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RESUMO

ATIVIDADE DE ENZIMAS DO SISTEMA PURINERGICO EM LINFOCITOS E
PLAQUETAS DE USUARIAS DE CONTRACEPTIVOS HORMONAIS ORAIS
COMBINADOS

AUTORA: BRUNA PACHE MORESCHI
ORIENTADOR: PROF. DR. JEANDRE AUGUSTO OTSUBO JAQUES

O uso de horménios sexuais femininos sintéticos com o objetivo de inibir a ovulagéo teve inicio
em 1950, logo, este se tornou um dos métodos contraceptivos com maior adesdo. Diante das
evidéncias de interferéncia desses hormonios nos parametros hemostaticos das usuarias, 0 uso
de contraceptivos hormonais estd associado ao desenvolvimento de tromboembolismo. Sabe-
se gue a adenosina e seus nucleotideos desempenham um papel proeminente na regulacao da
agregacao plaquetaria e ativacdo linfocitéria. O objetivo deste trabalho foi avaliar a atividade
das enzimas do sistema purinérgico E-NTPDase, E-5'-NT e E-ADA em linfdcitos e plaquetas
de usuarias de anticoncepcionais orais combinados. Participaram da pesquisa 29 mulheres entre
18 e 40 anos usuarias de anticoncepcionais combinados e 29 ndo usuarias de contraceptivos
hormonais para compor o grupo controle. As participantes faziam uso de anticoncepcionais
orais combinados de terceira geracdo, como drospirenona ou acetato de ciproterona, ou
anticoncepcionais de quarta geracdo, incluindo gestodeno ou desogestrel, ambos associados ao
etinilestradiol. Foram coletados 8 ml de sangue periférico, dos quais foram isolados linfocitos
e plaquetas. A atividade das ectonucleotidases foi quantificada através da liberacdo de fosfato
inorganico, enquanto a atividade da E-ADA foi quantificada através da liberacdo de amonia. A
analise estatistica foi realizada pelo teste de Kruskal Wallis seguido do teste post hoc de Dunn.
Nossos resultados indicam reducdo da desaminacgdo de adenosina em linfocitos de G3 (66,5%);
n=8; p <0,01) e diminuicdo da hidrolise de AMP (69%; n = 8; p < 0,05) e desaminacdo de
adenosina (65%; n = 8, p < 0,01) nas plaquetas do G3, em comparacdo ao controle. Observamos
também aumento da hidrdlise de ADP (216%; n = 15; p < 0,01) e diminuicdo da desaminacéo
de adenosina (50,7%; n = 9; p < 0,05) em linfécitos, e diminuicdo da hidrdlise de ATP (34%; n
=10; p <0,01) e desaminacgéo de adenosina (63%; n = 8, p < 0,01) nas plaquetas de G4, em
comparagao ao controle. Uma hidrolise reduzida do AMP contribui para o estabelecimento de
um microambiente vascular pobre em adenosina. Somado a reducédo da atividade da E-ADA,
que também pode estar associada a uma menor concentracdo de adenosina neste
microambiente, contribuem para a diminui¢do do seu efeito antiagregante e anti-inflamatorio.
Os resultados obtidos neste projeto corroboram a literatura, relacionando o uso de
anticoncepcionais combinados com maior predisposi¢cdo ao desenvolvimento de doengas
cardiovasculares e circulatdrias.

Palavras-chave: E-NTPDase; E-5’-NT; E-ADA; Anticoncepcionais orais; Agregacao
plaquetéria; Sinalizagdo purinérgica.



ABSTRACT

ACTIVITY OF ENZYMES OF THE PURINERGIC SYSTEM IN LYMPHOCYTES
AND PLATELETS OF USERS OF COMBINED ORAL HORMONAL
CONTRACEPTIVES

AUTHOR: BRUNA PACHE MORESCHI
SUPERVISOR: PROF. DR. JEANDRE AUGUSTO OTSUBO JAQUES

The use of synthetic female sex hormones with the aim of inhibiting ovulation began in the
1950s, therefore, this became one of the contraceptive methods with the greatest adherence. In
view of the evidence of interference of these hormones in user's hemostatic parameters, the use
of hormonal contraceptives is associated with the development of thromboembolism. It is
known that adenosine and your nucleotides play a prominent role in regulating platelet and
lymphocyte aggregation. The objective was to evaluate the activity of the purinergic system
enzymes E-NTPDase, E-5'-NT and E-ADA in lymphocytes and platelets of users of combined
oral contraceptives. 29 women between 18 and 40 years old, users of combined contraceptives
participated in the research and 29 non-users of hormonal contraception to form the control
group. Participants used third-generation combined oral contraceptives, such as drospirenone
or cyproterone acetate, or fourth-generation contraceptives, including gestodene or desogestrel,
both associated with ethinyl estradiol. 8 mL of peripheral blood was collected, from which
lymphocytes and platelets were isolated. The activity of the ectonucleotidases was quantified
through the release of inorganic phosphate, while the activity of E-ADA was quantified through
the release of ammonia. Statistical analysis was performed using the Kruskal Wallis test
followed by Dunn's post hoc test. Our findings indicate decreased adenosine deamination in
lymphocytes from G3 (66,5%; n = 8; p < 0.01), and decreased AMP hydrolysis (69%; n =8; p
< 0.05) and adenosine deamination (65%; n = 8, p < 0.01) in platelets from G3, compared to
control. We also observed increased ADP hydrolysis (216%; n = 15; p < 0.01) and decreased
adenosine deamination (50,7%; n = 9; p < 0.05) in lymphocytes, and decreased ATP hydrolysis
(34%; n =10; p < 0.01) and adenosine deamination (63%; n =8, p < 0.01) in platelets from G4,
compared to control. Decreased AMP hydrolysis contributes to the establishment of an Ado-
poor vascular microenvironment. Added to the decrease in E-ADA activity, which may also be
associated with a lower concentration of Ado in this microenvironment, it may contribute to the
decrease in its anti-aggregation and anti-inflammatory effect. The results obtained in this
project corroborate the literature, linking the use of combined contraceptives with a greater
predisposition to the development of cardiovascular and circulatory diseases.

Keywords: E-NTPDase; E-5-NT; E-ADA; Oral contraceptives; Platelet aggregation;
Purinergic signaling.
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APRESENTACAO

Os resultados desta dissertacdo estdo apresentados na forma de manuscritos. O texto se
inicia com uma ampla revisdo de literatura, no Capitulo I, a respeito dos temas abordados na
construcdo dos manuscritos | e I1.

O Capitulo 11 se refere a construgdo de uma revisdo de literatura narrativa, Manuscrito
I, submetido a revista Fundamental & Clinical Pharmacology e adequada as normas da revista.
Ainda, neste capitulo encontram-se as referéncias da integra do manuscrito e também o
Apéndice I, referente ao comprovante de submissdo do Manuscrito 1.

O Capitulo 11 se refere ao artigo experimental executado durante o curso do mestrado,
Manuscrito 1, que serd submetido a revista Purinergic Signalling e adequado as normas da
revista. Ainda, neste capitulo encontram-se as referéncias da integra do manuscrito e também o
Apéndice 11, referente ao parecer do Comité de Etica em Pesquisa da Universidade Federal de

Mato Grosso do Sul.
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CAPITULO |
1. Introducgéo

O contraceptivo oral combinado é um dos métodos contraceptivos de maior adesdo no
Brasil (GUPTA; PRABHAKAR; WAIRKAR, 2022). Esses medicamentos sdo compostos pela
associacdo de um componente estrogénico, normalmente o etinilestradiol (EE), e por um
componente progestdgeno (GOLOBOF; KILEY, 2016) e, de acordo com o progestageno, 0s
contraceptivos orais combinados sdo classificados por geracGes (PLU-BUREAU et al., 2013).
Desde a sua popularizagdo, contraceptivos orais combinados sdo associados a condicdes
adversas dos sistemas cardiovascular e circulatério, principalmente com eventos
tromboembdlicos (DOUXFILS et al., 2020).

Dentre os mecanismos de interferéncia dos contraceptivos combinados na hemostasia
estdo o aumento dos niveis circulantes de fatores de coagulacdo, como do fator VII (KLUFT;
LANSINK, 1997); a redugdo de fatores anticoagulantes, como desenvolvimento de resisténcia
a proteina C (PC) (TCHAIKOVSKI et al., 2007) e interferéncia no sistema fibrinolitico
(DOUXFILS et al., 2020).

Ha& divergéncias sobre qual seria o componente dos contraceptivos orais combinados
responsavel pela interferéncia nos parametros hemostaticos. Desde a popularizacdo desse
método contraceptivo, acredita-se que o estrogénio seja o principal responsavel pelos efeitos
observados na hemostasia (BELICOVA et al., 2003). Na literatura, encontram-se evidéncias de
gue contraceptivos orais combinados com progestagenos de terceira geracdo, como desogestrel
e gestodeno, estdo mais relacionados a ocorréncias de condicBes adversas do sistema
circulatorio (MARTINEZ et al., 2012).

A manutencao da hemostasia depende de inUmeros componentes bioquimicos. Dentre
eles, com especial interesse para este estudo, o sistema purinérgico. Esse sistema é composto
por nucleotideos e nucleosideos purinicos e pirimidinicos, que sensibilizam receptores
purinérgicos de membrana celular. Essas moléculas tém sua concentracdo extracelular
controlada por diferentes enzimas. Nesse trabalho, destaca-se a atividade da enzima E-
NTPDase, responsdvel pela hidrdlise de ATP em ADP e ADP em AMP; da E-5-NT,
responsavel pela hidrolise de ADP em AMP; e da E-ADA, responsavel pela desaminacéo
irreversivel da adenosina (CARDOSO et al., 2021).

Os receptores purinérgicos sdo expressos na superficie de diversas células, tais como
linfocitos e plaquetas (CEKIC; LINDEN, 2016). Os receptores P1, sensibilizados por
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adenosina, desencadeiam respostas anti-agregantes e anti-inflamatérias, enquanto que os
receptores P2X e P2Y, sensibilizados por moléculas como ATP e ADP, desencadeiam em sua
maioria eventos pro-agregantes e pro-inflamatérios, desencadeados comumente pela
mobilizacdo de célcio intracelular (FUENTES; PALOMO, 2015).
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2. Revisao bibliografica

2.1 Contraceptivos hormonais orais

A sintese de hormdnios sexuais femininos com o objetivo de inibir a ovocitagdo em
mulheres se iniciou na década de 1950 e, em 1960, houve a aprovagdo da primeira pilula
contraceptiva comercializada nos Estados Unidos, fazendo com que em 1970 o produto ja
estivesse popularizado. As primeiras formulas de contraceptivos hormonais tinham dosagens
muito altas, que por consequéncia causavam sérios efeitos adversos como aumento da pressao
arterial e trombose venosa. Esse fato levou a uma reformulagédo desses medicamentos, que na
década de 1980 passaram a ter doses menores de hormonios, assim reduzindo seus efeitos
adversos mais sérios (DHONT, 2010).

O contraceptivo hormonal é um dos métodos contraceptivos com maior adesdo no
Brasil, tanto por conta de sua praticidade de uso, quanto pela eficacia e seguranca (GUPTA;
PRABHAKAR; WAIRKAR, 2022). A contracepcao hormonal ainda é usada como uma forma
de tratar desequilibrios hormonais tais como problemas dermatologicos (acne), em casos de
cllicas (GUPTA; PRABHAKAR; WAIRKAR, 2022) e no tratamento da sindrome de ovario
policistico (AL KHALIFAH et al., 2021; VRBIKOVA; CIBULA, 2005).

Métodos contraceptivos sdo categorizados por diferentes mecanismos para evitar a
ovocitacdo, fertilizacdo ou a implantacdo do embrido na mucosa uterina (RIVERA;
YACOBSON; GRIMES, 1999). Ha uma grande variacdo na composicdo e na via de
administracdo entre os contraceptivos hormonais, além de diferencas farmacocinéticas e
farmacodindmicas. Além disso, a possibilidade de trocas frequentes entre estes métodos
contraceptivos desperta a curiosidade da comunidade cientifica a respeito das possiveis

consequéncias no organismo das usuarias (ACHILLES et al., 2020).

2.1.1 Contraceptivos orais

De forma geral, ha dois tipos de contraceptivos orais: 0s ndo combinados, compostos
apenas por progestagenos (minipilulas); e os combinados, que tém formulagdes variadas
associando estrogénio a progestagenos. Neste caso, 0 componente progestageno tem a fungéo
principal de impedir a ovocitacdo, enquanto o estrogénio tem funcdo principal de regularizar o
ciclo menstrual por conta da estabilizacdo da dose hormonal (GOLOBOF; KILEY, 2016).
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As pilulas contraceptivas ainda sdo classificadas por geracdes, de forma correspondente
com 0 componente progestdgeno e a dose do componente estrogénico. S&o consideradas de
primeira geracdo as pilulas que contém uma alta dose de estrogénio (maior ou igual a 50 pg),
geralmente o etinilestradiol (CREININ; JENSEN, 2020) ou mestranol, e noretinodrel,
noretindrona ou diacetato de etinodiol como progestageno (GOLOBOF; KILEY, 2016). As
pilulas de segunda geracdo apresentam uma reducdo na dose do componente estrogénico
comparadas a primeira gera¢do (de 50 a 35 ug) (CREININ; JENSEN, 2020; GOLOBOF;
KILEY, 2016) e, nestas, ocorre 0 estabelecimento do etinilestradiol como principal componente
estrogénico, juntamente com levonorgestrel ou noretisterona como componentes
progestagenos. As pilulas de terceira geracdo contém gestodeno, desogestrel (GOLOBOF;
KILEY, 2016) ou norgestimato (CREININ; JENSEN, 2020) como componente progestageno,
podendo ou ndo estar associado ao etinilestradiol. Por fim, existem pilulas mais modernas que
contém como componente progestdgeno a drospirenona, acetato de nomegestrol, acetato de
ciproterona ou dienogest, associado ou ndao a um estrogénio (GOLOBOF; KILEY, 2016).
Contudo, ainda ha divergéncias quanto a existéncia de uma quarta geracdo, derivadas de
testosterona que apresentam um efeito antiandrogénico maior comparadas a outros
progestagenos (PLU-BUREAU et al., 2013). Com o objetivo de contracepcao, a dose hormonal
necessaria para impedir a ovocitacao é constante, porém, os progestagenos sofreram mudancas
apenas de composi¢cdo quimica, assim caracterizando diferentes tipos (GOLOBOF; KILEY,
2016).

Parte da adesdo dos contraceptivos orais combinados no Brasil se d& por uma ampla
distribuicio pelo Sistema Unico de Saude (SUS), onde a maioria contém etinilestradiol
associado a progestagenos como norgestrel e levonorgestrel de segunda geracao, e desogestrel
e gestodeno de terceira geracdo (MINISTERIO DA SAUDE, 2017).

Os contraceptivos hormonais orais combinados contendo dois hormdnios sintéticos
atuam de forma semelhante aos hormdnios naturalmente produzidos pelos ovarios (RIVERA,
YACOBSON; GRIMES, 1999). Esse método ¢ considerado eficaz, com taxa de falha em até
0,3% dos casos. Porém, pode chegar a 9% de falha em uso continuo habitual (DRAGOMAN,
2014; TRUSSELL, 2011). Contudo, a efetividade do método depende de seu uso correto e pode
ter sua acdo interrompida por interagdo medicamentosa em virtude do uso de outros farmacos,
tais como alguns antibidticos, e em virtude de condi¢cbes como vomitos e diarreia (DHONT,
2010).
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O sistema enddcrino ¢ responsavel pelo controle de diversas funcdes bioldgicas. Em se
tratando de hormonios presentes nos contraceptivos, os efeitos almejados ou adversos
dependem da composicdo da formula e da dose. No que diz respeito ao estrogénio, sua dose
excessiva pode causar dismenorreia, alto fluxo menstrual, sensibilidade mamaria, aumento das
mamas, aumento de peso, nduseas e vomitos, supressao da lactagdo, dores de cabeca, cloasma,
irritabilidade e reducéo da libido, enquanto seu déficit pode causar a redu¢éo do fluxo menstrual
e spotting®. Ja o progestageno em altas doses pode causar efeitos na pele, tais como acne ou
excessiva producdo de 6leo pelas glandulas sebaceas, irritabilidade, menstruacdo de curta
duracdo, nervosismo e ictericia colestatica?. O déficit de progestageno, por sua vez, pode
resultar em hemorragia prolongada, spotting, fluxo menstrual elevado, dismenorreia e atraso no
inicio do ciclo menstrual (SHOUPE; MISHEL JR, 2006).

E possivel encontrar na literatura um volume substancial de pesquisas que demonstram
a relacdo entre o uso de contraceptivos hormonais orais e doencas tromboembdlicas
(ACHILLES et al., 2020; DOUXFILS et al., 2020; FRUZZETTI; CAGNACCI, 2018; KLUFT
etal., 2017; ROCHA; VIEIRA; DOMINATO, 2021).

2.1.2 Contraceptivos orais e sistema hemostatico

A hemostasia € um conjunto de mecanismos responsaveis pela manutencdo do fluxo
sanguineo no interior dos vasos, evitando eventos tromboticos e hemorragicos (REZENDE,
2010). O sistema circulatério é responsavel pelo transporte e distribuicdo das moléculas e
nutrientes pelo organismo e seu funcionamento é dependente de varios mecanismos
responsaveis pela manutencdo do sangue, em seu estado fluido, dentro da rede de vasos
sanguineos que formam o sistema cardiovascular. O sistema hemostatico é formado pelas
plaquetas, vasos sanguineos, fatores de coagulacdo, anticoagulantes e o sistema fibrinolitico
(VIEIRA; OLIVEIRA; SA, 2007). Em caso de lesdo nos vasos, a prevencio e estancamento de
sangramentos é feita por meio de adesdo e recrutamento de plaquetas, que promovem a
formacdo do tampdo hemostatico temporario, que posteriormente é reforcado pela acdo da
fibrina, promovendo a coagulacdo (SALLES et al., 2008).

Para que a hemostasia seja estabelecida, € importante a integridade dos vasos

sanguineos, promovida pela presenca de proteinas plasmaticas pro-coagulantes,

1 sangramento de escape que ocorre fora da época do fluxo menstrual normal.
2 Pele e mucosas com coloracdo amarelada, causada por excesso de bilirrubina.
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anticoagulantes e do sistema fibrinolitico, e ainda que as plaquetas estejam em nimero ideal e
funcionais (LIMA et al., 2017). Faz parte da hemostasia uma agregacao plaquetaria eficiente
em resposta ao dano vascular, sendo que enquanto a coagulacao promove a interrup¢ao da perda
sanguinea, a fibrindlise remove a fibrina formada em excesso, fazendo com que o sangue volte
a fluir no vaso, em equilibrio dindmico (CAGNOLATI et al., 2007).

A relacdo entre contraceptivos orais e o sistema cardiovascular € muito discutida por
conta da expressao de receptores de estrogénio e progesterona nas células endoteliais (BRITO;
NOBRE; VIEIRA, 2011; MORIARTY; KIM; BENDER, 2006; RIBEIRO et al., 2018), o0 que
facilita a absorcdo destes hormdnios e, consequentemente, o risco de condigdes patogénicas,
comprometendo o funcionamento do sistema circulatério (BRITO; NOBRE; VIEIRA, 2011).

2.2 CondicBes tromboembolicas

Um dos principais efeitos adversos do uso de contraceptivos hormonais € o
desenvolvimento de condicdes tromboembolicas, decorrente do desequilibrio hemostéatico
proveniente do efeito dos horménios sintéticos na hemostasia, principalmente, da criacdo de
um microambiente prd-coagulante. A coagulacdo é um importante mecanismo do organismo
para manutencéo da integridade dos vasos sanguineos. E realizada por um grupo de proteinas
plasméticas (fatores de coagulacdo) que, em reacdo cascata, convertem moléculas de
fibrinogénio plasmatico em fibrina, formando assim um trombo. A cascata de coagulacdo pode
ocorrer pela via intrinseca, iniciada por elementos ja presentes no sangue, e a via extrinseca,
que se inicia por conta de uma leséo tecidual (MELO et al., 2006).

A cascata de coagulacédo por via intrinseca ocorre quando ndo ha uma lesédo endotelial.
Ocorre contato entre o colageno presente no tecido conjuntivo da camada subendotelial da
parede do vaso com os fatores de coagulacdo presentes no plasma. J& a cascata de coagulacdo
por via extrinseca se da quando ocorre extravasamento sanguineo em virtude da lesdo endotelial
e também a ativacdo do fator tecidual, presente nos tecidos extravasculares. Ocorre a intersecdo
entre as vias, iniciando assim a via comum, com uma sequéncia de ativacbes de fatores de
coagulagdo em cascata na presenca de Ca?*, gerando fibrina que adere as plaquetas ativadas,
tambem ativando mais plaquetas (FRANCO, 2001; GUERRA; ROSENFELD, 2002; MELO et
al., 2006).

Apo0s a agregacdo, as plaquetas liberam granulos com fatores ativos que promovem
viscosidade, aderindo-se ao colageno dos tecidos (GUYTON A. C., 2011), também secretam
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outros produtos pré-agregantes, como ATP e ADP, que interagem com outras plaquetas no
plasma, aumentando assim o agregado plaquetario. Dessa forma, o agregado plaquetario com a
fibrina integrada formam um tampdo hemostatico solido, que impede o0 extravasamento
sanguineo (COTRAN; KUMAR; COLLINS, 2000).

A condicdo trombdtica consiste na formagdo de um trombo por conta do processo de
coagulagdo exacerbado, no interior dos vasos sanguineos, que acaba por causar a oclusdo total
ou parcial de um vaso. Essa condicdo pode causar inchaco, dor e rigidez da musculatura, além
da elevacdo da temperatura local. Pode acontecer em todo o organismo, contudo sdo mais
comuns em membros inferiores (BARUZZI et al., 1996; SOUSA; ALVARES, 2018; VEIGA
et al., 2013). A condicdo de trombose venosa profunda (TVP) ocorre quando os trombos
formados no sistema circulatério atingem o sistema venoso profundo (PADOVAN; FREITAS,
2015). A TVP associada a embolia pulmonar denomina-se tromboembolismo venoso (TEV),
que se d& quando ocorre o desprendimento do trombo no vaso sanguineo, que circula pelo
organismo até se alojar no pulméao (BELICOVA et al., 2003). Trombose pode ocorrer também
nas veias cerebrais, caracterizando trombose venosa cerebral (TVC) (CALLAI et al., 2017). A
trombose no cérebro é uma condicdo rara, intensificada pelo prejuizo da drenagem venosa
cerebral por conta da presséo intracraniana, podendo muitas vezes causar consequéncias fatais
(ROCHA; VIEIRA; DOMINATO, 2021).

Ainda, a coagulacao é regulada por uma série de fatores anticoagulantes, como o fator
tecidual (TFPI), antitrombina, PC e proteina S (PS) (GUERRA; ROSENFELD, 2002; MELO
et al., 2006), que agem em diferentes pontos da cascata para impedir um possivel estado pro-
coagulante no microambiente vascular. O desenvolvimento de codgulos pode ocorrer de forma
assintomatica e temporaria (BELICOVA et al., 2003) em periodos transitorios, como
hospitalizacGes e pos-operatorios ou fatores de risco como idade, tabagismo e obesidade
(BRAGA; VIEIRA, 2013; CALLAI et al., 2017). Também, existe um sistema fibrinolitico com
proteinas que degradam a fibrina ja integrada, formando produtos de degradagédo de fibrina
(PDF), como o ativador tecidual do plasminogénio (t-PA), al-antiplasmina ¢ o2-
macroglobulina (LIMA et al., 2017).

Doencas do sistema circulatorio estdo associadas ao uso de contraceptivos hormonais
orais. Na literatura consta que 0 uso de contraceptivos orais combinados pode aumentar em até
4 vezes o risco do desenvolvimento de trombose. Contudo, a estimativa ainda é de que 7 a cada
10.000 mulheres por ano desenvolvem a condi¢do em decorréncia do uso de contraceptivos
hormonais (HEIT et al., 2004; SITRUK-WARE, 2016).

21



2.3 Contraceptivos orais e condi¢des tromboembolicas

Os progestagenos sdo relatados como um componente para equilibrar os efeitos
trombdticos promovidos pelo estrogénio, principalmente em relacdo a sintese de proteinas
hepéticas, ou na inibicéo da proteina C ativada (APC) causada pelo estrogénio (MARTINEZ et
al., 2012; ROSING; TANS, 1999). Os efeitos causados pelo etinilestradiol na hemostasia
podem ser atenuados ou acentuados pelo progestageno da composicdo. Em virtude disto,
diferentes formulacGes de contraceptivos combinados podem ter diferentes efeitos, favorecendo
a atividade coagulante ou fibrinolitica, de diferentes formas (KUHL, 1996). Também, um dos
mecanismos relacionados ao aumento do risco de TEV esta ligado ao desenvolvimento de
resisténcia a APC (TCHAIKOVSKI et al., 2007), além da reducdo dos niveis de atividade da
PS (DOUXFILS et al., 2020). A reducdo da sensibilidade plasmatica a APC é uma tendéncia
em decorréncia do uso de contraceptivos hormonais combinados. A APC na presenca do cofator
PS, impede a cascata de coagulacdo inibindo os fatores coagulantes V e VIII de forma que o
efeito da trombina é regulado negativamente (DIELIS et al., 2008; MOHAMED et al., 2018).

Também h& evidéncias de que o0s contraceptivos orais induzem aumento do
plasminogénio, do t-PA, além de complexos plasmina-antiplasmina e de produtos de
degradacdo da fibrina, com efeito antitrombético, embora isto ndo esteja associado a atividade
de fibrindlise (DOUXFILS et al., 2020; KLUFT; LANSINK, 1997). Também é confirmado que
contraceptivos que levam como progestageno levonorgestrel (segunda geracdo) ou o
desogestrel (terceira geracdo) aumentam os niveis do fragmento de protrombina 1+2, um
marcador de formacdo de trombina (DOUXFILS et al.,, 2020; MIDDELDORP, 2013;
WIEGRATZ; KUHL, 2006).

Na presenca de etinilestradiol, progestagenos de terceira geracdo sdo menos eficazes na
neutralizacdo do efeito pro-trombotico (KEMMEREN et al., 2002). Embora o fator VII ndo
tenha uma relacao elucidada com a condicdo de TEV, € um marcador para o infarto agudo do
miocardio (KOSTER et al., 1994). O efeito das diferentes geracdes de progestagenos no nivel
do fator VII pode estar relacionado com a coagulagdo pela via extrinseca, evidenciando um
maior risco de desenvolvimento de TEV (KEMMEREN et al., 2002). Os progestagenos de
terceira geracdo, quando comparados com os de segunda geracéo, possuem um efeito mais

pronunciado na reducdo do fator V. Este fator possui propriedades anticoagulantes, pois é
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cofator da PC ativada que atua na inativacdo do fator Villa (KEMMEREN et al., 2002;
MIDDELDORP, 2013).

Os progestagenos orais de terceira geracdo gestodeno e desogestrel possuem maior risco
associado ao desenvolvimento de TEV quando comparados com o levonorgestrel (MARTINEZ
et al., 2012). Em virtude disto, considera-se contraceptivos combinados contendo
levonorgestrel, um progestdgeno de segunda geracdo, mais indicado para usuarias com fatores
de risco e historico de doencas tromboembdlicas (BLONDON, 2020).

Desde os primeiros contraceptivos orais, 0 estrogénio foi considerado o principal fator
responsavel pelos eventos tromboembolicos (BELICOVA et al., 2003). A associacdo da
trombose com o0 uso de contraceptivos esta ligada principalmente ao uso do etinilestradiol, um
estrégeno que tem efeito positivo em uma série de fatores pro-coagulantes tais como a trombina;
os fatores VII, VIII, X, XI, XII e XIII; e o fibrinogénio. Ainda, o etinilestradiol pode diminuir
os fatores anticoagulantes PS e antitrombina, o que causa um efeito pré-trombotico ainda maior
(DOUXFILS et al., 2020).

Também ja foi descrita a atuacédo do etinilestradiol na reducéo dos inibidores naturais
da coagulacdo. O etinilestradiol prejudica a ativacdo da PC, o que causa resisténcia adquirida a
APC. Em contraponto, hd evidéncias de que os contraceptivos podem causar um ligeiro
aumento na atividade e concentracdo da PC. Contudo, este aumento é suprimido pela indugéo
de atividade dos inibidores o1-antitripsina e a2-macroglobulina, juntamente com o decréscimo
do cofator PS (DOUXFILS et al., 2020; HORNE et al., 1971; KHIALANI; ROSENDAAL;
VLIEG, 2020; TCHAIKOVSKI et al., 2007). A PS possui atividade anticoagulante dependente
da vitamina K, sendo inibida pelos fatores de coagulagdo Va, Vlla e Va, e funcionando como
cofator da PC (CASTOLDI; HACKENG, 2008). A antitrombina, inibidor primario da trombina
e fatores lla, 1Xa, Xa, Xlae Xlla, impede a associag¢do do fator VIla com o fator tecidual, e tem
seus niveis diminuidos pelos contraceptivos (MAZHAR et al., 2021).

O etinilestradiol ainda pode aumentar a atividade fibrinolitica do plasma sanguineo. Ha
evidéncias de que o etinilestradiol induz aumento do plasminogénio, também do ativador
tecidual do plasminogénio, além de complexos plasmina-antiplasmina e de produtos de
degradacdo da fibrina, com efeito antitrombotico, embora isto ndo esteja associado a atividade
de fibrinolise (KHIALANI; ROSENDAAL; VLIEG, 2020; KLUFT; LANSINK, 1997;
TCHAIKOVSKI et al., 2007). Todos os efeitos pro-coagulantes associados ao etinilestradiol
podem estar associados ao forte efeito estrogénico causado pelo mesmo na fungdo hepética e
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endotélio-vascular, podendo esta ser a base do risco aumentado de desenvolvimento de
condicBes tromboembdlicas associadas a este estrogénio (KLUFT et al., 2017).

A acdo pro-coagulante do etinilestradiol motivou pesquisas para o desenvolvimento de
novos estrogénios sintéticos, sendo assim desenvolvidos o estradiol valerato (E2V) e 0 17-
Bestradiol (17p-E2), usando estradiol (estrogénio natural) na sua composi¢cdo no lugar do
etinilestradiol (AGREN et al., 2011; GAUSSEM et al., 2011). Ha estudos que sugerem que
essas formulacdes carregam o mesmo risco ao desenvolvimento de TEV que o etinilestradiol,
causando alteracbes nos mesmos parametros hemostaticos observados pelo estrogénio
tradicional (DINGER; DO MINH; HEINEMANN, 2016; KHIALANI; ROSENDAAL;
VLIEG, 2020; RAPS et al., 2013).

Outro estrogénio desenvolvido recentemente é o esterol sintético (E4), que apresenta
efeitos reduzidos nos padrbes de hemostasia (KLUFT et al., 2017). Embora existam evidéncias
de sua relacdo com o aumento do plasminogénio e fragmento 1 + 2 da protrombina
(DOUXEFILS et al., 2020), ele ainda representa um impacto muito fraco nos marcadores de
fibrindlise. A minima interferéncia desse estrogénio na maioria dos parametros hemostaticos
esta relacionada principalmente a sua menor acao no figado, onde ocorre a sintese dos fatores
de coagulacdo e anticoagulantes (ABOT et al., 2014; DOUXFILS et al., 2020).

2.4 Sistema purinérgico

A causa principal do desenvolvimento de condi¢des tromboembolicas associadas ao uso
de contraceptivos hormonais € a mudanca nos parametros hemostaticos. Sabe-se da importancia
da hemostasia para a estabilidade dos vasos sanguineos, que realiza a manutencao de algumas
funcBes fundamentais para o funcionamento do organismo (LIMA et al., 2017). O sangue é
constituido por duas partes, sendo o plasma (parte liquida, constituida por diversas proteinas) e
glébulos sanguineos (células suspensas). A populacdo de globulos do sangue é formada por
plaquetas, eritrocitos e diferentes tipos de leucécitos. A funcéo linfocitaria é fornecer a primeira
linha de defesa do organismo contra corpos invasores e extravasamento sanguineo, por meio
dos leucdcitos que atravessam a parede de capilares e vasos sanguineos por diapedese para se
concentrarem em tecidos atacados ou lesionados (VIEIRA; OLIVEIRA; SA, 2007).

O recrutamento plaquetario, além da divisdo e ativacdo de leucdcitos, € dependente de
moléculas purinérgicas como ATP, ADP, AMP e adenosina, responsaveis pela manutencao de

diversas outras func@es celulares. O ATP, um nucleotideo derivado de uma base nitrogenada
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parica, é encontrado em todos os sistemas e 6rgdos de animais, responsavel pela manutencédo
de mecanismos tanto no meio intracelular quanto extracelular. No meio extracelular, portanto,
0 ATP exerce um importante papel como molécula sinalizadora do sistema purinérgico
(YEGUTKIN, 2008). Essa sinalizacdo, denominada sinalizacdo purinérgica (Figura 1), é
composta por nucleosideos e nucleotideos (atuam como mediadores extracelulares), diferentes
receptores sao ativados por estes mediadores, e também ectoenzimas responsaveis por regular
0s niveis extracelulares das moléculas mediadoras (YEGUTKIN, 2008). A hidrélise de
nucleotideos no meio extracelular € importante para a manutencéo de sua concentracdo ideal,
de acordo com a condi¢cdo do microambiente respectivo. A sensibilizagdo de receptores é
dependente da concentracdo de moléculas mediadoras presentes no meio extracelular,
desencadeando as respectivas cascatas, visando o estabelecimento da homeostasia ou de alguma
condicdo patogénica (BURNSTOCK, 2018).
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Figura 1. Principais enzimas e familias de receptores do sistema purinérgico. E-NTPDase: ectonucleosideo
trifosfato difosfohidrolase; E-5°-NT: ecto-5"nucleotidase; E-ADA: (ecto-adenosina desaminase); ATP (adenosina
trifosfato); ADP (adenosina difosfato); AMP (adenosina monofosfato); ADO (adenosina) INO (inosina). Fonte:
Bruna Pache Moreschi.

No meio extracelular, o ATP e o ADP sé&o hidrolisados em AMP por enzimas de
superficie de membrana plasmatica, denominadas ectonucleotidases. Dentre essas ectoenzimas,
a ecto-nucleosideo trifosfato difosfohidrolase (E-NTPDase/CD39; E.C. 3.6.1.5), a fosfatase
alcalina (ALP) e a ectonucleotideo pirofosfatase/fosfodiesterase (E-NPPs) possuem funcdo de
hidrélise de trifosfatos e difosfatos de nucleotideos em monofosfatos de nucleotideos, com a
liberacéo de fosfato inorganico (Pi) no meio. O AMP, um monofosfato de nucleotideo purinico,
¢ decomposto em adenosina (ADO) pela acdo hidrolitica da ecto-5’-nucleotidase (E-5’-
NT/CD7; E.C 3.1.3.5), também liberando Pi. Por fim, a acdo hidrolitica da ecto adenosina
desaminase (E-ADA; E.C 3.5.4.4) decomp®e a ADO, liberando inosina (INO) e am6nia (NHz)
no meio (Figura 1) (ZIMMERMANN, 2000).

O sistema purinérgico é importante para a manutencdo da homeostasia, visto que 0s

receptores purinérgicos estdo envolvidos em diversas fungdes celulares. Receptores P2X estdo
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envolvidos na mobilizagdo e proliferagdo celular, enquanto receptores P2Y promovem a
agregacao celular. No geral, o metabolismo de receptores P2X e P2Y, ativados por ATP e ADP,
estdo ligados a uma resposta pro-inflamatoria e pro-agregante. Por sua vez, os receptores P1,
ativados por ADO, estao relacionados a um metabolismo anti-inflamatorio e anti-agregante
(CEKIC; LINDEN, 2016).

2.4.1 Enzimas

O sistema purinérgico é responsavel pela cascata de biossinalizacdo em resposta a
concentracdo de nucleotideos e nucleosideos de purinas e pirimidinas no meio extracelular.
Essa hidrélise é feita por enzimas de membrana, organelares e sollveis, responsaveis pelo
controle da concentracdo desses sinalizadores, por meio da hidrolise de trifosfatos, difosfatos e
monofosfatos de nucleotideos em nucleosideos e seus derivados (Quadro 1) (CARDOSO et al.,
2021).
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Quadro 1. Principais familias de enzimas do sistema purinérgico, localizacdo, isoformas, substratos e produtos.

Familia Localizagéo Isoformas Substratos Produtos
| I | | I}
NTPD Transmembranar  ecto-nucleotideo trifosfato difosfatase 1/E-NTPDase 1 NTP, NDP  NDP, NMP,
Pi
ecto-nucleotideo trifosfato difosfatase 2/E-NTPDase 2 NTP NDP, NMP,
Pi
ecto-nucleotideo trifosfato difosfatase 3/E-NTPDase 3 NTP, NDP  NDP, NMP,
Pi
ecto-nucleotideo trifosfato difosfatase 8/E-NTPDase 8 NTP NDP, NMP,
Pi
| ] I |
Organelar nucleotideo trifosfato difosfatase 4/NTPDase 4 NTP, NDP  NDP,
NMP, Pi
nucleotideo trifosfato difosfatase 5/NTPDase 5 ATP,NDP ADRP,
NMP, Pi
| ] I |
Citosélica nucleotideo trifosfato difosfatase 6/NTPDase 6 NDP NMP, Pi
nucleotideo trifosfato difosfatase 7/NTPDase 7 NTP NDP, NMP,
Pi
| ] ] I |
5’NT Transmembranar  ecto-5’-nucleotidase/eN AMP ADO, Pi
| ] ] |
Organelar 5°(3”)-deoxiribonucleotidase mitocondrial/mdN dTMP5’, Timina,
dUMP5’, Uracila, Pi
dTMP3’,
UMP3’
| ] I |
Citosélica 5’-nucleotidase citosolica IA/cN-1A NMP Nucleosideo,
Pi
5’-nucleotidase citosolica IB/cN-1B NMP
5’-nucleotidase citosolica I1/cN-11 NMP
5’-nucleotidase citosélica I11/cN-111 NMP
5°(3”)-deoxiribonucleotidase citosélica /cdN NMP
| ]
ADA Transmembranar adenosina desaminase transmembranar 1/E-ADA ADO INO, NH3
|
Citosélica adenosina desaminase citosdlica 1/ ADA1 ADO INO, NHs
adenosina desaminase citosélica 2/ ADA2 ADO INO, NHj3

AMP (adenosina monofosfato); ADO (adenosina); INO (inosina); NTP (nucleotideo trifosfato), NDP
(nucleotideo difosfato); NMP (nucleotideo monofosfato) dTMPS’ (timina 5’-monofosfato); dUMPS’
(desoxiuridina 5’-monofosfato); dTMP3’ (timina 3’-monofosfato); UMP3 (uridina 3’-monofosfato); NHs

(aménia). Referéncias: ROBSON; SEVIGNY; ZIMMERMANN, 2006; SCHETINGER et al., 2007; GIUSTI,

1974; VAN DER WEYDEN; KELLEY, 1976; CRISTALLI et al., 2001.
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2.4.1.1 NTPDase

As E-NTPDases hidrolisam nucleotideos trifosfatos e difosfatos em nucleotideos
difosfatos e monofosfatos, respectivamente. Nesta familia de enzimas, destacam-se a hidrdlise
de ATP em ADP e a hidrélise de ADP em AMP (ZIMMERMANN; ZEBISCH; STRATER,
2012). As NTPDases compartilham as sequéncias de regiGes em sua estrutura primaria
denominadas de regiGes conservadas de apirase, sendo 4 delas proteinas transmembrana (E-
NTPDase 1, 2, 3 e 8) e 4 com localizacdo intracelular (NTPDase 4, 5, 6 e 7). Além disso, estas
diferentes isoformas possuem afinidades distintas aos nucleotideos e dependéncia de ions
metélicos distintos (DWYER et al., 2007).

Dentre as isoformas, as NTPDases de superficie de membrana (ecto-NTPDases/E-
NTPDases) sdo as mais estudadas, em especial a E-NTPDase 1 (CD39) (ZIMMERMANN,
2000). A E-NTPDase 1 humana apresenta em sua estrutura 510 aminoacidos, dentre eles 11
residuos de cisteina e 7 sitios de N-glicosilacdo. Estruturalmente, a enzima apresenta uma
regido voltada para o meio extracelular, duas regides transmembranares e uma regido voltada
para o citoplasma (ALLARD et al., 2016; ZHAO et al., 2022).

As propriedades cataliticas podem variar entre as isoformas de acordo com os sais de
Mg?* e Ca®" do substrato, em concentragdo milimolar. Também, é necessario pH extracelular
entre 7,0 e 8,0. Elas hidrolisam nucleotideos trifosfatos, enquanto a capacidade de hidrélise de
nucleotideos difosfato varia de acordo com as isoformas (ZIMMERMANN; ZEBISCH,;
STRATER, 2012). Em se tratando de nucleotideos purinicos, a isoforma E-NTPDase 1 possui
afinidade semelhante para ATP e ADP, enquanto as E-NTPDases 3 e 8 possuem maior
afinidade por ATP. Por fim, a E-NTPDase2 ¢ considerada E-ATPase por possuir afinidade
apenas por ATP (DWYER et al., 2007).

24.1.25-NT

As aclOes NTPéasica e NDPasica da E-NTPDase aumentam a concentracdo de NMP no
meio extracelular. As 5’-NT hidrolisam os desoxirribonucleosideos 5'-monofosfatos, clivando
seu Unico grupo fosfato e liberando o respectivo nucleosideo no microambiente extracelular. A
familia das 5’-NT é composta por enzimas homodiméricas, dependente de Zn?* e Mg?* com 7

diferentes isoformas isoladas e caracterizadas em humanos, sendo 1 transmembranar com Seu
29



sitio catalitico voltado para o meio extracelular (ecto-5’-nucleotidase/eN), uma localizada na
matriz mitocondrial (5°(3’)-deoxiribonucleotidase mitocondrial/mdN) e 5 sollveis no
citoplasma (5’-nucleotidase citosolica IA/CN-IA; 5’-nucleotidase citosolica IB/cN-IB; 5°-
nucleotidase  citosdlica  IlI/cN-II;  5’-nucleotidase  citosolica  II/cN-III;  5°(3)-
deoxiribonucleotidase citosolica/cdN). Estas isoformas apresentam massa molecular de 60 a 80
kDa, sendo as transmembranares ancoradas na membrana por um glicofosfatidilinositol (GPI)
com suas subunidades glicoproteicas unidas por ligacdes dissulfeto (HUNSUCKER;
MITCHELL; SPYCHALA, 2005).

A E-5’-NT possui maior afinidade pelo AMP, sendo a principal fonte de ADO
extracelular (ZIMMERMANN; ZEBISCH; STRATER, 2012). Ainda, sabe-se que 0 ATP e 0
ADP exercem inibicdo competitiva com o AMP pelo sitio catalitico da E-5’-NT. Essa ligacéo
ndo promove acao catalitica, porém pode afetar a manutencdo dos niveis de ADO no
microambiente (JAMES; RICHARDSON, 1993).

2.4.1.3 ADA

A ADO também é importante para a manutencdo de diversas funcdes fisioldgicas e
patoldgicas. As enzimas inativadoras deste nucleosideo sdo conjuntamente designadas de
adenosina desaminase (ADA), que tém pelo menos 3 isoformas descritas em humanos: ADA
1, ADA 2 e ADA - complexo proteico (ADAcp) (CORDERO et al., 2001). Enquanto as 5’NT
sdo as principais fornecedoras de ADO (ZIMMERMANN; ZEBISCH; STRATER, 2012), as
ADA s&o as principais reguladoras dos niveis deste nucleosideo no meio extracelular (KALJAS
et al., 2017). A ADA catalisa a desaminacdo da ADO em inosina (INO) e amonia (NH3), e da
2’-desoxiadensina (dADO) em desoxiinosina (dINO) e NHa. A isoforma ADA 1, monomérica
com massa de 41 kDa, foi constatada inicialmente imersa no citoplasma, contudo,
posteriormente foi descoberta uma enzima ADA 1 ancorada na membrana por um dimero da
ADACp, nomeada ecto-adenosina desaminase (E-ADA) (CORDERO et al., 2001).
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2.4.2 Receptores purinérgicos

Enquanto as enzimas purinérgicas controlam a concentracdo de nucleotideos e
nucleosideos nos meios extra e intracelular (CARDOSO et al., 2021), os receptores
purinérgicos desencadeiam cascatas bioldgicas apds serem sensibilizados por essas moléculas
(BURNSTOCK, 2018). Os receptores purinérgicos sao responsaveis pela manutencdo de
diversas funcdes celulares, tais como proliferacdo, diferenciacio e morte celular
(BURNSTOCK; VERKHRATSKY, 2010). Consequentemente estdo envolvidos nas mais
variadas fungdes bioldgicas, tais como respostas imunes, inflamacéo, secre¢do endocrina e
exocrina, dor, agregacdo plaquetéria e vasodilatacdo (BURNSTOCK, 2006). Ademais, esses
receptores também estdo envolvidos no funcionamento de diversas doencas vasculares,
cardiacas e imunes (HUANG et al., 2021), sendo de forma paracrina ou autécrina.

Atualmente a classificacdo dos receptores purinérgicos é feita pela distribuicdo em duas
grandes familias: P1 e P2. Na familia P1 estdo os receptores de adenosina, que sao receptores
acoplados a proteina G (GPCR) (Quadro 2) e sdo divididos nas subfamilias A1, A2a, Azs € Aas.
A familia P2 é dividida em duas subfamilias: P2X, que sdo receptores ionotrépicos, se subdivide
em receptores P2Xy, P2Xz, P2X3, P2X4, P2Xs, P2Xs € P2X7, que séo ativados exclusivamente
pelo ATP; e a subfamilia P2Y, com os receptores P2Y1, P2Y2, P2Y4, P2Ys, P2Y11, P2Y12,
P2Y13 e P2Y14, 0s quais também sdo receptores do tipo GPCR e sdo ativados principalmente
pelos nucleotideos ATP, ADP, UTP e UDP (BURNSTOCK, 2018).
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Quadro 2. Receptores purinérgicos acoplados & proteina G, ligante e resposta respectiva.

Familia Receptor Proteina G Resposta Ligante
| | | | | 1
P1 A Gi T[Ca?]; ADO
Azp Gs L[Ca%; ADO
Azs Gs; Gq L[Ca?*];; 1[Ca?]; ADO
Az Gi T[Ca?]; ADO
P2y ' P2Y, ' Gq ' 1[Ca?*]; ' ADP '
P2Y, Gq 1[Ca?; ATP, UTP
P2Y4 Gq 1[Ca2*; uTP
P2Ys Gq 1[Ca?]; UDP
P2Y 11 Gq 1[Ca?); ATP
P2Y12 Gi 1[Ca?; ADP
P2Y13 Gi 1[Ca?; ADP
P2Y 14 Gi 1[Ca?"); UDP-glicose; UDP

[Ca?*i: concentragéo de calcio intracelular; ADO (adenosina); ATP (adenosina trifosfato); UTP (uracila
trifosfato); ADP (adenosina difosfato); UDP (uracila difosfato); UDP-glicose (uracila difosfato-glicose).

As familias de receptores purinérgicos P1 e P2Y possuem estrutura transmembranar
com sete dominios, com sua regido N-terminal para o meio extracelular e C-terminal para o
meio intracelular, com uma alca sustentando a ligacdo a proteina G. Ja a familia P2X séo canais
ibnicos controlados por ATP. S&o responsaveis pela despolarizacdo da membrana plasmatica,
promovendo a entrada de ions Ca?* e Na* e saida do fon K*, além de estimular outros canais de
Ca?* (BURNSTOCK, 2018).
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2.5 Sistema imune e sinalizacdo purinérgica

O sistema imune e suas células desempenham a funcéo de protecdo contra mecanismos
infecciosos, porém, essa protecdo se estende a agentes ndo infecciosos e outras células do
organismo (ABBAS; LICHTMAN; PILLAI, 2023; PRZYBYLA; SAKOWICZ-
BURKIEWICZ; PAWELCZYK, 2018). O nome dado a protecdo promovida pelo sistema
imune é a imunidade. A imunidade de um organismo contra uma doenca infecciosa € dada pelo
conjunto de células com funcdes especificas e vias de sinalizacdo capazes de identificar e
neutralizar uma possivel ameaca as demais vias do organismo. A neutralizacdo de possiveis
agentes infecciosos é feita por uma resposta sequencial e/ou coordenada, iniciada pela entrada
de substancias estranhas, denominada resposta imune (ABBAS; LICHTMAN; PILLAI, 2023).

Denomina-se imunidade inata a defesa promovida pelo sistema imune nas primeiras
horas ou dias ap6s a exposicao do organismo ao agente infeccioso, ou seja, € a primeira via de
defesa. Esta ocorre por meio de mecanismos que agem de forma rapida, por isso ja sdo
existentes antes da infeccdo. Participam da imunidade inata células fagocitarias como
macrofagos e neutrofilos, as células dendriticas, células natural killer e mastécitos (Quadro 3).
A imunidade inata apresenta diversidade baixa, faz o reconhecimento de agentes infecciosos
com base em genes herdados, o que lhe confere memoria celular limitada (ABBAS;
LICHTMAN; PILLAI, 2023).
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Quadro 3. Células participantes da imunidade inata, origem, funcéo e receptores purinérgicos expressos.

Célula participante da Origem Funcéao Receptores purinérgicos
imunidade inata expressos
Az, Aza, Az, As (DESAL,
Linhagem Funcio fagocitariade ~ LEITINGER, 2014), P2Xy, P2Ys,
Macréfagos célula tronco  agentes estranhos e P2X7 (MERZ et al., 2021), P2Y1,
& mieloide células, apresentagdo P22, P2Y4, P2Ys, P2Y 11, P2Y1y,
de antigeno P2Y 13, P2Y14 (KLAVER;
THURNHER, 2021)
Neutrofilos Linhagem  Funcdo fagocitariade A1 A2a, Azs, As, P2Y2, P2Y,,
F & célulatronco  agentes estranhos P2Ys, P2Y11, P2Y14, P2X1, P2Xs,
m@ mieloide P2X7 (WANG; CHEN, 2018)
Células Linhagem Funcdo de Ax(Lletal, 2012), Az
dendriticas @ célula tronco  apresentacéo de (NOVITSKIY et al., 2008), P2X4,
mieloide antigeno para o P2X4, P2X7, P2Y1, P2Y5, P2Ys,
linfécito P2Y11 (FERRARI et al., 2000)
Natural Linhagem  Fungdo de A1, Aza, Az, As(WANG;
killer @ célulatronco reconhecimento e MATOSEVIC, 2018), P2X3, P2X,
linfoide destruicdo de células ~ P2Y1,P2Y2 P2Y1 (BELDI etal.,
com alteracdes 2010)
Mastdcitos Q Linhagem  Fungéo de liberagdo de  As Asa, Azs, A (NISHI;
célulatronco  granulos ap6s PELLEG; SCHULMAN, 2016),
mieloide exposicdo ao antigeno  P2X1, P2X4, P2Y1, P2Y2, P2Y1y,

P2Y 12, P2Y13, (BULANOVA;
BULFONE-PAUS, 2010)

Imagens: Bruna Pache Moreschi.

Quando ocorre falha na eliminacdo de agentes infecciosos nas primeiras barreiras de
defesa da imunidade inata, surge a necessidade de uma barreira imunologica que se adapte ao
tipo de infec¢do em desenvolvimento no organismo. A resposta imune adaptativa é ativada por
antigenos que resistem as barreiras da imunidade inata. As principais células responsaveis pela
manutencdo da resposta adaptativa sdo os linfocitos. Os linfécitos B sdo responsaveis pela
imunidade adaptativa humoral (Quadro 4) (ABBAS; LICHTMAN; PILLAI, 2023).

Outra fungdo importante do sistema imune é a ativacdo, manutencgdo e finalizacdo e
processos inflamatorios. A inflamagdo € composta por uma interagdo entre mediadores soluveis
e células imunes, por meio de um processo de biossinalizagdo. Esse sistema age protegendo o
organismo de estimulos nocivos, de modo a fazer a manutencao da seguranca contra infeccdes,
células danificadas, etc. (PASQUINI et al., 2021).

34



Quadro 4. Linhagens de linfdcitos, local de maturacéo e funcéo.

Linhagem de linfécito  Local de maturacdo  Funcao

Linfécito B Medula 6ssea Apresentacdo de antigeno
(maturacdo parcial) e
tecido linfoide
periférico
(maturacdo final)

Linfécito ThO CD4+ Timo Recrutamento e ativacdo de fagécitos, diferenciacao
em Thl, Th2 e Th17

Linfécito Thl Timo Protecdo contra patdgenos intracelulares
Linfécito Th2 Timo Protecdo contra patégenos extracelulares
Linfécito Th17 Timo Protecdo nas mucosas, contra patdégenos

extracelulares e contribui na inflamacgéo

Linfécito Tc CD8+ Timo Eliminacédo de células infecciosas

Linfécito Tres Timo Supressdo a resposta imune, modulando a expansao
e fungBes de linfocitos Be T

Ademais, a sinalizacdo purinérgica é essencial para a manutencao das respostas imunes
respectivas. Cekic & Linden (2016) destacaram resposta imune desencadeada apés lesdo
tecidual em trés estagios ditados pela sinalizagdo purinérgica, com o tipo e quantidade de
nucleotideos e nucleosideos que medeiam o processo. Nela, ha a liberacdo massiva de ATP
pelas células lesionadas no primeiro estagio, caracterizado pelos primeiros minutos apds dano
tecidual, aumentando a relacdo ATP/ADO. O ATP extracelular promove a ativacdo de
receptores P2, que promovem o recrutamento e ativacdo das células imunes por quimiotaxia.
ApOs este primeiro estagio, ocorre a reducdo da relacdo ATP/ADO por conta da agdo das
ectonucleotidases, que degradam o ATP a seus nucleotideos derivados horas apés o dano
tecidual. Essa reducdo de ATP ativa receptores P1 em células imunes ativadas, pela alta
concentracdo de ADO extracelular, que promove efeitos anti-inflamatorios, assim limitando a
extensdo e duragdo da inflamacao local. Por fim, o terceiro estagio da resposta imune entre 0s
proximos dias e semanas se da pela ativacao de células parenquimatosas do tecido conjuntivo
e macréfagos, por meio dos receptores Azg, que produz uma inflamacéo tecidual persistente de
baixo grau, angiogénese e fibrose.

Alberto e col. (2022) resumiram o papel de receptores purinérgicos P2 em leucocitos e
a importancia de nucleotideos de purina para o funcionamento do sistema imune,

principalmente nas funcGes basicas de maturagdo, migracdo e ativacdo dessas células. Ainda,
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destacou-se o importante papel dos nucleotideos purinérgicos na produgdo de citocinas, na
regulacdo da resposta imune inata e adaptativa, em doencas infecciosas e na dor.

2.5.1 Linfécitos

Conforme mencionado anteriormente, os linfécitos constituem uma importante classe
de células responsaveis pela defesa imune do organismo. Apesar de existir uma vasta
diversidade de linfdcitos, todos se originam de células tronco pluripotentes da medula dssea.
Essas células dao origem a linhagem mieloide, tais como os granuldcitos e demais leucocitos,
e a linhagem linfoide, tais como os linfocitos B, T e células natural killer (MESQUITA
JUNIOR et al., 2010).

As células da linhagem linfoide possuem locais diferentes de maturacéo, de acordo com
sua diferenciacdo e funcao. As células da linhagem de linfocitos B expressam o receptor de
antigeno B (BCR, do inglés B cell receptor) na membrana e maturam parcialmente na medula
0ssea, onde sdo originados, e posteriormente no tecido linféide periférico (CHAPLIN, 2010).
O receptor BCR reconhece conformacdes tridimensionais, como proteinas e polissacarideos
(JUNQUEIRA; CARNEIRO, 2023). Apbs sua maturacdo, caem na corrente sanguinea e
migram para 6rgdos linfoides secundarios. Os linfocitos B tém a funcdo principal de
reconhecimento e apresentagdo de antigenos, por meio das imunoglobulinas (Ig) de membrana
IgM e IgD. (MESQUITA JUNIOR et al., 2010). Apds o reconhecimento do antigeno, os
linfdcitos B se proliferam e se diferenciam em plasmacitos e células B de meméria (CHAPLIN,
2010).

Além do linfocito B, existe uma grande variedade de linfocitos T, tais como os linfécitos
T auxiliares ou T helper (ThO; TCD4") e os linfocitos T citotoxicos (TCD8"). As células T
auxiliares diferenciam-se a partir de células ThO nos fenétipos Thl, Th2, Thl7 e células T
regulatorias (Trec). A principal funcdo do linfocito T € o de reconhecimento e destruigcdo do
antigeno apresentado por uma célula apresentadora de antigeno como macrofagos, linfécitos B
e células dendriticas. Dada essa funcdo caracteristica, os linfocitos T apresentam em sua
superficie o receptor de antigeno T aff (TCR, do inglés T cell receptor), que Ihe conferem essa
capacidade (CHAPLIN, 2010). O receptor TCR, ao contrario do receptor BCR, reconhece
polipeptideos lineares ancorados na membrana celular JUNQUEIRA; CARNEIRO, 2023).

Os diferentes tipos de linfocitos T sdo caracteristicos por suas fungdes distintas (Quadro
4). Destacam-se na producdo de citocinas, importantes para a sinalizagdo do sistema imune no

processo inflamatorio, quimiotaxia, reconhecimento e eliminacéo de antigenos. A diferenciagédo
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dessas células é feita de acordo com seus estagios de maturacao. Células tronco hematopoiéticas
comprometidas como a maturagdo em células T fazem a migracdo da medula 6ssea para 0 cortex
do timo, onde ocorre a expressdo dos marcadores CD3, CD4 e CD8 na superficie celular. A
partir deste momento, as células T sdo separadas de acordo com a sua capacidade de
reconhecimento de proteinas HLA (antigeno leucocitario humano) de classe | ou Il. Se a célula
apresenta capacidade de reconhecimento de proteinas de classe I, ela expressa CD8, mas se
apresenta capacidade de reconhecimento de proteinas de classe 1, expressa CD4. Apds essa
selecdo, as células migram para a medula do timo, onde séo selecionadas e removidas de acordo
com a sua afinidade excessiva as proteinas HLA. Por fim, as células que passaram pela selecdo
e maturagdo sdo exportadas para a 0 organismo para cumprirem suas fun¢des de Th ou Tc
(CHAPLIN, 2010).

Diferente dos linfécitos B e T, as células natural killer ndo possuem BCR ou TCR. Isso
limita sua capacidade de reconhecimento de padrées moleculares e, consequentemente, elas nao
desenvolvem memoria imunolégica como os linfécitos B (JUNQUEIRA; CARNEIRO, 2023).

2.5.2 Sinalizacdo purinérgica linfocitaria

Os linfocitos expressam uma quantidade consideravel de receptores purinérgicos em
sua superficie (Figura 3), e boa parte de suas funcdes basicas séo iniciadas pela sua ativagéo.
Os linfocitos B expressam os receptores A1, Aza, A € Az (PRZYBYLA; SAKOWICZ-
BURKIEWICZ; PAWELCZYK, 2018), P2X1, P2X5, P2X4, P2X7 (LEE et al., 2006), P2Y>,
P2Y4 e P2Y12 (WANG et al., 2018). O metabolismo celular dos linfocitos B libera ATP por
vesiculas endossomais para o meio extracelular, que é degradado pelas ectonucleotidases em
sua superficie. O mecanismo de liberacdo de ATP é dependente de Ca?*, semelhante ao das
plaquetas. Ja os linfocitos T expressam os receptores Aza, P2X1, P2X4, P2Xs, P2X7, P2Y1,
P2Y2, P2Y4, P2Ye, P2Y 11, P2Y12 € P2Y13 (ALBERTO et al., 2022).

Linfocitos T e B expressam receptores P2X, que sdo canais iénicos (DI VIRGILIO;
VUERICH, 2015). Apos a ligacédo do ligante a receptor, ocorre a mudanca conformacional que
permite a entrada de Ca?* e Na*. Dessa forma, ocorre a despolarizagio da membrana plasmatica
e desencadeia a sinalizagdo para mobilizagdo citoplasmatica. O influxo de Ca?* intracelular
incrementa o efluxo de Ca?" de organelas citoplasmaticas, o que causa a mobilizagdo de Ca?*
intracelular. Por fim, essa mobilizagdo de Ca?* induz mudancas no citoplasma como a

degranulacdo, projecdo citoplasmatica e ativagdo de linfocitos (TOLDI, 2013). Os receptores

37



P2X também estdo associados a respostas inflamatorias. P2X7 estd associado a maturagdo e
liberagdo das citocinas pré-inflamatorias, tais como interleucina 1 (IL-1p) (FERRARI et al.,
2006), 1L-18 (MEHTA; HART; WEWERS, 2001) e IL-la (PELEGRIN; BARROSO-
GUTIERREZ; SURPRENANT, 2008), além de que P2X; esta associado a sintese de IL-2 (YIP
et al., 2009).

O ATP liberado pelo tecido lesionado pode ativar receptores P2X, ou pode ser usado e
degradado a outros nucleotideos visando atrair células imunes (CEKIC; LINDEN, 2016).
Prybyla et al. (2018) resumiram a co-atuacao de sinalizadores purinérgicos entre linfocitos B e
T. Ha evidéncias de que linfdcitos B fazem sua regulacao autdcrina e regulacdo de linfocitos T
de forma parécrina por meio de receptores As. Ainda, quando ativos, linfocitos B diminuem a
expressdao da E-5’-NT, o que acaba aumentando a concentracdo extracelular de AMP. Como
resultado, esse AMP supostamente teria o efeito de induzir a proliferacdo de linfocitos B, via
receptores A1, enquanto inibiria a proliferacdo em linfécitos T (SAZE et al., 2013). Os
receptores P2Y estdo mais envolvidos com a quimiotaxia, que é uma funcdo importante dessa
classe de células. A sinalizacdo purinérgica também esta presente na migracdo de linfocitos.
Em linfocitos T, receptores P2X4 aumentam o metabolismo mitocondrial por meio do influxo
de Ca?*, o que aumenta a fosforilagdo oxidativa para a producio de ATP. Ainda, auxiliam na
polarizacdo e migracédo celular (LEDDEROSE et al., 2018, 2020).

Os receptores P2Y também estdo presentes na regulacdo da funcdo linfocitaria. Sinais
find-me para atracdo de linfocitos para apoptose sdo emitidos pela liberacdo extracelular de
ATP e UTP, que ativam receptores P2Y na superficie de linfocitos T (ELLIOTT et al., 2009).
Os receptores P2Y e P1 estdo relacionados com o fluxo de Ca?* e de AMPc intracelular, por
meio do metabolismo da proteina G respectivamente acoplada (CONIGRAVE et al., 2001). O
AMPc esta relacionado com o controle da proliferacdo, apoptose e diferenciacdo linfocitaria
(GANTNER et al., 1998). Os receptores P1 estdo associados ao metabolismo anti-inflamatério
de ADO. Abbracchio e Ceruti (2007) descrevem uma cascata de eventos pés lesdo mediada
pelo metabolismo da ADO. Nela, a ADO proveniente do ATP liberado na hipdxia do tecido
lesionado, decomposto pelas ectonucleotidases e pela inibigdo da E-ADA, ativa receptores Aza
e Azs. O metabolismo da proteina G, acoplada a esses receptores aumentam a concentracdo de
APMc intracelular, que promove um efeito imunossupressor. Por sua vez, também ocorre a
ativacdo de receptores Ax e As, que inibem a formagdo de AMPc. Essa regulagdo supostamente
poderia fornecer tempo suficiente para a destruicdo do patdgeno sem que haja grande dano
tecidual.
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Figura 2. Representagdo esquematica da sinalizagdo purinérgica linfocitaria. E-NTPDase (ecto-NTPDase); E-5’-
NT (ecto-5’nucleotidase); E-ADA (ecto-adenosina desaminase); ATP (adenosina trifosfato); ADP (adenosina
difosfato); AMP (adenosina monofosfato); ADO (adenosina) INO (inosina). Fonte: Bruna Pache Moreschi.
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2.6 Plaquetas

Os leucocitos em geral sdo células diferenciadas, em gerac6es, provenientes de uma
célula tronco hematopoiética pluripotente. Ao longo do processo de hematopoiese, outras
células sdo criadas, como 0s megacaridcitos. Os megacaridcitos sdo células grandes, das quais
derivam-se fragmentos, descritos como corpusculos anucleados discoides, as plaquetas
(JUNQUEIRA; CARNEIRO, 2023).

As plaquetas possuem um sistema de canais com invaginacdes na sua estrutura, que
permite que haja comunicagdo entre o interior e a superficie da plaqueta. Esse sistema otimiza
a liberacéo do conteudo presente nos granulos plaquetarios. O contetdo granular das plaquetas
¢ diverso. Os granulos d armazenam ADP, ATP, serotonina e histamina. Os granulos o possuem
fibrinogénio e outros fatores de coagulacao, fator de crescimento plaquetario e plasminogénio.
Por fim, os granulos A s3o lisossomos que armazenam proteases ¢ glicohidrolases, que serdo,
ocasionalmente, utilizadas pelas plaquetas para a ativagdo, mobilizacdo e agregacéo plaquetaria
(KAUSKOT; HOYLAERTS, 2012; RENDU; BROHARD-BOHN, 2001).

Como citado anteriormente, as plaquetas possuem uma funcdo importante na
manutenc¢do da integridade dos vasos sanguineos. Quando ativadas por agonistas especificos,
desempenham protagonismo na agregacao plaquetaria, que promove o estancamento de lesdes
nos vasos e evita 0 extravasamento sanguineo. As plaquetas apresentam uma diversidade de
receptores em sua superficie, que controlam suas fun¢des de ativacdo, adesdo e agregacao
plaquetaria. Na membrana, as plaquetas apresentam receptores para a trombina (receptores
PAR-1 e PAR-4), para o tromboxano A2 (receptores TPo/TPp), para o fator de ativacao de
plaquetas (receptor PAFR), para o colageno (receptores GPVI e a2pB1) (KAUSKOT;
HOYLAERTS, 2012), para 0 ATP (P2X31), para 0 ADP (P2Y1 e P2Y12) e para A ADO (Azae
AzB). Sabe-se também que as plaquetas constituem uma populagdo heterogénea, o que resulta
em uma distribuicdo diferencial de receptores em comparagdo umas com as outras, com base
no tamanho e na funcéo de cada plaqueta e receptor (KOUPENOVA; RAVID, 2018).

2.6.1 Sinalizacdo purinérgica plaquetaria

Sabe-se que 0 ATP e o ADP sdo importantes agonistas da agregacdo plaquetaria. As

plaquetas expressam os receptores purinergicos P1 Azae Azg, ativados por ADO; P2X1, ativado

40



por ATP e inibido por ADP; P2Y1 e P2Y1, ativados por ADP e inibidos por ATP
(KOUPENOVA; RAVID, 2018).

A ADO ¢é uma molécula conhecida por exercer um papel regulatorio na hemostasia,
principalmente por conta da cascata da proteina Gs acoplada aos receptores Axa e Azs. A
proteina Gs, presente na porgdo C-terminal intracelular, se desloca ap6s a ativacdo destes
receptores pela ADO. A proteina Gs ativa a enzima adenilil-ciclase (AC) que converte ATP
intracelular em AMP ciclico (AMPc). A molécula de AMPc ativa a proteina quinase A (PKA)
que, por sua vez, fosforila e bloqueia a liberacio de Ca?* intracelular por meio da inibig&o do
receptor do IP3 (IP3R) no canal do reticulo endoplasmatico (YANG et al., 2010) (Figura 2).
Como demonstrado na Quadro 2, os receptores Azs também recrutam a proteina que, diferente
da proteina Gs, apresenta efeito pro-agregante. Quando ocorre a ativagdo da proteina Go na
porcdo C-terminal intracelular do receptor, ocorre a ativacao da fosfolipase C (PLC). A PLC
cliva o fosfatidilinositol bifosfato (PIP2) em diacilglicerol (DAG) e inositol trifosfato (IP3). O
IP3 se desloca até o receptor canal de célcio do reticulo endoplasmaético, ativando o IP3R, que
aberto permite o efluxo do fon Ca?* armazenado na organela (Figura 2). Esta mobilizacdo de
Ca?" intracelular resulta na mudanca conformacional plaquetaria, liberacdo de outros
nucleotideos prd-agregantes para o meio extracelular, recrutamento plaquetario e agregacdo
(JONES; EVANS; MAHAUT-SMITH, 2014).

O ATP extracelular ativa os receptores purinérgicos P2X1, que sdo canais idnicos e
promovem o influxo de Ca?* e Na* para o meio intracelular. Esse influxo de fons resulta em
uma alteracdo na morfologia plaquetaria, o que causa a ativacdo, formacdo de pseudopodes e
degranulacdo dos granulos d. Essa série de mudancas conformacionais, principalmente a
degranulacdo, libera mais ATP e ADP para o meio extracelular (Figura 2). O ATP liberado
pode ativa outros receptores P2X de plaquetas e outras células, por meio de sinalizacdo
paracrina, ou ser hidrolisado por ATPases de membrana presentes no microambiente
vascular. A degranulacdo plaquetaria aumenta a concentracdo de nucleotideos purinicos no
microambiente vascular, 0 que promove a rea¢do em cascata para ativacdo e recrutamento de
outras plaquetas, resultando em uma agregacdo plaquetdria eficiente (Figura 2)
(KOUPENOVA; RAVID, 2018; OURY; WERA, 2021).

O ADRP liberado pela degranulacdo ou proveniente da hidrolise do ATP extracelular
pode ativar receptores P2Y das plaguetas e outras células. Os receptores P2Y: e
P2Y 12 presentes na superficie das plaquetas também podem promover um aumento na

agregacdo plaquetéria, porém por vias distintas, relacionadas as proteinas G acopladas a cada
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receptor (Figura 2). Receptores P2Y 1 recrutam a proteina Gq que, por meio da cascata da PLC,
promove o efluxo de Ca?* presente no reticulo endoplasmatico. Como explicado anteriormente,
essa mobilizacio de Ca?" intracelular resulta na mudanca conformacional interna e
externalizacdo do conteudo de mais granulos &, aumentando a concentragdo de nucleotideos,
que possuem funcdo prd-agregante no meio extracelular, e intensificando o recrutamento e
agregacdo plaquetaria. Ja os receptores P2Y1. ativam a proteina G| que, por sua vez, inibe a
enzima AC, resultando assim em um efeito pro-agregante (Figura 2) (JONES; EVANS;
MAHAUT-SMITH, 2014).

As plagquetas também apresentam em sua superficie as enzimas ectonucleotidases, tais
como a E-NTPDase e a E-5’-NT, que regulam a concentracdo desses nucleotideos de adenina
no microambiente vascular (CASTILHOS et al., 2016; MORELLO et al., 2021). A func¢éo da
enzima E-NTPDase em plaquetas ja foi investigada em condicGes adversas do sistema
cardiovascular e sanguineo. Morello e col. (2021) reuniram informagdes sobre o papel da E-
NTPDase na tromboinflamagé&o geral e condigdes como hipertenséo, aterosclerose e trombose,
concluindo que se pode acreditar na sua participacao no controle do processo inflamatério, além
de exercer papel importante nos mecanismos antitromboticos do ambiente microvascular. Zeng
e col. (2020) e Pulte e col. (2007) reafirmam a importancia das NTPDases para a hemostasia,
caracterizando-a como a responsavel pela manutencdo da concentracdo de nucleotideos pré-
agregantes, podendo diminuir ou até abolir a agregacéo.

Além das ectonucleotidases citadas, as plaguetas também apresentam a enzima
purinérgica E-ADA em sua superficie, que catalisa a desaminacdo irreversivel de ADO em
INO. A atividade dessa enzima é fundamental para a manutencdo da hemostasia, por conta de
exercer o controle da concentracdo de ADO no microambiente vascular, que exerce um efeito

inibitorio da agregacgdo plaquetéria por meio dos receptores Axae Azs (YANG et al., 2010).
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Figura 3. Representacdo esquematica da sinalizagdo purinérgica plaquetaria. E-NTPDase (ecto-NTPDase); E-5-
NT (ecto-5’nucleotidase); E-ADA (ecto-adenosina desaminase); ATP (adenosina trifosfato); ADP (adenosina
difosfato); ADO (adenosina) INO (inosina). Fonte: Bruna Pache Moreschi.
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3. Objetivos

3.1 Objetivos gerais

Investigar a atividade de enzimas do sistema purinérgico em linfdcitos e plaquetas de

usuarias de contraceptivos hormonais orais combinados.

3.2 Objetivos especificos

Realizar o levantamento de dados disponiveis na literatura cientifica referente a
associacdo entre contraceptivos hormonais orais e o0 desenvolvimento de condicdes
tromboembdlicas em usuarias.

Quantificar a atividade da enzima E-NTPDase em linfécitos e plaquetas de usuarias de
contraceptivos orais e de ndo usuérias de contracepgdo hormonal.

Quantificar a atividade da enzima E-5’-NT em plaquetas de usuarias de contraceptivos
orais e de ndo usudrias de contracepcao hormonal.

Quantificar a atividade da enzima E-ADA em linfocitos e plaquetas de usuérias de

contraceptivos orais e de ndo usuarias de contracep¢do hormonal.
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ABSTRACT

Since 1950, the production of synthetic sex hormones has become one of the most popular
contraceptive methods in the world, due to its feasibility of use and efficiency. A narrative
review of the literature was carried out with the aim of evaluating a possible association between
the use of oral hormonal contraceptives by women of reproductive age and the development of
thromboembolic conditions. There is evidence that the use of these medications increases blood
clotting factors (mainly factors VII, VIII, IX and X), in addition to decreasing and generating
resistance to proteins that negatively regulate the coagulation cascade (proteins S and C). A
state of hypercoagulability is created, which increases the risk of developing venous and
cerebral thromboembolism and pulmonary embolism, worsened with third-generation oral
contraceptives. Therefore, it is possible to state that oral contraceptives cause changes in

hemostatic parameters related to thromboembolic events.

Keywords: Oral Contraceptives, Thrombosis, Hemostasis, Blood, Coagulation, Oral Hormonal

Contraception.
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1. INTRODUCTION

The production of synthetic female sex hormones with the aim of inhibiting ovulation
in women began in the 1950’s, and in 1960’s it was approved the first contraceptive pill
marketed in the United States. In the 1970’s it was popularized. The first compositions had very
high doses, which consequently caused serious adverse effects such as increased blood pressure
and venous thrombosis. It led to a reformulation of these drugs, which in the 1980’s presented
lower doses of hormones, thus reducing their more serious adverse effects [1,2]. Hormonal
contraception is still used as a way to treat hormonal imbalances such as dermatological
problems (acne) and also in cases of colic [3] in the treatment of polycystic ovary syndrome
[4,5], to standardize the menstrual cycle and treat menstrual disorders [6,7].

Contraceptive methods are categorized by different mechanisms to prevent ovulation,
fertilization or implantation of embryo in uterine mucosa [1,8]. There is wide variation in
composition and route of administration among hormonal contraceptives, in addition to drug
pharmacokinetic and pharmacodynamic differences. Furthermore, the possibility of frequent
exchanges between these contraceptive methods arouses curiosity of the scientific community
regarding possible consequences on users [9].

In general, there are two types of oral contraceptive drugs: the non-combined ones,
which are composed only of progestogens (mini-pills), and the combined ones, which have
varied formulations associating estrogen with progestogens. The progestogen component has
the main function of preventing ovulation, while estrogen has the main function of regularizing
the menstrual cycle due to the stabilization of hormone dose [10].

Contraceptive pills are even classified by generations, correspondingly with the
progestogen component and the dosage of the estrogenic component. First generation pills
contain a high dose of estrogen (greater than or equal to 50 pg), usually ethinylestradiol (EE)

[11] or mestranol, and norethynodrel, norethindrone or ethynediol diacetate as a progestogen
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[10]. Second generation pills have a lower dose of estrogenic component compared to the first
generation (from 50 to 35 pg) [10,11], and in these, EE is established as the main estrogenic
component, along with levonorgestrel or norethisterone as progestogen components. The third-
generation pills have gestodene, desogestrel [10] or norgestimate [11] as a progestogen
component, which may or may not be associated with EE. Finally, there are more modern pills
that contain drospirenone, nomegestrol acetate or dienogest as a progestogen component,
associated or not with an estrogen [10]. There is still controversy regarding the existence of a
fourth generation of pills. Considering that the hormone dosage needed to prevent ovulation
must be constant, the progestogen component underwent changes only at level of chemical
composition [10]

Combined oral hormonal contraceptives act similarly to hormones naturally produced
by ovaries, and are used to prevent ovulation, and consequently also cause significant changes
in cervical mucus and endometrium [1,8]. This method is considered very effective, with a
failure rate of up to 0.3% of cases, which can reach 9% in habitual continuous use [12,13].
However, the effectiveness of a method depends on its correct use and may have its action
interrupted by drug interaction due to the use of other drugs [2].

Desirable or adverse effects of oral hormonal contraceptives depend on their
composition and dose. Regarding estrogen, its excessive dose can cause dysmenorrhea, high
menstrual flow, breast tenderness, breast enlargement, weight gain, nausea and vomiting,
suppression of lactation, headaches, chloasma, irritability and decreased libido, while its deficit
can cause a decrease in menstrual flow and spotting. Progestogen in high doses can cause effects
on the skin, such as acne or excessive oil production by sebaceous glands, irritability, short
menstruation, nervousness and cholestatic jaundice. The progestogen deficit, in turn, can result
in prolonged bleeding, spotting, increased menstrual flow, dysmenorrhea and delay in the onset

of the menstrual cycle [14].
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It is possible to find in the literature a substantial volume of research demonstrating
relationship between use of oral contraceptives and thromboembolic diseases [9,10,15-26]. The
objective of this manuscript was to carry out a narrative review exploring possible effects of
oral hormonal contraceptives of different generations on hemostasis and, consequently, on

thromboembolic conditions in users of reproductive age.
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2. HEMOSTATIC SYSTEM
2.1. Oral hormonal contraceptives and the hemostatic system

Hemostasis is a set of mechanisms responsible for maintaining blood flow inside
vessels, preventing thrombotic and hemorrhagic events [27]. Its operation is dependent on
several factors that are responsible for keeping the blood in its fluid state, within the network
of blood vessels that form the cardiovascular system. Hemostatic system is formed by blood
vessels, endothelial cells, platelets, von Willebrand factor, coagulation factors, anticoagulant
factors and fibrinolytic system [28]. For hemostasis to be established, is important to maintain
the integrity of blood vessels, presence of procoagulant plasma proteins, anticoagulants and
fibrinolytic system, even if platelets are in ideal numbers and able to perform their function. An
efficient platelet aggregation in response to vascular damage is part of hemostasis, where
coagulation promotes blood loss interruption, and fibrinolysis removes fibrin formed in excess,
causing blood to flow again in the vessel, in a dynamic equilibrium [29].

Relationship between use of oral contraceptives and cardiovascular disease has been
discussed for a while and, possibly, the existence of estrogen and progesterone receptors in
blood vessels is related to these events [30]. This fact associates these drugs with a higher risk
of developing diseases of the circulatory system [16]. The use of hormonal contraceptives can
increase the risk of developing thrombosis by up to 4-fold. However, it is still estimated that 7

out of 10.000 women per year develop the condition due to hormonal contraceptives [31,32].

2.2. Thromboembolic conditions
Coagulation is an important mechanism for maintaining blood vessel integrity. It is
performed by a group of plasma proteins that, in a cascade, convert plasma fibrinogen

molecules into fibrin, thus forming the thrombus. Coagulation cascade can occur by the intrinsic

58



pathway, initiated by elements already present in blood; and by the extrinsic pathway, which
starts due to tissue injury [33].

The intrinsic coagulation cascade (Fig. 1) occurs when there is no endothelial lesion.
Pre-kallikrein is converted into kallikrein by factor Xlla, promoting cascade activation of
factors XII, X1 and IX in presence of high molecular weight kininogen (HK). In cascade, factor
Xl is activated by factor Xlla and converted into Xla. Factor Xla activates more factor IX, and
in calcium ion presence and factor Xllla on the surface of platelets, the activation of factor X
into factor Xa occurs [33,34].

The extrinsic coagulation cascade takes place when blood extravasation occurs due to
endothelial injury, which causes contact between collagen present in connective tissue of
subendothelial layer of vessel wall with plasma proteins in blood. There is also activation of
tissue factor or tissue thromboplastin (factor I11), present in extravascular tissues. Factor VII is
activated by factor Il in calcium presence, promoting activation of factor X into Xa. The
conversion of factor X into Xa is the intersection between pathways, thus initiating the common
pathway. Factor Xa, adhering to platelets and in ionized calcium presence and factor Va,
converts factor Il into lla (thrombin). Factor Ila converts factor | into la (fibrin) and converts
factor XIII into Xllla, also activating platelets. Factor Xllla provides stability to connections
between fibrins [33-35].

The thrombotic condition consists in the thrombus formation due to exacerbated
coagulation process, within blood vessels, which causes its whole or partial occlusion. This
condition can cause swelling, pain and muscle stiffness, in addition to raising local temperature.
Although it can happen in any region of the body, they are more common in the lower limbs
[36-38]. The condition of deep vein thrombosis (DVT) occurs when the thrombi formed in
circulatory system reach deep venous system [39]. Even with treatment, 50% of patients with

proximal DVT and 30% of patients with distal DVT develop post-thrombotic syndrome, and
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pulmonary embolism may also occur in about 5% of these patients [40]. In general, use of
combined contraceptives is considered a risk factor associated with thrombosis, in addition to
other factors such as hereditary thrombophilias, pregnancy or puerperium, primary
antiphospholipid syndrome and para-meningeal infections [41].

DVT associated with pulmonary embolism is called venous thromboembolism (VTE),
which occurs when the thrombus detaches from the blood vessel wall, and circulates throughout
body until it lodges in the lung [40]. The suspicion of pulmonary embolism due to oral
contraceptives was initially related to the progestogen, more specifically to cyproterone acetate
[42].

Thrombosis can also occur in cerebral veins, characterizing cerebral venous thrombosis
(CVT), being predominant in women (about 75% of cases) [43]. Brain thrombosis is a rare
condition, intensified by impairment of cerebral venous drainage due to intracranial pressure,
which can often be fatal [26]. The use of hormonal contraceptives represents an aggravation in
development of CVT. The third-generation progestogens show a 2- to 3-fold increased risk in
the development of CVT, when compared to the second-generation [22,44]. Recently reported
cases describe CVT caused by a decrease in anticoagulant function, represented by a decrease
in tissue plasminogen activator (t-PA). t-PA is a factor responsible for the conversion of
plasminogen into plasmin, which binds to integrated fibrin promoting its degradation, and
consequently affecting the fibrinolytic function [45]. Among CVT conditions, dural sinus
thrombosis is one of the most commonly associated with oral hormonal contraceptives, with a
7- to 8-fold increased risk for users [46].

The development of clots can occur asymptomatically and temporarily [40] in transitory
periods such as hospitalizations and postoperative periods, hereditary thrombophilia or even
associated with risk factors such as age, smoking and obesity [43]. These are conditions that

can promote an intravascular hypercoagulable state, and for the fibrin clot to be dissolved, a
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series of fibrinolytic factors are necessary. Through the mediation of t-PA, which is released by
endothelial cells that have been disturbed due to the vessel injury, plasminogen is converted
into plasmin, which binds to integrated fibrin, resulting in its degradation and the formation of
fibrin degradation products (FDPs). Plasmin can be inactivated by ol-antiplasmin or by a2-
macroglobulin [47]. Coagulation system also undergoes anticoagulant regulation, so that there
is delimitation of reactions, avoiding exacerbated coagulation. This regulation is carried out by
other thrombolytic substances that act on dissolution of clots, namely tissue factor pathway

inhibitor (TFPI), antithrombin, protein C (PC), protein S (PS) and plasmin [33,34].
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3. ORAL HORMONAL CONTRACEPTIVES AND THROMBOEMBOLIC EVENTS
3.1. Conventional progestogens associated with thromboembolic conditions

Progestogens are reported as a component to balance thrombotic effects promoted by
estrogen, mainly in relation to synthesis of hepatic proteins, or in the inactivation of activated
protein C (APC) caused by estrogen [48,49] Effects caused by EE on hemostasis can be
attenuated or accentuated by the progestogen in the composition. Then, different formulations
of combined contraceptives may have different results, favoring coagulant or fibrinolytic
activity in different ways [50].

Reviews and experimental studies demonstrate that the composition of third-generation
progestogens is more related with development of VTE compared to second-generation
progestogens [22,26,27,51,52]. One of the mechanisms related to the increased risk of VTE is
linked to use of drospirenone, which has the effect of increase the resistance to APC [53], in
addition to a decrease the PS activity [18].

Decreased plasma sensitivity to APC is associated with the use of combined hormonal
contraceptives. APC, in presence of cofactor PS, prevents coagulation cascade by inhibiting
coagulation factors V and VIII, so the effect of thrombin is negatively regulated [54,55].

There is evidence that oral contraceptives induce an increase in plasminogen, t-PA, in
addition to plasmin-antiplasmin complexes and fibrin degradation products, with an
antithrombotic effect, although this is not associated with fibrinolysis activity [18,56]. It is also
confirmed that contraceptives that take levonorgestrel or desogestrel as a progestogen increase
levels of prothrombin fragment 1+2, a marker of thrombin formation [18,57,58].

Comparisons between generations of progestogens show that third generation is more
related to an increase in factor VII levels, compared to changes promoted by second generation,
in the absence of estrogens [18,52,57-59]. In the presence of EE, third-generation progestogens

are less effective in neutralizing the prothrombotic effect [52]. Although factor VII does not
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have a clear relationship with the condition of VTE, it is a marker for acute myocardial
infarction [60]. The effect of different generations of progestogens on factor VI levels may be
related to coagulation by the extrinsic pathway, showing a greater risk of developing VTE [52].
Third-generation progestogens, when compared to second-generation ones, have a more
pronounced effect in reducing factor V. This factor has anticoagulant properties, as it is a
cofactor of activated PC, which participates in the inactivation of factor Vllla [52,57].

The oral progestins gestodene and desogestrel (third generation) have a higher risk to
the development of VTE when compared to levonorgestrel (second generation) [48]. As a
result, combined contraceptives containing levonorgestrel, a second-generation progestogen,
are considered more suitable for users with risk factors and history of thromboembolic diseases
[61].

It is known that platelet function may increase with use of contraceptives with higher
antiandrogenic effect, usually those containing second-generation progestogens. This fact
corroborates indication that effects of oral contraceptives on platelet function are dictated by

progestogen component [62].

3.2 Conventional estrogens associated with thromboembolic conditions

Since the first oral contraceptives, estrogen has been considered the main component
responsible for their thromboembolic events [40]. The association of thrombosis with the use
of contraceptives is mainly linked to the use of EE, an estrogen that has an increase on a series
of procoagulant factors, as like thrombin [63], factors VII, VIII, X, XI, XII [64] and XIII [65]
and fibrinogen [66]. Furthermore, EE can decrease anticoagulant factors such as PS and
antithrombin, which causes an even higher prothrombotic effect [18,65].

The role of EE in reducing natural coagulation inhibitors has also been described. The

EE can cause a lower activation of CP, which generates an acquired resistance. Conversely,
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there are evidences that contraceptives can cause a slight increase in CP activity and
concentration. However, this increase is suppressed by inducing the inhibitors al-antitrypsin
and a2-macroglobulin, along with the decrease in PS cofactor [18,53,67,68]. PS has vitamin K-
dependent anticoagulant activity, being inhibited by the coagulation factors Vlla and Va, [69].
Antithrombin, a primary inhibitor of thrombin and factors lla, IXa, Xa, Xla and Xlla, prevents
association of factor VIla with tissue factor (TF), and its levels are also reduced by
contraceptives [70].

EE can also increase the fibrinolytic activity of blood plasma. There are evidences that
EE induces an increase in both plasminogen and tissue plasminogen activator (tPA), in addition
to plasmin-antiplasmin complexes and fibrin degradation products, with antithrombotic effect,
although it is not associated with fibrinolysis activity [53,56,68]. All the procoagulant effects
associated with EE may be associated with its strong estrogenic effect caused by EE on liver
and endothelial-vascular function, which may be the basis for the increased risk of developing
thromboembolic conditions associated with this estrogen [23].

The pro-coagulant action of EE motivated research into the development of new
synthetic estrogens, thus developing estradiol valerate (E2V) and 17-Bestradiol (17B-E2), using
estradiol (natural estrogen) in their composition instead of EE [20,71]. Some studies suggest
that these formulations carry the same risk of developing VTE as EE, causing changes in the
same hemostatic parameters observed by traditional estrogen [17,68,72]. However, other
studies indicate that compared to EE and associated with a current progestogen, impacts on
hemostatic parameters are significantly smaller than those caused by conventional EE [20].

Another estrogen with a new composition is the synthetic sterol (E4), which has already
shown reduced effects on hemostasis patterns [23]. Although there is evidence of a relationship
with increased plasminogen and prothrombin fragment 1 + 2 [18], it still represents a very weak

impact on fibrinolysis markers. The minimal interference of this estrogen in most hemostatic
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parameters is mainly related to its lower action in the liver, where the synthesis of coagulation

factors and anticoagulants occurs [18,73].

3.3 New formulations

Oral hormonal contraceptives alter hemostatic parameters due to their effects on clotting
factors of coagulation cascade, on fibrinolytic system and on anticoagulant factors that promote
regulation of the cascade. At the end of 1990’s, it was believed that the agent responsible for
increased thrombotic risk in combined contraceptives was the estrogen and not the progestogen.
However, studies have shown a significant increase in incidence of thrombosis in users of
contraceptives combined with low doses of estrogen and third-generation progestogens
[18,52,57,58]. Such incidence was associated with estrogen effects, accentuated by low
antiandrogenic effect of third-generation progestogens [40]. It corroborates that users of third-
generation oral contraceptives are twice as likely to develop a thromboembolic condition
compared to users of second-generation oral contraceptives [40,74]. It is currently argued that
hemostatic changes caused by hormonal contraceptives can cause synergistic or antagonistic
effects, which may affect both fibrinolysis and pathways of anticoagulant agents [75].

Combined oral contraceptives, containing EE associated with a progestogen, represent
lower risks of developing a thromboembolic condition when compared to contraceptives
composed only of progesterone. Progesterones have antiandrogenic effect, and pills containing
EE associated with a progestogen such as levonorgestrel, with a greater antiandrogenic effect,
are able to neutralize the stimulation caused by EE in hepatic proteins due to their liver
metabolism. Thus, changes in procoagulant, anticoagulant and fibrinolytic activities caused by
estrogen are reduced. However, less antiandrogenic progestogens, such as drospirenone and
desogestrel, promote an opposite action on the EE effect, thus resulting in an increased risk of

developing VTE [58,68].
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Regarding new formulations with alternative estrogens, there are few analyses available
so far regarding interaction with progestogens compared to EE. There are evidences of a lower
risk of developing VTE by users of oral contraceptives with E2V in formulation compared to
EE [17,19]. A less pronounced effect on blood clotting was found in an association of 17p3-E2
with nomegestrol acetate (NOMAC) as progestogen, in addition to stability in the other
fibrinolysis parameters, when compared to EE associated with levonorgestrel, thus allowing to
hypothesize that this new formulation show a lower risk of developing thromboembolic
conditions [20,71]. An association of E4 with drospirenone also did not show any alteration on
parameters of coagulation factors and anticoagulants, even at different concentrations [23,25],
thus indicating that alternative estrogens might represent a good contraception approach to
avoid thromboembolic events.

Comparative studies of second- and third-generation progestagen formulations
emphasize differences in hemostasis parameters, consequently influencing the risk of
developing VTE, when estrogenic component is EE [22,23,52]. However, studies that compare
estrogen formulations point to low interference in hemostatic parameters related to new
formulations. Including the second- and third-generation progestogens, thus indicating that

estrogen is the main agent responsible for the procoagulant effect of oral contraceptives [18].

3.4 Factors associated with the development of VTE and oral hormonal contraceptives
Oral hormonal contraceptives are associated with the risk of developing VTE by
inducing several changes in hemostatic parameters (Table 1), which can be increased in case of
congenital and acquired predispositions [27]. Thromboembolic development conditions are
often associated with hereditary thrombophilias. However, there are other risk factors such as
age, obesity, and smoking that are related to development of VTE, as well as chronic and acute
conditions such as limb immobilization, surgeries, and hospitalizations. However, the main

etiopathogenic factors for the development of VTE are blood stasis and hypercoagulability [43].
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Familial genetics is an important factor associated with development of VTE, accounting for

35 to 60% of cases, arising because of hemostatic imbalance between coagulant and

anticoagulant proteins [76].

Table 1. Relationship between progestogen and estrogenic contraceptives and their effects on hemostatic

coagulation, anticoagulant and fibrinolytic cascades.

Contraceptives Reference Hemostatic cascade effects

| | 1

EE [64,77] Increased factors XII and XI
(intrinsic coagulation cascade)

[77] Increased factors X and XIII
(common coagulation cascade)

[65,66] Increased fibrinogen (common
coagulation cascade)

[18] Increased plasminogen
(fibrinolytic system)

[53,56,68] Increased  t-PA  (fibrinolytic
system)

[18,53,67,68] Increased al-antiplasmin and o2-
macroglobulin (fibrinolytic
system)

[18,27,68] Decreased protein C activity

(negative regulation of coagulation
cascade)

| |
EE + third-generation progestogens  [18,52,56-58]

Increased factor VIl (extrinsic
coagulation cascade)

[52,57] Increased factor V (common
coagulation cascade)
T
E4 [18,73] Increased plasminogen

(fibrinolytic system)

EE: Ethinylestradiol; E4: Esterol; APC: Active protein C.

In general, investigation for genetic thrombophilia in routine exams is not recommended

only for the purpose of hormonal contraceptives prescription. However, users who have cases

of thromboembolism due to family history before age of 45 need to be informed of the risk of

hormonal contraceptive methods, and initially only progestogens are recommended [78].
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4. CONCLUSIONS

The advent of contraception was part of numerous changes in women's lives that
occurred in recent decades, enabling family planning and female sexual freedom. However,
these drugs have serious adverse effects in short and long term that, when not followed up, can
bring harmful consequences for health.

The compounds present in oral hormonal contraceptives are related to changes in
proteins that promote blood clotting, both by increasing clotting factors and by decreasing
anticoagulant factors, which can induce a hypercoagulable state in blood and consequently
cause thromboembolic events in users of these drugs.

The studies cited in this review were essential for improving the medical practice in
prescribing oral hormonal contraceptives. Variables such as generation and compound used,
time of use and factors such as family history, age and genetic predisposition might influence a
state of blood hypercoagulability. Women who have a thrombophilic condition should avoid
contraceptives with third-generation progestogens, considering changes in hemostatic
parameters promoted by them, causing a more intense hypercoagulable state.

More recent estrogen formulations such as sterol and new estradiol derivatives show
milder changes in hemostatic parameters, presenting a significantly lower risk for developing
VTE, combined with both second and third generation progestogens. This fact reinforces that

the main component involved in the development of thromboembolic conditions is estrogen.
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Abstract

Hormonal contraceptives, which became one of the contraceptive methods with greater
adherence, is associated with the development of thromboembolism. Purinergic mediators such
as the soluble agonists, enzymes and receptors play a prominent role in regulating hemostasis.
The objective of this study was to evaluate the activity of E-NTPDase, E-5'-NT and E-ADA in
blood cells of women using combined oral contraceptives. Participants used third-generation
combined oral contraceptives (G3), such as drospirenone or cyproterone acetate, or fourth-
generation contraceptives (G4), including gestodene or desogestrel, both associated with ethinyl
estradiol. Our findings indicate decreased ADO deamination in lymphocytes from G3 (66,5%;
p < 0.01), and decreased AMP hydrolysis (69%; p < 0.05) and ADO deamination (65%; p <
0.01) in platelets from G3, compared to control. We also observed increased ADP hydrolysis
(216%; p < 0.01) and decreased ADO deamination (50,7%; p < 0.05) in lymphocytes, and
decreased ATP hydrolysis (34%; p < 0.01) and ADO deamination (63%; p < 0.01) in platelets
from G4, compared to control. The observed AMP hydrolysis is compatible with the
establishment of an ADO-poor vascular microenvironment. Analyzed together with E-5’-NT,
the decrease in E-ADA activity may be associated with a lower concentration of ADO in the
microenvironment, which has antiplatelet and anti-inflammatory effects. Our dataset shows that
hormonal contraceptives alter the activity of purinergic system ectoenzymes, which might be

related with their effects in hemostasis and predisposition of thromboembolic events.

Keywords - Ectonucleotidases; E-NTPDase; E-5’-nucleotidase; E-ADA; Combined oral

contraceptives.
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Introduction

Synthetic female hormones with the aim of inhibiting ovulation began in the 1950s [1].
The first hormonal contraceptive formulas had very high doses of hormones, which
consequently caused serious adverse effects in users, such as increased blood pressure and
venous thrombosis. This fact led to a reformulation, in the 1980s, of these medications, which
now have much lower doses of hormones, thus reducing their adverse effects [2]. Combined
hormonal contraceptives, composed of the association of a progesterone with an estrogen, are
one of the best-known contraceptive methods due to their practicality of use, efficacy and safety
(Almeida & Assis, 2017).

These medications are composed of the association of an estrogenic component, usually
ethinylestradiol (EE), and a progestin component [4] and, according to the progestin, combined
oral contraceptives are classified by generations [5]. It is known that combined oral
contraceptives are responsible for interfering with hemostatic parameters, however, there is
uncertainty about which component causes these alterations. Since the popularization of this
contraceptive method, it is believed that estrogen is the main component responsible for the
effects observed on hemostasis [6]. In the literature, there is evidence that oral contraceptives
combined with third-generation progestins, such as desogestrel and gestodene, are more related
to the occurrence of adverse conditions of the circulatory system [7].

Due to the interference of these hormones in hemostatic parameters such as the
procoagulant, anticoagulant and fibrinolytic cascades, they are associated with
thromboembolism and other cardiovascular diseases [8, 9]. Furthermore, the estrogen EE is
considered one of the main promoters of changes in hemostatic parameters [6, 10], and these
changes are smaller when compared to contraceptives combined with estrogens other than EE
[11, 12]

The maintenance of hemostasis is dependent on the activation of purinergic receptors
by purines such as ATP, ADP, AMP and adenosine (ADO) present extracellularly and regulated
by ectoenzymes [13]. Activation of blood cells involves sensitization of purinergic membrane
receptors, such as ADO metabotropic P1 receptors, ATP and ADP metabotropic P2Y receptors
and ATP ionotropic P2X receptors. Likewise, the involvement of purinergic signaling in
inflammatory processes is well known [14]. The control of extracellular nucleotides are
performed by purinergic ectoenzymes such as ecto-nucleoside triphosphate
diphosphohydrolase (E-NTPDase), which hydrolyzes ATP and ADP into ADP and AMP,
respectively; ecto-5’-nucleotidase (E-5’-NT), which hydrolyses AMP into ADO; and ecto-
adenosine deaminase (E-ADA), which deaminates ADO into inosine [15]. Therefore,
maintaining the extracellular concentration of purines is important for the regulation of blood
cell functions in inflammatory and immunological processes [14].

In the literature, changes are observed in the ectonucleotidases activity in blood cells of
individuals with different adverse blood conditions such as sickle cell anemia [16] and in
platelet modulation [17]. Also, autoimmune diseases such as rheumatoid arthritis [17], lupus
erythematosus [18] and multiple sclerosis [19], all under treatment, demonstrated changes in
the metabolism of nucleotides. Due to the evidence of the involvement of purinergic signaling
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in diseases of the cardiovascular and immune systems and the increased risk of developing
coagulopathies associated with the use of combined oral contraceptives, we designed this study
to investigate the activity of the nucleotide-metabolizing enzymes E-NTPDase, E-5-NT and E-
ADA in lymphocytes and platelets from users of different combined oral contraceptives.

Methods

Reagents

Nucleotides, adenosine, Trizma Base, Ficoll-Hypaque, Coomassie brilliant blue G and
HEPES buffer were obtained from Merck. All other reagents used in experiments were of
analytical grade and were of the highest purity.

Individuals

Cisgender women enrolled in undergraduate courses at the Federal University of Mato
Grosso do Sul (UFMS) Campus of Campo Grande/MS, Brazil participated in the study. We
included 26 women, users of third and fourth generation combined oral contraceptives,
containing ethinyl estradiol as estrogen, aged between 18 and 40 years, free of cardiovascular,
circulatory, hepatic and renal diseases. Also, women who underwent surgery in the 6 months
prior to participating in the research, who used anticoagulants, antiplatelet agents or antibiotics
in the 30 days prior to participating in the study were excluded from the sample. Even so, 29
women were included in the control group, who were not using hormonal therapy or
contraception. Group G3 was composed of users of third generation contraceptives containing
gestodene 0.06 mg along with EE 0.015 mg, or gestodene 0.075 mg along with EE 0.02 mg, or
desogestrel 0.015 mg along with EE 0.02 mg. Group G4 was composed of users of fourth
generation contraceptives containing cyproterone acetate 2 mg along with EE 0.35 mg or
drospirenone 3 mg along with EE 0.02 mg. The samples were presented by 29 participants using
hormonal oral contraceptives (19-28 years old), of which 13 samples comprised group G3 with
an average age of 22 years, and 16 samples comprised the group G4 with a mean age of 24
years. The average time of use of combined contraceptives was 2 years of recurrent use. Even
S0, 29 participants made up the control group (non-users of hormonal contraception, aged 18-
38 years old).

Isolation of lymphocytes and platelets from whole blood

Lymphocyte-rich mononuclear cells were isolated from 4 mL peripheral blood collected
in EDTA and separated using the method of Boyum (1968) [20] by density gradient with Ficoll-
Hypaque and stored in saline. After isolation, cells were kept under refrigeration at 8° C for up
to 20 h for enzymatic analysis [21]. Platelets were isolated from 4 mL peripheral blood collected
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in citrate using the method of Heymann et al. (1984) [22] and Pilla et al. (1996) [23] and stored
on HEPES buffer.

E-NTPDase assay for lymphocytes

ATPase and ADPase activities were performed according with Leal et al. (2005) [24].
The reaction medium consisted of 0.5 mM CaCl,, 120 mM NaCl, 5 mM KCI, 60 mM glucose
and 50 mM Tris-HCI buffer, pH 8.0 with a final volume of 200 pL. After pipetting the reaction
system into 96-well flat-bottom microplates, 20 puL of lymphocytes were added to the reaction
medium (2 to 4 pg of protein) and preincubated for 10 min at 37 °C. Reaction started with
addition of 2.0 mM ATP or ADP and incubation time was 70 minutes at 37 °C. The reaction
was stopped by transferring 20 pL. of the reaction to another microplate containing 20 pL of
10% trifluoroacetic acid (TFA). Then, the inorganic phosphate (Pi) content was determined as
described by Chan et al. (1986) [25], using malachite green as a colorimetric reagent and
KH2PO;, as standard. All samples were run in triplicates and specific activity was expressed as
nmol of Pi released/min/mg protein.

E-ADA assay for lymphocytes

To quantify E-ADA activity in lymphocytes, it was used the method described by Giusti
and Gakis (1971) [26] with modifications [21]. Briefly, the assay consisted of blank tubes
(without sample) and test tubes (with sample). Blank tubes received 500 pL of the reaction
medium (10 mM adenosine/50 mM sodium acetate buffer, pH 6.0), and the test tubes received
500 pL of the reaction medium and 25 uL of lymphocytes suspension (approximately 12 pg of
protein). After 120 minutes of incubation at 37° C, the reaction was stopped by adding 1500 pL
of 106 mM phenol/0.17 mM nitroprusside and then 1500 pL of alkaline hypochlorite. After
stopping the reaction, 25 uL of the cell suspension was added to the blank tubes and then all
tubes were incubated for 30 minutes at 37° C to reveal the NH4" content. Enzymatic activity
was determined spectrophotometrically at 620 nm and expressed as nmol of NH4*/min/mg of
protein. Ammonium sulfate was used as standard.

E-NTPDase and E-5’-NT assay for platelets

E-NTPDase and E-5'-NT activities in platelets were determined according with methods
previously described [22, 23]. The reaction medium for the quantification of E-NTPDase
activity (ATP or ADP hydrolysis) contained 5 mM CaCl,, 100 mM NaCl, 4 mM KCI, 5 mM
glucose and 50 mM Tris HCI buffer (pH 7.4) with a final volume of 200 pL. For the
quantification of the activity of the E-5'-NT enzyme (AMP hydrolysis), the reaction medium
was the same, with the exception that 5 mM CaCl> was replaced by 10 mM MgCl. After
pipetting the reaction system into 96-well flat-bottom microplates, 20 uL of the platelet
preparation (8 to 12 pg of protein) were added, and incubated for 10 minutes at 37°C. The
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reaction was started with the addition of 1.0 mM ATP or ADP, or 2 mM AMP. The incubation
time was 60 minutes at 37 °C. The reaction was stopped by transferring 20 pL of the reaction
to another microplate containing 20 puL of 10% trifluoroacetic acid (TFA). Then, inorganic
phosphate (Pi) content was determined as described by Chan et al. (1986) [26], using malachite
green as a colorimetric reagent and KH2PO4 as a standard. All samples were run in triplicates
and specific activity expressed as nmol of Pi released/min/mg protein.

E-ADA assay for platelets

To quantify E-ADA activity in platelets, it was used the method previously described
by Giusti and Gakis (1971) [26], with modifications. Briefly, the assay consists of blank tubes
(without sample) and test tubes (with sample). Blank tubes received 500 pL of reaction medium
(1 mM adenosine/50 mM sodium phosphate buffer, pH 7.0), and test tubes received 500 pL of
reaction medium and 25 pL of platelets (7.5 to 20 pg of protein). After 105 minutes of
incubation at 37°C, the reaction was stopped by adding 1500 pL of 106 mM phenol/0.17 mM
nitroprusside and then 1500 pL of alkaline hypochlorite. After stopping the reaction, 25 pL of
the cell suspension was added to the blank tubes and then all tubes were incubated for 30
minutes at 37°C to reveal the NH4* content. Enzymatic activity was determined
spectrophotometrically at 620 nm and expressed as nmol of NHs*/min/mg of protein.
Ammonium sulfate was used as standard.

Protein determination

Protein was measured by Coomassie Blue method, according to Bradford (1995) [27]
using serum albumin as standard.

Statistical analysis

Data are expressed as mean and interquartile range. Data analysis was performed using
the Kruskal-Wallis test followed by Dunn's. p < 0.05 was considered significant.

Results

1. General characteristics of the participants

The samples were presented by 29 participants using hormonal oral contraceptives (19-28 years
old), of which 13 samples comprised group G3 with an average age of 22 years and 16 samples
comprised the group G4 with a mean age of 24 years. The average time of use of combined
contraceptives was 2 years of recurrent use. Even so, 29 participants made up the control group
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(non-users of hormonal contraception, aged 18-32 years old). The general characteristics of
participants were exposed in Table 1.

2. E-NTPDase activity in lymphocytes

Figure 1 shows the ATPase and ADPase activity of E-NTPDase in lymphocytes from users of
G3 and G4 groups. There was no significant change in ATP hydrolysis (p > 0,05) by E-
NTPDase from lymphocytes from oral contraceptive users (Figure 1A) and the control group.
ADP hydrolysis activity by E-NTPDase of lymphocytes from users of G4 showed a 216%
increase (n = 15; p < 0.01) in relation to the control group (Figure 1B).

3. E-ADA activity in lymphocytes

Figure 2 shows the ADO deamination activity by E-ADA in lymphocytes from G3 and G4
groups, which showed a decrease of 66,5% (n = 8; p < 0.01) and 50,7% (n = 9; p < 0.05),
respectively, in relation to the control group.

4. E-NTPDase activity in platelets

Figure 3 shows ATP (A) and ADP (B) hydrolysis by E-NTPDase in platelets from users of G3
and G4 groups. The activity of ATP hydrolysis by E-NTPDase in platelets from users of G3
did not show any difference compared with control (p >0.05). However, fourth generation
contraceptives decreased 34% (n = 10; p < 0.01) in relation to the control group (Figure 3A).
There was no significant difference between ADP hydrolysis by E-NTPDase in platelets from
oral contraceptive users (p > 0.05) compared to the control group (Figure 3B).

5. E-5’-NT activity in platelets

Figure 4 shows the activity of E-5'-NT in platelets from users of G3 and G4 groups. AMP
hydrolysis activity by E-5'-NT in platelets from third-generation contraceptive users decreased
69% (n = 8; p < 0.05) in relation to the control group.

6. E-ADA activity in platelets

Figure 5 shows the ADO deamination activity by E-ADA from platelets of users of G3 and G4
groups. Adenosine deamination activity showed a decrease in both groups of users of combined
oral contraceptives when compared to the control, being 65% and 63% for G3 (n =8, p <0.01)
and G4 (n =8, p <0.01), respectively.
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Discussion

Contraceptive pills are classified by generation, corresponding to the progestin
component and the dose of the estrogen component. Drospirenone and cyproterone acetate,
derived from testosterone, are considered the fourth generation of combined oral contraceptives
and have a greater antiandrogenic effect compared to other progestins [5, 28]. Gestodene and
desogestrel are third-generation progestins and are more involved in the development of adverse
conditions of the circulatory and cardiovascular system [29, 30]. The use of oral contraceptives
is associated with the development of these conditions mainly due to their effect on hemostatic
parameters. Among the changes in hemostatic parameters related to combined oral
contraceptives are the increase in factor VI of the coagulation cascade [31], in addition to the
reduction in the activity of protein C and factor V, components in the anticoagulant cascade
[32, 33]. In general, EE has a stimulating effect on coagulation factors and would be responsible
for the pro-aggregation effect of combined contraceptives. The use of progesterone associated
with EE can mediate these effects, so that more antiandrogenic progesterones represent a lower
risk of developing adverse conditions of the circulatory system [34]. The incidence of these
conditions also varies according to the dose and type of estrogen, corroborating the hypothesis
that the use of EE may represent a greater risk [28].

The regulatory function of signaling molecules of the purinergic system is well
established and the pro-aggregant and pro-inflammatory profile of nucleotides such as ATP and
ADP is recognized and, in contrast, the anti-aggregant and anti-inflammatory profile of
molecules such as AMP and ADO [35]. A predisposition to the development of thrombopathies,
heart diseases and inflammatory diseases caused by the use of hormonal contraceptives,
identified in users, has already been predicted in the literature [10]. Considering this fact, this
event may be related to a supposed increase in the concentration of ATP and ADP in the
vascular microenvironment, which would result in the activation of P2X and P2Y receptors.
Additionally, it can also be hypothesized a decrease in the concentration of nucleotides such as
AMP and ADO in the vascular microenvironment of users of hormonal contraceptives.

The purinergic ectoenzymes are major players in the regulation of extracellular levels
of nucleotides and ADO. Our findings indicate a decrease in E-5'-NT activity in platelets from
users of third-generation combined oral contraceptives, compared to the control group. This
result presumes a drop in the generation of ADO from AMP in the vascular microenvironment,
consequently limiting the activity of P1 receptors. The activity of the E-5'-NT enzyme plays an
important role in platelet aggregation mediated by agonists, already elucidated in the literature,
related to the maintenance of ADO concentration in the vascular microenvironment [36]. Blood
cells, such as lymphocytes, other leukocytes and platelets, in addition to endothelial cells,
express the GPCR P1 receptors A1, Az2a, Az and Aa. In platelets and lymphocytes, A2a and Azs
receptors have an important antiaggregant and anti-inflammatory function by decreasing the
mobilization of intracellular Ca?" [37]. Considering this evidence, a reduction in the
concentration of ADO in the vascular microenvironment can be assumed as a consequence of
the decreased E-5’-NT activity, which corroborates a possible decrease in the anti-aggregant
and anti-inflammatory effect promoted by ADO in users of combined oral contraceptives. We
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underline that lymphocytes have a low expression of E-5°-NT [38, 39], thus its activity is very
low and not detectable by the method we used to quantify ectonucleotidases activities.

In this study E-ADA activity was different from what was initially hypothesized. A
decrease in enzyme activity was observed, both in lymphocytes and platelets of users of
combined oral contraceptives from the two groups analyzed, compared to control. An increased
activity would represent a tendency towards the reduction of extracellular ADO levels due to
its hydrolysis. However, the decreased activity observed in this study can be seen from the
perspective that the catalytic activity of an enzyme can also be shaped by the biological levels
and the availability of its substrate [40], in this case also indicating low circulating ADO levels.
This interpretation of low ADO levels is compatible with the characteristics of contraceptive
users, which show an inflammatory and thrombotic profile [5, 41].

In the context of regulation of ADO levels, we also need to consider the role of
transmembrane ADO transporters, which regulate extracellular ADO levels through the
reuptake of the substrate into the cell. Human nucleoside transporters (hNTS) are
transmembrane proteins that enable the passage of membrane-impermeable nucleosides to the
intra or extracellular environment [42]. Adenosine transporters can be classified into subtypes:
hCNT 2 and hCNT 3 (concentration-based transporters) - they take advantage of the gradient
promoted by the Na?* ion for the influx of ADO into the cell -, or hENT 1, hENT 2 and hENT
3 (equilibrium-dependent transporters) - are potentially bidirectional, they transport according
to the concentration of nucleosides present in the intra and extracellular media [42, 43]. ADO
transporters have already been described in blood cells such as erythrocytes [44], lymphocytes
[45] and endothelial cells [46] and their functioning can affect the activity of E-ADA through
the limitation of its substrate. The decrease in ADO in the vascular microenvironment, both due
to the decrease in E-5'-NT activity and through reuptake by transporters, could be related with
the decrease in E-ADA activity and the pro-agregant and pro-inflammatory profile observed in
users of hormonal contraceptives. It is considerable that this strategy of removing ADO from
the extracellular environment is an important factor in regulating the functions promoted by the
nucleoside [43], for example, through downregulation of platelet aggregation by Aza and Azs
receptors.

Furthermore, it is essential to highlight that in addition to the activity of E-5'-NT and E-
ADA in the cells investigated, purinergic enzymes and receptors are also expressed in other
cells of the vascular microenvironment, such as erythrocytes [47] and other leukocytes [15, 48].
Given the limitations of the study, it is worth considering that deeper analysis of the functioning
of purinergic ectoenzymes in other cells could shed light on other parameters that corroborate
or refute the results and hypotheses raised here.

The G4 group also showed changes in the activity of the E-NTPDase enzyme compared
to the control group, with an increase in ADP hydrolysis in lymphocytes, and a decrease in ATP
hydrolysis in platelets. E-NTPDase is an enzyme associated with hemostasis, as it maintains
the concentration of pro-aggregating nucleotides ATP and ADP in the vascular
microenvironment [35]. It is already predicted in the literature that the use of third-generation
contraceptives has a greater impact on hemostatic parameters, compared to fourth-generation
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contraceptives [29, 30]. The changes observed in E-NTPDase activity in G4, namely the
increase in ADP hydrolysis in lymphocytes and the decrease in ATP hydrolysis in platelets,
corroborate the creation of a vascular microenvironment poorer in ADP. Considering the pro-
aggregating and pro-inflammatory effects triggered by ADP, its lower concentration in the
vascular microenvironment may corroborate its less pronounced effect on hemostatic
parameters observed in users of fourth generation contraceptives.

Conclusions

In this study we observed that the use of combined oral contraceptives with EE
associated with a third or fourth generation progestin induces changes in the purinergic system
ectoenzymes E-NTPDase, E-5’-NT and E-ADA expressed in lymphocytes and platelets, which
might contribute to the pro-inflammatory and pro-aggregating vascular microenvironment
characteristic of this population.
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FIGURE CAPTIONS

Figure 1. E-NTPDase activity in lymphocytes from oral hormonal contraceptive users. A) ATP
hydrolysis activity. Absolute activity of the control group = 23 (mean) + 18,4 (SD) nmol of
Pi/min/mg of protein; B) ADP hydrolysis activity. Absolute activity of the control group = 31
(mean) + 24.2 (SD) nmol of Pi/ min/ mg of protein. G3 (n = 10): group of users of third-
generation oral contraceptives; G4 (n = 16): group of fourth-generation oral contraceptive users;
control group (n = 26). The results are expressed as median and interquartile range. Statistical
analysis was performed using the Kruskal-Wallis test followed by Dunn’s. ** p < 0.001.

Figure 2. E-ADA activity in lymphocytes from oral hormonal contraceptive users. Absolute
activity of the control group = 0.09 (mean) £ 0.08 (SD) nmol of NH4*/min/mg of protein. G3
(n = 8): group of users of third-generation oral contraceptives; G4 (n = 9): group of fourth-
generation oral contraceptive users; control group (n = 21). The results are expressed as median
and interquartile range. Statistical analysis was performed using the Kruskal-Wallis test
followed by Dunn’s. * p < 0.05; ** p < 0,01.

Figure 3. E-NTPDase activity in platelets from users of oral hormonal contraceptives. A) ATP
hydrolysis activity. Absolute activity of the control group = 11.7 (mean) £ 6.6 (SD) nmol of Pi/
min/ mg of protein. B) ADP hydrolysis activity. Absolute activity of the control group = 5
(mean) £ 3.4 (SD) nmol of Pi/ min/ mg of protein. G3 (n = 8): group of users of third-generation
oral contraceptives; G4 (n = 10): group of fourth-generation oral contraceptive users; control
group (n = 22). The results are expressed as median and interquartile range. Statistical analysis
was performed using the Kruskal-Wallis test followed by Dunn’s. ** p < 0.01.

Figure 4. E-5’-NT activity in platelets from users of oral hormonal contraceptives. AMP
hydrolysis activity. Absolute activity of the control group = 4.7 (mean) = 2.1 (SD) nmol of
Pi/min/mg of protein. G3 (n = 8): group of users of third-generation oral contraceptives; G4 (n
= 10): group of fourth-generation oral contraceptive users; control group (n = 18). The results
are expressed as median and interquartile range. Statistical analysis was performed using the
Kruskal-Wallis test followed by Dunn’s. * p < 0.05.

Figure 5. E-ADA activity in platelets from users of oral hormonal contraceptives. Relative
activity of released NH4". Absolute activity of the control group = 0.092 (mean) + 0.02 (SD)
nmol of NH4*/ min/ mg of protein. G3 (n = 8): group of users of third-generation oral
contraceptives; G4 (n = 8): group of fourth-generation oral contraceptive users; control group
(n = 18). The results are expressed as median and interquartile range. Statistical analysis was
performed using the Kruskal-Wallis test followed by Dunn’s. ** p < 0.01.
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TABLE

Table 1. Sociodemographic data of participants belonging to groups G3, G4 and control group.

Groups
| Control G3 G4
| Total | 29 | 13 | 16 |
| Age of participants | | | |
18 - 25 years old 21 10 10
26 - 30 years old 6 3 6
30 - 38 years old 2 0 0
| Duration of combined oral contraceptive use | | | |
6 months - 1 year - 1 0
1 - 3 years - 9 8
more than 3 years - 3 8
| Composition and dose of oral contraceptive | | | |
Gestodene (0,06 mg/0,75 mg) + EE (0,015 mg/0,02 - 7 0
mg)
Desogestrel (0,015 mg) + EE (0,02 mg) - 6 0
Cyproterone acetate (2 mg) + EE (0.35 mg) - 0 7
Drospirenone (3 mg) + EE (0,02 mg) 0 - 0 9

EE: Ethinylestradiol
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APENDICE II

Parecer Comité de Etica em Pesquisa com Seres Humanos UFMS

@) UNIVERSIDADE FEDERAL DO
g W MATO GROSSO DO SUL - W
S UFMS

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: Investigacéo da atividade de enzimas do sistema purinérgico em linfécitos e plaquetas
de usuarias de contraceptivos hormonais orais
Pesquisador: BRUNA PACHE MORESCHI
Area Tematica:
Versao: 2
CAAE: 57842622.2.0000.0021

Instituicao Proponente: Universidade Federal de Mato Grosso do Sul - UFMS
Patrocinador Principal: Universidade Federal de Mato Grosso do Sul - UFMS

DADOS DA NOTIFICACAO

Tipo de Notificacdo: Outros

Detalhe: Projeto atualizado

Justificativa: Justifica-se pela necessidade de expandir o grupo de inclusao de participantes,
Data do Envio: 26/01/2023

Situacdo da Notificagao: Parecer Consubstanciado Emitido

DADOS DO PARECER

Numero do Parecer: 5943930

Apresentacao da Notificacao:

Visando aumentar o nimero de participantes da pesquisa acima citada, gostariamos de incluir participantes
vinculados a Faculdade de Ciéncias Farmacéuticas, Alimentos e Nutrigdo (FACFAN/UFMS), sendo esta
inclus@o autorizada pela diretoria da unidade.

Objetivo da Notificagdo:

Informar a inclusdo de novos participantes vinculados a outro instituto da Universidade (UFMS).

Avaliagdo dos Riscos e Beneficios:

Riscos aos participantes

Identifica-se o risco de lesbes e hematomas as participantes durante a coleta do material biolégico (sangue,
16 mL), que sera realizada por melo de pungao intravenosa na regido antecubital do brago ou na mao. Para
evitar estes danos previsiveis, o procedimento de coleta de sangue sera

Enderego: Av. Costa e Silva, s/n” - Pionewros §, Prédio das Pro-Reitonias ; Hércules Maymoneg, ¢ 19 andar

Balrro: Ploneiros CEP: 70.070-900
UF: MS Municipio: CAMPO GRANDE
Tolefono: (67)3345-7187 Fax: (67)3345-7187 E-mail: cepconep.propp@uims.br
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Contnuagio do Parecer. 5.943 930

Outros BrunaMoreschi_TCLE_Atualizado_docx.| 26/01/2023 |BRUNA PACHE Postado
pdf 10:26:54 | MORESCHI

Outros BrunaMoreschi_CartaResposta_Atualiza| 26/01/2023 |BRUNA PACHE Postado
da_docx.pdf - 10:27:19  |MORESCHI

Outros BrunaMoreschi_ProjetoPPGFARM_Atual 26/01/2023 |BRUNA PACHE Postado
lizado_docx.pdf 10:27:33 _|MORESCHI

Outros Outros.pdf 09/03/2023 |Claudia Du Bocage Aceito

16:55:12 | Santos Pinto

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:
Nao

CAMPO GRANDE, 14 de Margo de 2023

Assinado por:
Juliana Dias Rels Pessalacia
(Coordenador(a))

Enderego: Av. Costa e Silva, s/n” - Plonewos ¢, Prédio das Pro-Reifonas ;Hércules Maymoney, ¢ 1° andar

Bairro: Ploneros CEP: 70.070-900
UF: MS Municipio: CAMPO GRANDE
Telefone: (67)3345-7187 Fax: (67)3345-7187 E-mail: cepconep,propp@ufms. br
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