U.S. Government work
Note to U.S. Government Employees
A contribution prepared by a U.S. federal government employee as part of the employee's official duties, or which is an
official U.S. Government publication, is called a "U S. Government work", and is in the public domain in the United
States. If the Contribution was not prepared as part of the employee's duties or is not an official U.S. government
publication, or if at least one author is not a U.S. government employee, it is not a U.S. Government work. If at least one
author is not a U.S. government employee, then the non-government author should also sign the form, selecting the
appropriate additional ownership selection option. If more than one author is not a U .S. government employee, one may
sign on behalf of the others.

[ 1 UK. Government work (Crown Copyright)
The rights in a contribution prepared by an employee of a UK government department, agency or other Crown body as
part of his/her official duties, or which is an official government publication, belong to the Crown and must be made
available under the terms of the Open Government License. Contributors must ensure they comply with departmental
regulations and submit the appropriate authorisation to publish. If your status as a government employee legally
prevents you from signing this Agreement, please contact the Journal production editor. If this selection does not apply
to at least one author in the group, this author should also sign the form, indicating agreement to publication on CC-BY
basis and selecting the appropriate additional ownership selection option. If this applies to more than one author, one
may sign on behalf of the others.

[ 1 Other
Including Other Government work or Non-Governmental Organisation work
Note to Non-U S., Non-U K. Government Employees or Non-Governmental Organisation Employees
If you are employed by the World Health Organization or UNU-WIDER, please download a copy of the license
agreement from http.://www.wileyauthors.com/licensingFFAQ and upload the form to the Wiley Author Services
Dashboard. If your status as a government or non-governmental organisation employee legally prevents you from
signing this Agreement, please contact the Journal production editor.

Name of Government/Non-Governmental Organisation:

[ 1 Company/institution owned work (made for hire in the course of employment)
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sharing groups in Compliant SCNs, provided no fee is charged, and further provided that there is no
systematic external or public distribution of the Final Published Version, e.g. posting on a listserve, network or
automated delivery.

b. Re-use in other publications. The right to re-use the Final Published Version or parts thereof for any
publication authored or edited by the Contributor (excluding journal articles) where such re-used material
constitutes less than half of the total material in such publication. In such case, any modifications must be
accurately noted.

c. Teaching duties. The right to include the Final Published Version in teaching or training duties at the
Contributor’s institution/place of employment including in course packs, e-reserves, presentation at
professional conferences, in-house training, or distance learning. The Final Published Version may not be
used in seminars outside of normal teaching obligations (e.g. commercial seminars). Electronic posting of the
Final Published Version in connection with teaching/training at the Contributor’'s company/institution is
permitted subject to the implementation of reasonable access control mechanisms, such as user name and
password. Posting the Final Published Version on the open Internet is not permitted.

d. Oral presentations. The right to make oral presentations based on the Final Published Version.
4. Article Abstracts, Figures, Tables, Artwork and Selected Text (up to 250 words).

a. Contributors may re-use unmodified abstracts for any non-commercial purpose. For online uses of the
abstracts, the Owner encourages but does not require linking back to the Final Published Version.

b. Contributors may re-use figures, tables, artwork, and selected text up to 250 words from their Contributions,
provided the following conditions are met:

(i) Full and accurate credit must be given to the Final Published Version.
(if) Modifications to the figures and tables must be noted. Otherwise, no changes may be made.

(iii) The re-use may not be made for direct commercial purposes, or for financial consideration to the
Contributor.

(iv) Nothing herein will permit dual publication in violation of journal ethical practices.
D. CONTRIBUTIONS OWNED BY EMPLOYER

1. If the Contribution was written by the Contributor in the course of the Contributor's employment as a "work-made-for-
hire" in the course of employment, the Contribution is owned by the company/institution which must execute this
Agreement (in addition to the Contributor’s signature). In such case, the company/institution hereby agrees to the terms
of use set forth in paragraph A above and assigns to the Owner, during the full term of copyright, all copyright in and to
the Contribution for the full term of copyright throughout the world as specified in paragraph A above.

2. In addition to the rights specified as retained in paragraph B above and the rights granted back to the Contributor
pursuant to paragraph C above, the Owner hereby grants back, without charge, to such company/institution, its
subsidiaries and divisions, the right to make copies of and distribute the Final Published Version internally in print format
or electronically on the Company’s internal network. Copies so used may not be resold or distributed externally.
However, the company/institution may include information and text from the Final Published Version as part of an
information package included with software or other products offered for sale or license or included in patent
applications. Posting of the Final Published Version by the company/institution on a public access website may only be
done with written permission, and payment of any applicable fee(s). Also, upon payment of the applicable reprint fee, the
company/institution may distribute print copies of the Final Published Version externally.
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E. GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or grant, the U.S. Government may reproduce,
without charge, all or portions of the Contribution and may authorize others to do so, for official U.S. Government
purposes only, if the U.S. Government contract or grant so requires. (U.S. Government, U.K. Government, and other
government employees: see notes at end.)

F. COPYRIGHT NOTICE

The Contributor and the company/institution agree that any and all copies of the Final Published Version or any part
thereof distributed or posted by them in print or electronic format as permitted herein will include the notice of copyright
as stipulated in the Journal and a full citation to the Journal.

G. CONTRIBUTOR'S REPRESENTATIONS

The Contributor represents that: (i) the Contribution is the Contributor’s original work, all individuals identified as
Contributors actually contributed to the Contribution, and all individuals who contributed are included; (ii) if the
Contribution was prepared jointly, the Contributor has informed the co-Contributors of the terms of this Agreement and
has obtained their signed written permission to execute this Agreement on their behalf; (iii) the Contribution is submitted
only to this Journal and has not been published before, has not been included in another manuscript, and is not currently
under consideration or accepted for publication elsewhere; (iv) if excerpts from copyrighted works owned by third parties
are included, the Contributor shall obtain written permission from the copyright owners for all uses as set forth in the
standard permissions form and the Journal's Author Guidelines, and show credit to the sources in the Contribution; (v)
the Contribution and any submitted Supporting Information contain no libelous or unlawful statements, do not infringe
upon the rights (including without limitation the copyright, patent or trademark rights) or the privacy of others, do not
breach any confidentiality obligation, do not violate a contract or any law, do not contain material or instructions that
might cause harm or injury, and only utilize data that has been obtained in accordance with applicable legal
requirements and Journal policies; (vi) there are no conflicts of interest relating to the Contribution, except as disclosed.
Accordingly, the Contributor represents that the following information shall be clearly identified on the title page of the
Contribution: (1) all financial and material support for the research and work; (2) any financial interests the Contributor or
any co-Contributors may have in companies or other entities that have an interest in the information in the Contribution
or any submitted Supporting Information (e.g., grants, advisory boards, employment, consultancies, contracts,
honoraria, royalties, expert testimony, partnerships, or stock ownership); and (3) indication of no such financial interests
if appropriate.

Wiley reserves the right, notwithstanding acceptance, to require changes to the Contribution, including changes to the
length of the Contribution, and the right not to publish the Contribution if for any reason such publication would in the
reasonable judgment of Wiley, result in legal liability or violation of journal ethical practices.

H. USE OF INFORMATION

The Contributor acknowledges that, during the term of this Agreement and thereafter, the Owner (and Wiley where

Wiley is not the Owner) may process the Contributor’s personal data, including storing or transferring data outside of the
country of the Contributor’s residence, in order to process transactions related to this Agreement and to communicate
with the Contributor, and that the Publisher has a legitimate interest in processing the Contributor's personal data. By
entering into this Agreement, the Contributor agrees to the processing of the Contributor’s personal data (and, where
applicable, confirms that the Contributor has obtained the permission from all other contributors to process their

personal data). Wiley shall comply with all applicable laws, statutes and regulations relating to data protection and
privacy and shall process such personal data in accordance with Wiley’s Privacy Policy located at: https://Awww.wiley.com
len-us/privacy.
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[ X ]1agree to the COPYRIGHT TRANSFER AGREEMENT as shown above, consent to execution and delivery of the
Copyright Transfer Agreement electronically and agree that an electronic signature shall be given the same legal force
as a handwritten signature, and have obtained written permission from all other contributors to execute this Agreement
on their behalf.

Contributor's signature (type name here): Natalicia de Jesus Antunes

Date: September 02, 2020

SELECT FROM OPTIONS BELOW:
[ X] Contributor-owned work

[] U.S. Government work
Note to U.S. Government Employees
A contribution prepared by a U.S. federal government employee as part of the employee's official duties, or which is
an official U.S. government publication, is called a "U.S. government work", and is in the public domain in the
United States. If the Contribution was not prepared as part of the employee's duties, is not an official U.S.
government publication, or if at least one author is not a U.S. government employee, it is not a U.S. government
work. If at least one author is not a U.S. government employee, then the non-government author should also sign
the form, selecting the appropriate ownership option. If more than one author is not a U.S. government employee,
one may sign on behalf of the others.

[

—

U.K. Government work (Crown Copyright)

Note to U.K. Government Employees

For Crown Copyright this form should be signed in the Contributor’s signatures section above by the
appropriately authorised individual and uploaded to the Wiley Author Services Dashboard. For production
editor contact details please visit the Journal’s online author guidelines. The rights in a contribution prepared by an
employee of a UK government department, agency or other Crown body as part of his/her official duties, or which is
an official government publication, belong to the Crown and must be made available under the terms of the Open
Government Licence. Contributors must ensure they comply with departmental regulations and submit the
appropriate authorisation to publish. If your status as a government employee legally prevents you from signing this
Agreement, please contact the Journal production editor. If this selection does not apply to at least one author in
the group, this author should also sign the form, indicating transfer of those rights which that author has and
selecting the appropriate additional ownership selection option. If this applies to more than one author, one may
sign on behalf of the others.

[ 1 Other
Including Other Government work or Non-Governmental Organisation work
Note to Non-U.S., Non-U.K. Government Employees or Non-Governmental Organisation Employees
For Other Government or Non-Governmental Organisation work this form should be signed in the
Contributor's signatures section above by the appropriately authorised individual and uploaded to the
Wiley Author Services Dashboard. For production editor contact details please visit the Journal’s online author
guidelines. If you are employed by the Australian Government, the World Bank, the World Health Organization, the
International Monetary Fund, the European Atomic Energy Community, the Jet Propulsion Laboratory at California
Institute of Technology, the Asian Development Bank, the Bank of International Settlements, or are a Canadian
Government civil servant, please download a copy of the license agreement from http.//www.wileyauthors.com
licensingFAQ and upload the form to the Wiley Author Services Dashboard. If your status as a government or non-




212

governmental organisation employee legally prevents you from signing this Agreement, please contact the Journal
production editor.

Name of Government/Non-Governmental Organisation:

[

—

Company/institution owned work (made for hire in the course of employment)

For "work made for hire" this form should be signed and uploaded to the Wiley Author Services Dashboard.
For production editor contact details please visit the Journal's online author guidelines. If you are an employee of
Amgen, please download a copy of the company addendum from http://www.wileyauthors.com/licensingFAQ and
return your signed license agreement along with the addendum. If this selection does not apply to at least one
author in the group, this author should also sign the form, indicating transfer of those rights which that author has
and selecting the appropriate additional ownership selection option. If this applies to more than one author, one
may sign on behalf of the others.

Name of Company/Institution:

Authorized Signature of Employer:

Date:

Signature of Employee:

Date:
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If you cancel the purchase on this basis, we will reimburse to you all payments received from
you, including the costs of delivery (except for the additional costs arising 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, if the
loss is 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 returned 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 it 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 is limited to the price of the items not delivered or the cost of replacing
such items.
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may make a deduction from the reimbursement for loss in value of any goods supplied, if the
loss is 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 returned 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 it 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 is limited to the price of the items not delivered or the cost of replacing
such items.
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d)

first publication (the "Embargo Period"): their employer’s internal website; their institutional and/or
funder repositories. Accepted Manuscripts may be deposited in such repositories immediately upon
acceptance, provided they are not made publicly available until after the Embargo Period.

The rights granted to the Author with respect to the Accepted Manuscript are subject to the
conditions that (i) the Accepted Manuscript is not enhanced or substantially reformatted by the
Author or any third party, and (ii) the Author includes on the Accepted Manuscript an
acknowledgement in the following form, together with a link to the published version on the
publisher’s website: “This version of the article has been accepted for publication, after peer
review (when applicable) but is not the Version of Record and does not reflect post-acceptance
improvements, or any corrections. The Version of Record is available online at:
http://dx.doi.org/[insert DOI]. Use of this Accepted Version is subject to the publisher’'s Accepted
Manuscript terms of use https://www.springernature.com/gp/open-research/policies/accepted-
manuscript-terms”. Under no circumstances may an Accepted Manuscript be shared or distributed
under a Creative Commons or other form of open access licence.

The Licensee grants to the Author the following non-exclusive rights to the Version of Record,
provided that, when reproducing the Version of Record or extracts from it, the Author
acknowledges and references first publication in the Journal according to current citation
standards. As a minimum, the acknowledgement must state: “First published in [Journal name,
volume, page number, year] by Springer Nature”.

i. to reuse graphic elements created by the Author and contained in the Article, in
presentations and other works created by them;

ii.. the Author and any academic institution where they work at the time may reproduce the
Article for the purpose of course teaching (but not for inclusion in course pack material for
onward sale by libraries and institutions);

iii. to reuse the Version of Record or any part in a thesis written by the same Author, and to
make a copy of that thesis available in a repository of the Author(s)’ awarding academic
institution, or other repository required by the awarding academic institution. An
acknowledgement should be included in the citation: “Reproduced with permission from
Springer Nature”; and

iv. to reproduce, or to allow a third party to reproduce the Article, in whole or in part, in any
other type of work (other than thesis) written by the Author for distribution by a publisher
after an embargo period of 12 months.

Warranties & Representations

Author warrants and represents that:

a)

b)

)

d)

i. the Author is the sole copyright owner or has been authorised by any additional copyright
owner(s) to grant the rights defined in clause 1,

ii.. the Article does not infringe any intellectual property rights (including without limitation
copyright, database rights or trade mark rights) or other third party rights and no licence
from or payments to a third party are required to publish the Article,

iii. the Article has not been previously published or licensed, nor has the Author committed to
licensing any version of the Article under a licence inconsistent with the terms of this
Agreement,

iv. if the Article contains materials from other sources (e.g. illustrations, tables, text
quotations), Author has obtained written permissions to the extent necessary from the
copyright holder(s), to license to the Licensee the same rights as set out in clause 1 but on
a non-exclusive basis and without the right to use any graphic elements on a stand-alone
basis and has cited any such materials correctly;

all of the facts contained in the Article are according to the current body of research true and
accurate;

nothing in the Article is obscene, defamatory, violates any right of privacy or publicity, infringes
any other human, personal or other rights of any person or entity or is otherwise unlawful and that
informed consent to publish has been obtained for any research participants;

nothing in the Article infringes any duty of confidentiality owed to any third party or violates any
contract, express or implied, of the Author;
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Published by Wiley on behalf of American Society of Andrology and European
Academy of Andrology (the "Owner")

COPYRIGHT TRANSFER AGREEMENT
Date: August 07, 2022
Contributor name: José Britto-Junior
Contributor address:
Manuscript number: ANDR-2022-0336.R1

Re: Manuscript entitled 6-NITRODOPAMINE IS A MAJOR ENDOGENOUS MODULATOR OF HUMAN VAS
DEFERENS CONTRACTILITY (the "Contribution")

for publication in Andrology (the "Journal")
published by Wiley Periodicals LLC ("Wiley")
Dear Contributor(s):

Thank you for submitting your Contribution for publication. In order to expedite the editing and publishing process and
enable the Owner to disseminate your Contribution to the fullest extent, we need to have this Copyright Transfer
Agreement executed. If the Contribution is not accepted for publication, or if the Contribution is subsequently rejected,
this Agreement shall be null and void.

Publication cannot proceed without a signed copy of this Agreement.

A. COPYRIGHT

1. The Contributor assigns to the Owner, during the full term of copyright and any extensions or renewals, all copyright in
and to the Contribution, and all rights therein, including but not limited to the right to publish, republish, transmit, sell,
distribute and otherwise use the Contribution in whole or in part in electronic and print editions of the Journal and in
derivative works throughout the world, in all languages and in all media of expression now known or later developed, and
to license or permit others to do so. “Contribution” means the article submitted by the Contributor for publication in the
Journal (including any embedded rich media) and all subsequent versions. The definition of Contribution does not extend
to any supporting information submitted with or referred to in the Contribution (“Supporting Information”). To the extent
that any Supporting Information is submitted to the Journal, the Owner is granted a perpetual, non-exclusive license to
publish, republish, transmit, sell, distribute and otherwise use this Supporting Information in whole or in part in electronic
and print editions of the Journal and in derivative works throughout the world, in all languages and in all media of
expression now known or later developed, and to license or permit others to do so. If the Contribution was shared as a
preprint, the Contributor grants to the Owner exclusivity as to any rights retained by the Contributor in the preprint.

2. Reproduction, posting, transmission or other distribution or use of the final Contribution in whole or in part in any
medium by the Contributor as permitted by this Agreement requires a citation to the Journal suitable in form and content
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a. Copies for colleagues. The personal right of the Contributor only to send or transmit individual copies of the
Final Published Version in any format to colleagues upon their specific request, and to share copies in private
sharing groups in Compliant SCNs, provided no fee is charged, and further provided that there is no systematic
external or public distribution of the Final Published Version, e.g. posting on a listserve, network or automated
delivery.

b. Re-use in other publications. The right to re-use the Final Published Version or parts thereof for any
publication authored or edited by the Contributor (excluding journal articles) where such re-used material
constitutes less than half of the total material in such publication. In such case, any modifications must be
accurately noted.

c. Teaching duties. The right to include the Final Published Version in teaching or training duties at the
Contributor’s institution/place of employment including in course packs, e-reserves, presentation at
professional conferences, in-house training, or distance learning. The Final Published Version may not be used
in seminars outside of normal teaching obligations (e.g. commercial seminars). Electronic posting of the Final
Published Version in connection with teaching/training at the Contributor’'s company/institution is permitted
subject to the implementation of reasonable access control mechanisms, such as user name and password.
Posting the Final Published Version on the open Internet is not permitted.

d. Oral presentations. The right to make oral presentations based on the Final Published Version.
4. Article Abstracts, Figures, Tables, Artwork and Selected Text (up to 250 words).

a. Contributors may re-use unmodified abstracts for any non-commercial purpose. For online uses of the
abstracts, the Owner encourages but does not require linking back to the Final Published Version.

b. Contributors may re-use figures, tables, artwork, and selected text up to 250 words from their Contributions,
provided the following conditions are met:

(i) Full and accurate credit must be given to the Final Published Version.
(ii) Modifications to the figures and tables must be noted. Otherwise, no changes may be made.

(iii) The re-use may not be made for direct commercial purposes, or for financial consideration to the
Contributor.

(iv) Nothing herein will permit dual publication in violation of journal ethical practices.
D. CONTRIBUTIONS OWNED BY EMPLOYER

1. If the Contribution was written by the Contributor in the course of the Contributor’'s employment as a "work-made-for-
hire" in the course of employment, the Contribution is owned by the company/institution which must execute this
Agreement (in addition to the Contributor’s signature). In such case, the company/institution hereby agrees to the terms
of use set forth in paragraph A above and assigns to the Owner, during the full term of copyright, all copyright in and to
the Contribution for the full term of copyright throughout the world as specified in paragraph A above.

2. In addition to the rights specified as retained in paragraph B above and the rights granted back to the Contributor
pursuant to paragraph C above, the Owner hereby grants back, without charge, to such company/institution, its
subsidiaries and divisions, the right to make copies of and distribute the Final Published Version internally in print format
or electronically on the Company's internal network. Copies so used may not be resold or distributed externally.
However, the company/institution may include information and text from the Final Published Version as part of an
information package included with software or other products offered for sale or license or included in patent
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applications. Posting of the Final Published Version by the company/institution on a public access website may only be
done with written permission, and payment of any applicable fee(s). Also, upon payment of the applicable reprint fee, the
company/institution may distribute print copies of the Final Published Version externally.

E. GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or grant, the U.S. Government may reproduce,
without charge, all or portions of the Contribution and may authorize others to do so, for official U.S. Government
purposes only, if the U.S. Government contract or grant so requires. (U.S. Government, U.K. Government, and other
government employees: see notes at end.)

F. COPYRIGHT NOTICE

The Contributor and the company/institution agree that any and all copies of the Final Published Version or any part
thereof distributed or posted by them in print or electronic format as permitted herein will include the notice of copyright
as stipulated in the Journal and a full citation to the Journal.

G. CONTRIBUTOR'S REPRESENTATIONS

The Contributor represents that: (i) the Contributor and all co-Contributors have the full power, authority and capability to
enter into this Agreement, to grant the rights and license granted herein and to perform all obligations hereunder; (ii)
neither the Contributor nor any co-Contributor has granted exclusive rights to, or transferred their copyright in, any
version of the Contribution to any third party; (iii) the Contribution is the Contributor’s original work, all individuals
identified as Contributors actually contributed to the Contribution, and all individuals who contributed are included; (iv) if
the Contribution was prepared jointly, the Contributor has informed the co-Contributors of the terms of this Agreement
and has obtained their signed written permission to execute this Agreement on their behalf; (v) the Contribution is
submitted only to this Journal and has not been published before, has not been included in another manuscript, and is
not currently under consideration or accepted for publication elsewhere; (vi) if excerpts from copyrighted works owned by
third parties are included, the Contributor shall obtain written permission from the copyright owners for all uses as set
forth in the standard permissions form and the Journal’s Author Guidelines, and show credit to the sources in the
Contribution; (vii) the Contribution and any submitted Supporting Information contain no libelous or unlawful statements,
do not infringe upon the rights (including without limitation the copyright, patent or trademark rights) or the privacy of
others, do not breach any confidentiality obligation, do not violate a contract or any law, do not contain material or
instructions that might cause harm or injury, and only utilize data that has been obtained in accordance with applicable
legal requirements and Journal policies; and (viii) there are no conflicts of interest relating to the Contribution, except as
disclosed. Accordingly, the Contributor represents that the following information shall be clearly identified on the title
page of the Contribution: (1) all financial and material support for the research and work; (2) any financial interests the
Contributor or any co-Contributors may have in companies or other entities that have an interest in the information in the
Contribution or any submitted Supporting Information (e.g., grants, advisory boards, employment, consultancies,
contracts, honoraria, royalties, expert testimony, partnerships, or stock ownership); and (3) indication of no such financial
interests if appropriate.

Notwithstanding acceptance, the Owner or Wiley may (but is not obliged to) require changes to the Contribution,
including changes to the length of the Contribution, and/or elect not to publish the Contribution if for any reason, in the
Owner’s or Wiley's reasonable judgment, such publication would be inconsistent with the Core Practices and associated
guidelines set forth by the Committee on Publication Ethics (a not-for-profit organization based in the UK:
https://publicationethics.org/core-practices) or would result in legal liability, violation of Wiley’s ethical guidelines, or
violation of journal ethical practices.

H. USE OF INFORMATION
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The Contributor acknowledges that, during the term of this Agreement and thereafter, the Owner (and Wiley where Wiley
is not the Owner) may process the Contributor's personal data, including storing or transferring data outside of the
country of the Contributor’s residence, in order to process transactions related to this Agreement and to communicate
with the Contributor, and that the Publisher has a legitimate interest in processing the Contributor's personal data. By
entering into this Agreement, the Contributor agrees to the processing of the Contributor's personal data (and, where
applicable, confirms that the Contributor has obtained the permission from all other contributors to process their personal
data). Wiley shall comply with all applicable laws, statutes and regulations relating to data protection and privacy and
shall process such personal data in accordance with Wiley's Privacy Policy located at: https://www.wiley.com/en-us
/privacy.

[ X1 agree to the COPYRIGHT TRANSFER AGREEMENT as shown above, consent to execution and delivery of the
Copyright Transfer Agreement electronically and agree that an electronic signature shall be given the same legal force
as a handwritten signature, and have obtained written permission from all other contributors to execute this Agreement
on their behalf.

Contributor's signature (type name here): José Britto-Junior

Date: August 07, 2022

SELECT FROM OPTIONS BELOW:
[ X] Contributor-owned work

[1 U.S. Government work
Note to U.S. Government Employees
A contribution prepared by a U.S. federal government employee as part of the employee'’s official duties, or which is
an official U.S. government publication, is called a "U.S. government work", and is in the public domain in the United
States. If the Contribution was not prepared as part of the employee's duties, is not an official U.S. government
publication, or if at least one author is not a U.S. government employee, it is not a U.S. government work. If at least
one author is not a U.S. government employee, then the non-government author should also sign the form,
selecting the appropriate ownership option. If more than one author is not a U.S. government employee, one may
sign on behalf of the others.

[ 1 U.K. Government work (Crown Copyright)
Note to U.K. Government Employees
The rights in a contribution prepared by an employee of a UK government department, agency or other Crown body
as part of his/her official duties, or which is an official government publication, belong to the Crown and must be
made available under the terms of the Open Government Licence. Contributors must ensure they comply with
departmental regulations and submit the appropriate authorisation to publish. If your status as a government
employee legally prevents you from signing this Agreement, please contact the Journal production editor. If this
selection does not apply to at least one author in the group, this author should also sign the form, indicating transfer
of those rights which that author has and selecting the appropriate additional ownership selection option. If this
applies to more than one author, one may sign on behalf of the others.

[ ] Other

236




237




