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As estatinas correspondem a uma classe de farmacos que atuam de maneira inibitoria sobre a
enzima HMG-CoA redutase, a qual tem papel crucial na biossintese do colesterol. Contudo,
estudos conduzidos por nosso Laboratorio tém mostrado que a exposicdo a rosuvastatina, uma
estatina de Ultima geracdo, durante a pré-puberdade, esta associada com desordens na funcéo
reprodutiva de ratos machos. Além disso, dados referentes aos efeitos da exposicdo a
rosuvastatina sobre a esfera reprodutiva feminina séo escassos. Assim, o presente trabalho
investigou os possiveis efeitos estrogénicos e antiestrogénicos, bem como as alteragdes
reprodutivas resultantes da exposicdo prolongada de ratas a rosuvastatina. Também foram
avaliados os possiveis efeitos que a rosuvastatina pode ter sobre a contratilidade uterina ex
Vvivo e in vitro. Para os ensaios in vivo, ratas Wistar foram alocadas em trés diferentes grupos
experimentais: controle, tratado com solucdo salina; tratadas com rosuvastatina nas doses de 3
e 10 mg / Kg / dia. Os tratamentos foram realizados diariamente e por via oral, desde a pré-
puberdade, e se encerraram na fase de estro de dois diferentes periodos: apos a instalacdo da
puberdade, e na idade adulta. Ndo foram encontradas alteracGes quanto a idade de instalacdo
da puberdade, nos niveis hormonais, no peso de 6rgaos, em parametros histolégicos ovarianos
e uterinos e no desempenho reprodutivo. Por outro lado, a exposicdo a rosuvastatina esta
associada com ciclos reprodutivos mais curtos, fémeas menos receptivas ao acasalamento,
além de reducdo dos pesos e placentario. Para o teste de estrogenicidade in vivo realizou-se o
teste uterotrofico, com as mesmas doses utilizadas anteriormente, no entanto, nenhum sinal de
estrogenicidade ou antiestrogenicidade foi observado. Nos ensaios ex vivo (doses de 0, 3 e 10
mg / Kg / dia de rosuvastatina) em in vitro (concentrac@es de 0, 1, 10 e 100 pug / mL de
rosuvastatina) com a rosuvastatina sobre a atividade contréatil uterina, realizado também com
ratas Wistar, observou-se que este composto é capaz de modular o perfil contratil do utero
tanto em periodo ndo-gravidico, quanto em periodo gravidico. Assim, a exposi¢cdo a
rosuvastatina, nessas condi¢cdes experimentais, promoveu alguns efeitos deletérios na funcédo
reprodutiva e na fisiologia uterina de ratas Wistar, possivelmente por interferéncia na
sinalizagdo hormonal e por efeitos promovidos de forma direta e/ou indireta desta estatina em

tecidos reprodutivos desses animais.



th

Statins are a class of drugs that act inhibiting the enzyme HMG-CoA reductase, which plays a
crucial role in cholesterol biosynthesis. However, studies conducted by our laboratory have
shown that exposure to rosuvastatin, a last generation statin, during pre-puberty, is associated
with disorders in the reproductive function of male rats. In addition, data regarding the effects
of rosuvastatin exposure on the female reproductive sphere are scarce. Thus, the present study
investigated the possible estrogenic and antiestrogenic effects, as well as reproductive
alterations resulting from prolonged exposure of female rats to rosuvastatin. The possible ex
vivo and in vitro effects that rosuvastatin have on uterine contractility were also evaluated. For
in vivo assays, female Wistar rats were allocated into three different experimental groups:
control group, treated with saline solution; and two groups treated with rosuvastatin at doses
of 3 and 10 mg / kg / day. The treatments were performed daily and orally, since pre-puberty,
and ended in the estrus phase of two different periods: after the onset of puberty, and in
adulthood. No changes were found regarding the age of puberty onset, reproductive hormone
levels, organ weights, ovarian and uterine histological parameters and reproductive
performance. On the other hand, exposure to rosuvastatin is associated with shorter
reproductive cycles, females less receptive to mating, and reduced hypophysary and placental
weights. For the in vivo estrogenicity assessment, the uterotrophic assay was performed with
the same doses previously used, however, no sign of estrogenicity or antiestrogenicity was
observed. In ex vivo (rosuvastatin at doses of 0, 3 and 10 mg / kg / day) and in vitro
(rosuvastatin at concentrations of 0, 1, 10 and 100 pg / mL) assays with rosuvastatin on
uterine contractile activity, also performed with Wistar rats, it was observed that this
compound is capable to modulate the contractile profile of the uterus in both non-gravid and
gravid periods. Thus, exposure to rosuvastatin, in these experimental conditions, promoted
some deleterious effects on reproductive function and uterine physiology of Wistar rats,
possibly due to interference with hormonal signaling, and directly and / or indirectly effects of

this statin on reproductive tissues of these animals.



1] 8 o 11 o T PSSR 11
Desenvolvimento e fisiologia reprodutiva feminina ...........ccccccceveviniiiniinicieen, 11
Colesterol € suas IMPIICAGOES .........ccurieiriirieriieieie e 16
EStatinas: ASPECTIOS GETAIS ......cveviriieriiriisie ettt 18
ROSUVASTALING ....vevveeeiiecieeie ettt et e esreenneennesneenne s 19
Efeitos das estatinas sobre a fungao reprodutiva ............ccoceoveieiencieninine e 20

JUSHITICALIVA ...t st et te et sreeneas 23

ODJELIVOS ...ttt bbbttt e bbbt bbb e bbb 24

Capitulo 1: Alterations in the uterine contractility profile and in vivo assessment of o5

(anti)estrogenic effects mediated by rosuvastatin in Wistar rats .....cceceeeeeeerencnens
ADSETACT .. 27
L0 o1 1 o] o PP 28
Material and Methods ... 30
RESUIES .o 35
DISCUSSION ...ttt 37
Declaration of INTErest ... ..o 42
ACKNOWIBAGMENTS ..ot 42
RETEIENCES ...t 43
TaDIES .o, 48
FIgUIE JegeNS .o, 49
U ot e 51
Graphical ADSTIAC....... ..o 56

Capitulo 2: Short- and long-term effects on reproductive parameters of female 57

Wistar rats after exposure to rosuvastatin Since pre-puberty c.ceeeeeeeeeeeeeeeeencencenn
HIghlights ..o e 59
ADSTIACT ... 60
INEFOAUCTION ... ettt 61
Material and Methods .........oooirii 63
RESUIES .ot e 69
Dol U1 (o] R PP 71
Declaration of INTErest ... ..ot 76
ACKNOWIBAGMENTS ..o e 76
RO ENICES ..t 77
TaDIES ., 84
FIQUIE 1egeNGS ..o 86
FIgUIES .ot e 88

[©0] 3T 110157 o L 96

Referéncias BibliografiCas couveieiieieiiiiiniiiieiiiiiiiniiiiieieeresernesnsreesncesssnnn 97

APBNAICE tuiieiieiiiniiniieeneetenteasessnsontessessnsonssssesonssnsssssssnssnsssssssnssnssssnsss 101

)6 e 104
AANBXO | e e 104



11

Srtsodepi

Desenvolvimento e fisiologia reprodutiva feminina

Em mamiferos, o desenvolvimento inicial do sistema genital ocorre durante o periodo

intrauterino. Como resultado da fecundacéo, tem-se a determinacéo do sexo cromossémico do

individuo em formac&o, o qual d& inicio a uma cascata de eventos que levam a diferenciacdo

sexual. O desenvolvimento e a diferenciacdo do sistema genital feminino iniciam-se durante a

vida intrauterina e seguem até o periodo poés-natal (Vue et al., 2018). Esse sistema é

constituido por um par de ovarios, local onde sdo produzidos e maturados 0s gametas

femininos; por um par de tubas uterinas, pelo Utero, pela cérvice e pela vagina (Standring,

2010), conforme esquematizado em humanos e roedores, o modelo experimental mais

classico para estudos em fisiologia da reproducdo (Maeda et al., 2000), na figura 1.

A
—— Tuba uterina
@/l \g— Ovério
Ligamento ,
Cérvice
? Vagina
B
:— Bursa #— Ovario

*— Tuba uterina

— Utero

Cérvice
F Vagina

Ovirio

Fundo
do Gtero

Cérvice

Tuba uterina d 'j

_Como
" uterino

=——— Vagina

™ Abertura externa
da vagina

Figura 1. Organizacdo anatdmica do sistema genital feminino em humanos (A — vista anterior) e em

roedores (B e C — vista ventral), constituido por um par de ovarios, um par de tubas uterinas, o Utero, a
cérvice e a vagina. Adaptado de Vue et al. (2018) e Boyd et al. (2012).
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Em humanos, a diferenciacdo sexual se inicia ao final da quinta semana de
desenvolvimento (Schoenwolf et al., 2016), enquanto que em roedores, este processo tem
inicio por volta do nono dia gestacional (Sarraj e Drummond, 2012), com a migracdo e
proliferacdo de células germinativas primordiais até chegarem a regido das futuras génadas
(crista gonadal), as quais formam-se adjacente aos rins mesonéfricos. Ao colonizarem as
gbnadas em formacdo, as células germinativas primordiais passam por sucessivas divisdes
mitoticas e permanecem proximas umas as outras, o que leva a formacéao de ninhos de células
germinativas. Em roedores, por volta do 14° dia gestacional, as divisdes mitoticas dessas
células se encerram e logo inicia-se 0 processo de meiose, 0 qual permanece estacionada na
fase de profase I, e s6 tem sua retomada apds o nascimento, com a puberdade (Figura 2)
(Sarraj e Drummond, 2012).

Com as células germinativas também associam-se células sométicas derivadas do
epitélio celomatico e do mesénquima da crista gonadal, as quais contribuem para a formacéo
do foliculos ovarianos. Estas duas populacdes celulares sdo responsaveis pela formacéo das

células da granulosa e células da teca, respectivamente (Schoenwolf et al., 2016).

Embridao Feto Nascimento Puberdade

Colonizagdo da crista

gonadal pelas CGPs Retomada da

meiose

Proliferacdo
das CGPs

Formagao dos
foliculos ovarianos

Ovocitagdao

A Ovaério em

formagao

CGPs: Células germinativas primordiais

Figura 2. Modelo esquemaético da formacédo dos foliculos, no interior dos ovérios. Adaptado de Sarraj
e Drummond (2012).

Um par de ductos paramesonéfricos (também conhecidos com ductos de Muiller)
desenvolve-se na altura dos rins mesonéfricos, lateralmente aos ductos mesonéfricos
(Schoenwolf et al., 2016; Vue et al.,, 2018). A partir da diferenciacdo dos ductos
paramesonéfricos ocorre a formacdo das tubas uterinas, do uUtero, da cérvice e da parte

superior da vagina (Figura 3) (Vue et al., 2018).
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Periodo indiferenciado Periodo diferenciado

. e Ovidrio
Génada em formagio ) Rim mesonéfrico Tuba Uterina \:ﬁ P
Ducto mesonéfrico

|:> i

Cérvice
Vagina

Ducto paramesonéfrico

Figura 3. Modelo esquematico da diferenciacdo do ducto paramesonéfrico, em roedores, nos érgaos
constituintes do sistema genital feminino. Adaptado de Vue et al. (2018).

Ap0s 0 nascimento, o desenvolvimento reprodutivo inicial ocorre independentemente
da acdo de hormonios sexuais, uma vez que o eixo hipotalamico-hipofisario-ovariano (HHO)
encontra-se quiescente. Nos ovarios, o desenvolvimento folicular inicial ocorre sem a
necessidade de influéncias dos horménios hipofisario gonadotréficos FSH (hormonio
foliculo-estimulante) e LH (hormonio luteinizante). Desta forma, os foliculos primordiais
recém-formados, contendo o ovocito priméario circundado por células foliculares
pavimentosas, chegam ao estdgio de foliculos primarios e, em seguida, de foliculos
secundarios (Picut et al., 2015) por influéncia de fatores produzidos pelas proprias células

foliculares que circundam o ovdcito (Ojeda e Skinner, 2006).

O desenvolvimento e a histoarquitetura uterina também se completam no periodo pds-
natal. Na morfogénese uterina estabelecem-se dois compartimentos funcionais, sdo eles o
endométrio e 0 miometrio, os quais sdo envoltos pelo perimétrio (Figura 4) (Vue et al., 2018).
O endométrio é constituido por duas populacdes de células epiteliais, sendo as células do
epitélio luminal e as células do epitélio glandular. Além disso, também apresenta dois
compartimentos estromais, nos quais se encontram vasos sanguineos e células do sistema
imunologico (Boyd et al., 2012; Vue et al., 2018). O miométrio corresponde & camada
muscular da parede uterina, a qual é constituida por musculatura lisa organizada em duas
subcamadas, no caso de roedores: uma subcamada circular interna e a outra longitudinal
externa (Boyd et al., 2012; Vue et al., 2018).
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Ovario
N

P
} {:\ Tuba uterina %i

L .
' _ Corno
i uterino

A
<\%
Fundo |
do utero
w. L Cérvice l |
ik - \ Abertura externa
da vagina

Figura 4. Aspecto histolégico do Gtero de roedor e de suas camadas, em corte transversal. L: Luz; E:
Endométrio; M circ: Camada circular do miométrio; M long: Camada longitudinal do miométrio; P:
Perimétrio. Modelo esquematico a direita adaptado de Boyd et al. (2012); Representa¢des histoldgicas

produzidas e coradas com eosina e hematoxilina, pelo Laborat6rio ReproTox.

Durante a pré-puberdade, o eixo HHO comeca a exercer sua atividade, com a secre¢do
do hormonio liberador de gonadotrofina (GnRH) pelo hipotadlamo, que estimula a adeno-
hipofise a liberar FSH e LH. As gbnadas gradualmente se tornam mais sensiveis aos
estimulos dessas duas gonadotrofinas, e tém um aumento consideravel na sua taxa de
crescimento, passando a liberar horménios esteroides na corrente sanguinea, eventos que

culminam na instalacéo da puberdade (Rosenfield et al., 2015).

Sé&o estabelecidos cinco diferentes estagios do desenvolvimento pds-natal em roedores,
comparadas com 0 humano, sendo elas a fase neonatal, infantil, juvenil, peri-puberal e pabere
(Picut et al., 2014; 2015). As respectivas idades correspondentes entre ratos e humanos, bem
como modificagbes morfolégicas observadas nos ovarios e no Utero de roedores séo

apresentados na tabela 1.



Tabela 1. Estagios do desenvolvimento pds-natal em roedores.
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Estagio Rato Humano Ovario Utero
Neonatal DPNO-7 0a28dias | -Apoptose de ovogonias; -Quiescente.
-Predominio de foliculos primordiais
no cortex;
-Foliculos primarios e secundarios na
medula.
Infantil DPN8-20 | 1a23meses | -Expansdo dos foliculos secundarios; | -Quiescente;
-Surgimento da zona pelUcida; -Presenca de epitélio glandular
-Desenvolvimento  dos  primeiros | cuboide no endométrio.
foliculos terciérios;
-Presenca de foliculos atipicos;
Juvenil DPN21-32 | 2a12anos | -Apoptose de células da granulosa; -Quiescente;
-Ondas foliculares em atresia na
medula; -Presenca de infiltrado leucocitério;
-Crescimento de foliculos terciarios. | -Expansdo do epitélio glandular
cuboide do endométrio.
Peri-ptbere | DPN 33-37 277 * -Foliculos pré-ovulatérios ja séo | -Poucas figuras mitéticas sdo vistas
observados; no epitélio glandular do
-Corpos lUteos ausentes; endomeétrio.
-Foliculos atrésicos em numero
reduzido.
Plbere DPN 38 —-46 | 12 a 16 anos | -Corpos lateos recém-formados ja | -Expansdo do epitélio glandular

presentes;

cuboide do endométrio.

-Poucas figuras mitéticas e de
vacuolizacdo sdo vistas no epitélio
glandular do endométrio;
-Alteragdes ciclicas no endométrio

e miométrio.

*Estagio ainda ndo definido para o ser humano. Informagdes adaptadas de Picut et al. (2014; 2015).
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Com a chegada a puberdade, a capacidade reprodutiva é estabelecida, evento que
envolve alteragdes complexas de carater morfologico, fisiolégico, comportamental e
psicolégico no individuo do sexo feminino, com destaque ao desenvolvimento ovariano e ao
desenvolvimento de caracteristicas relacionadas a maturidade sexual (Castellano et al., 2018).
Em roedores, a chegada a puberdade é observada por volta dos 30-40 dias de idade nas
fémeas (Maeda et al., 2000), por meio de sinais fisicos externos, como a completa canalizagdo
da vagina, conhecida como abertura vaginal, e a observacdo de células epiteliais
queratinizadas nessa regido, caracterizando-se o primeiro estro e a primeira ovocitacdo (Ojeda
e Skinner, 2006; Castellano et al., 2018).

A partir da puberdade ocorre o inicio da capacidade reprodutiva, com a geracdo de
descendentes, que pode ocorrer multiplas vezes ao longo da vida de um individuo, e encerra-
se na senescéncia reprodutiva, periodo conhecido como menopausa, em fémeas (Christian,
2007). A capacidade reprodutiva em mamiferos ocorre de forma ciclica, por meio de ciclos
menstruais, no caso dos primatas, ou ciclos estrais em roedores e nos demais mamiferos

eutérios ndo primatas (Boyd et al., 2012).

A ciclicidade reprodutiva envolve uma sequéncia de eventos que ocorrem nos OVarios,
no Utero e sistemicamente nas fémeas, guiadas pelas variacbes hormonais a cada ciclo. Os
eventos ciclicos que ocorrem nos ovarios estdo relacionados com a maturacdo ovocitaria, a
foliculogénese, a ovocitacdo e a formacdo do corpo lateo (Christian, 2007). Ja os eventos que
ocorrem no Utero ciclicamente envolvem principalmente o desenvolvimento e a regressao do

endométrio e de suas glandulas (Boyd et al., 2012).

Ainda com relacgdo as alteracfes que ocorrem a cada ciclo reprodutivo, o crescimento
do Utero e a atividade contratil promovida pelo miométrio estdo sob constante controle
hormonal. Tal atividade € de grande relevancia para a fertilidade feminina, uma vez que ela
estd associada com a conducdo e a promog¢do do encontro dos gametas, a conducdo do pré-
embrido até o local de implantagcdo, a manutencdo do desenvolvimento da prole, e a expulsédo

do concepto durante o parto (Spencer at al., 2005; Abbas et al., 2019).

Colesterol e suas implicacfes

Trabalhos tém associado os hébitos de vida, a administracdo de diferentes classes de

medicamentos e o0 contato com moléculas presentes no ambiente com prejuizos a capacidade
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reprodutiva feminina, por meio de estudos em diferentes modelos experimentais. Por
exemplo, estudos que relacionam a obesidade com a funcdo reprodutiva indicam que esta
doenca esta associada com disfungbes ovulatérias, aumento na incidéncia de perdas
gestacionais, e maior ocorréncia de morbidades gestacionais, como a pré-eclampsia, diabetes

gestacional e parto prematuro (Legro, 2017).

Nas ultimas décadas, uma molécula orgéanica de natureza lipidica vem ganhando
atencdo de diversos pesquisadores e centros de pesquisa: 0 colesterol. Com excegdo a
membrana mitocondrial interna, esta molécula de carater anfipatico pode ser encontrada em
todas as membranas bioldgicas das células animais, e é responsavel por reduzir a fluidez desta
estrutura celular. Além de sua funcdo estrutural nas membranas, o colesterol também ¢é
precursor de sais biliares, da vitamina D e hormdnios esteroides, como aqueles produzidos

pela glandula adrenal e pelas gbnadas (Carvalho e Recco-Pimentel, 2013; Wulp et al., 2013).

A biossintese do colesterol ocorre a partir de seu precursor, a molécula de acetil-CoA.
Durante sua complexa via metabdlica, dezoito moléculas de acetil-CoA sdo utilizadas para
constituir uma molécula de colesterol (Wulp et al., 2013). Uma das enzimas de grande
importancia neste processo biossintético € a 3-hidroxi-3-metilglutaril-CoA redutase (HMG-
CoA redutase). Esta enzima atua em uma etapa muito precoce e limitante da sintese do
colesterol, na qual o HMG-CoA ¢é convertido em mevalonato (Wulp et al., 2013; DelLucia et
al., 2014).

De modo geral, o colesterol pode ser sintetizado pelo nosso organismo ou ingerido por
meio do consumo de alimentos de origem animal (Morzycki, 2014). No organismo, 0
colesterol é transportado pelo sangue na forma de lipoproteinas, e estas apresentam variaces
quanto a sua densidade e composi¢cdo (Wulp et al., 2013). Dentre as classes de lipoproteinas,
as que apresentam menor densidade, como as particulas de LDL-colesterol (Low-density
lipoprotein) séo transportadas para as paredes dos vasos sanguineos, onde sdo oxidadas pelas
células endoteliais e macréfagos (Rang et al., 2008). Por meio de diversas reagdes de
oxidacéo, ocorre a liberacdo de subprodutos de natureza toxica, os quais tém sido associados
ao estabelecimento e progressdo de doengas cronicas, como aterosclerose e desordens
cardiovasculares (Morzycki, 2014; McEvoy et al., 2017), processos neurodegenerativos,

diabetes e faléncia renal (Morzycki, 2014).

A elevacdo do colesterol no organismo dos individuos, uma condi¢do enquadrada

dentro das dislipidemias ou hiperlipidemias (DeLucia et al., 2014), tem sido associada aos
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habitos alimentares precarios e ao sedentarismo, problema que tem se estabelecido cada vez
mais cedo na populagdo (Ross, 2016). Estudos em 2008 mostram que das 17,3 milhdes de
mortes relacionadas com problemas cardiovasculares notificadas por todo o mundo, 15%
delas foram causadas por hipercolesterolemia (McEvoy et al., 2017). Além disso, estima-se
que uma fracdo considerdvel das criangas e adolescentes com idade entre 8 e 17 anos,
principalmente meninas, apresentem as concentracfes lipidicas no organismo elevadas
(Colesterol total > 200mg/dL) (Kit et al., 2015; Ross, 2016).

Estratégias farmacoldgicas sdo empregadas com o objetivo de controlar ou reduzir os
niveis de colesterol de individuos com hipercolesterolemia, como € o caso dos fibratos, dos
inibidores da absorcdo de colesterol, do &cido nicotinico e seus derivados, de derivados de

6leos de peixes, e das estatinas (Rang et al., 2008; DeL.ucia et al., 2014).

Estatinas: Aspectos gerais

As estatinas, farmacos de maior destaque no controle dos niveis de colesterol (Patel e
Kothari, 2016), atuam de maneira inibitoria sobre a enzima HMG-CoA redutase, e acabam
por impedir a biossintese desta molécula no organismo (Figura 5) (Rang et al., 2008; DeLucia
et al., 2014). Estes farmacos, autorizados para comercializacdo, podem ser classificados em
dois diferentes grupos: as estatinas derivadas de fermentacdo, como a sinvastatina e a
pravastatina, e as estatinas sintéticas, como a atorvastatina, a fluvastatina e a rosuvastatina
(Grover et al., 2014). Destas, a estatina de menor poténcia é a fluvastatina, ao passo que, as de
maior poténcia sdo a atorvastatina e a rosuvastatina (Golan et al., 2009).

Geranil-PP

Acetil-CoA ————>{ HMG-CoA }—){ Mevalonato H Isopentenil-PP

Estatinas =]

Farnesil-PP

HMG-CoA Esqualeno
redutase H
1
v
Colesterol

Figura 5. Mecanismo de agdo das estatinas, de forma inibitoria sobre a enzima HMG-CoA redutase,

de modo a reduzir biossintese do colesterol.
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Os efeitos das estatinas ndo tém se limitado apenas a prevengdo do risco de doengas
cardiovasculares pela reducdo das concentragdes de colesterol no organismo, como se
acreditava (Girardi, 2014). Parte dos efeitos benéficos associados a administracao desta classe
de farmacos tem sido atribuida aos seus efeitos pleiotropicos, os quais independem da
inibicdo da biossintese do colesterol, como a protecdo endotelial, as propriedades antioxidante
e anti-inflamatoria, a redugdo na resposta trombogeénica, os efeitos pro-angiogénicos (Girardi,
2014; Rohilla et al., 2016) e imunomoduladores (Ferri e Corsini, 2014).

Por conta de seus efeitos pleiotrépicos, as estatinas passaram a ser consideradas
efetivas no tratamento de outras condi¢fes patoldgicas, ndo necessariamente relacionadas ao
perfil lipidico do paciente, tais como artrite reumatoide, tromboembolismo venoso, doencas

hepaticas e sindrome do ovério policistico (Ferri e Corsini, 2014).

Rosuvastatina

Dentre as estatinas, a rosuvastatina (Figura 4), é uma das mais recentes da classe
(Olsson et al., 2002), comercializada nas doses de 5mg, 10mg, 20mg e 40mg para
administracdo oral, e tem mostrado melhores resultados na reducdo das concentracfes de
LDL-colesterol em comparacdo a outras estatinas, como a atorvastatina ou a sinvastatina, as

quais necessitam de doses maiores para se obter resultados semelhantes (Cortese et al., 2016).

Figura 6. Estrutura quimica da rosuvastatina, na qual

S
H.C Y evidencia-se o farmacdforo que confere a atividade
3 \S/N\CHs biol6gica mais conhecida das estatinas. Adaptado de
7, N
o’ o McTaggart et al. (2001).
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Assim como as outras estatinas, a rosuvastatina se liga a enzima HMG-CoA redutase
por meio de seu grupo funcional (farmac6foro) constituido por um &cido heptanoico
(McTaggart et al.,, 2001; Cortese et al., 2016). Desta forma, por competicdo pelo sitio
catalitico da enzima, a rosuvastatina e as outras estatinas impedem que a HMG-CoA seja
convertida em mevalonato e, consequentemente, impede a biossintese do colesterol (Holdgate
et al., 2003).

Efeitos das estatinas sobre a fungdo reprodutiva

Com relacdo aos efeitos das estatinas sobre a funcdo reprodutiva, estudos tém
mostrado diferentes resultados sobre a sua utilizacdo. Em machos, a partir de estudos
conduzidos por nosso Laboratério, a exposicdo de ratos a rosuvastatin, nas doses de 3 e 10 mg
/ Kg / dia, desde a pré-puberdade, esta associada a consequéncias para a saude reprodutiva,
como atraso da instalacdo da puberdade, prejuizos a qualidade espermatica, reducdo nas
concentragcfes androgénicas e danos ao DNA espermaético (Leite et al., 2014; 2017a,b). Além
disso, o prejuizo na fungdo reprodutiva de ratos expostos a rosuvastatina durante a peri-
puberdade se evidencia ainda mais pela sinalizacdo hormonal alterada, avaliada pelo padréo
de imunomarcacdo de receptores androgénicos e estrogénicos, e aumento em marcadores de
estresse oxidativo e de células germinativas mortas nos testiculos destes animais (Leite et al.,
2018a).

Nosso grupo de pesquisa também investigou os efeitos da exposi¢do a rosuvastatina
em ratos durante a idade adulta, e o tratamento diario com 5 mg / kg dessa estatina é capaz de
afetar a frequéncia ejaculatdria, bem como a morfologia epididimaria sem afetar os niveis de

testosterona dos animais (Silva et al., 2020).

Em estudo in vitro, associando-se estatinas em cultura de células de Leydig de ratos,
nota-se a inibicdo da sintese de testosterona (Klinefelter et al., 2014). Um trabalho clinico,
com pacientes que faziam o uso de atorvastatina, mostrou relagdo entre o uso da estatina com
a queda nas concentracOes séricas de deidroepiandrosterona, um esteroide androgénico
precursor da testosterona e de estr6genos (Dogru et al., 2008). Entretanto, neste mesmo
estudo, parte dos pacientes que inicialmente apresentavam problemas relacionados a
disfuncdo erétil e baixa libido, posteriormente apresentaram melhora nestes parametros
(Dogru et al., 2008).
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Dados mais recentes publicados por nosso Laboratorio indicam que a exposi¢cdo a
rosuvastatina em ratos durante a peri-puberdade tem potencial para alterar parametros
reprodutivos de forma transgeracional, ja que a prole masculina desses ratos apresenta
aumento na fragmentacdo de DNA espermatico, deplecdo androgénica, alteracGes estruturais
nos testiculos e epididimos, além de prejuizos a qualidade espermética (Leite et al., 2018b). A
prole feminina, por sua vez, também mostra alteracfes na funcdo reprodutiva, evidenciada
pela diminuicdo da contagem de corpos luteos nos ovarios, além de alteragdes
histomorfométricas no epitélio luminal uterino e desregulacdo dos niveis de LH durante a
puberdade (Leite et al., 2018c).

Ja os estudos que abordam a relacdo direta entre 0 uso de estatinas e a reproducao
feminina mostram que a exposi¢do in vitro de células da teca ovariana de ratas a mevastatina,
¢ associada a inibicdo da proliferacdo destas células, além da reducdo na sintese de
testosterona e progesterona por elas (Izquierdo et al., 2004). Outro estudo, conduzido por
Guldvang e colaboradores (2015), mostrou que tanto a sinvastatina, uma pré-droga, quanto
seu metabolito ativo, apresenta potencial para impactar o eixo hipotalamico-hipofisario-
gonadal de fémeas, de modo a reduzir as concentra¢cdes de hormdnio foliculo estimulante

(FSH) e progesterona, dois horménios de suma importancia para a reproducao feminina.

Embora estudos clinicos sobre a associacdo do uso de estatinas e a funcdo gonadal e
reprodutiva de mulheres adultas ndo indicarem disfuncdes relevantes derivadas dessa terapia
(Ali et al., 2014), o uso de estatinas, até o momento, ndo é recomendado para mulheres que
estejam tentando engravidar, gestantes e lactantes (ANVISA, 2010; Zarek et al., 2013; Karalis
et al., 2016), sendo medicamentos considerados pela Food and Drug Administration (FDA)
como de classe X, cujos riscos de maleficios para o desenvolvimento da prole aparentam ser
maiores do que seu potencial beneficio (Zarek et al., 2013). No caso da rosuvastatina, ndo
existem estudos de associacdao entre o uso dessa estatina durante a gestacdo e prejuizos ao
desenvolvimento embrionario/fetal em humanos. Porém, conforme informativo do FDA, em
modelos experimentais de roedores, a exposicdo a doses elevadas de rosuvastatina durante a
prenhez (10 vezes maior que as doses humanas), pode levar a reducéo nas taxas de sobrevida
e no peso dos filhotes, em especial das fémeas, além de atrasar o processo de ossificagcdo
(FDA, 2010).

Mesmo com os relatos anteriores de efeitos adversos das estatinas sobre a fungéo

reprodutiva em diferentes modelos e delineamentos experimentais, essa classe farmacoldgica
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ainda vem sendo explorada como um mecanismo adjuvante, melhorando parametros
reprodutivos e fisiologicos em diferentes condi¢Bes patoldgicas. Em ratos machos induzidos a
diabetes, o tratamento com rosuvastatina foi capaz de melhorar danos reprodutivos trazidos
por essa disfuncdo, atuando de forma anti-inflamatdria, antioxidante e anti-apoptética nos
testiculos (Heeba e Hamza, 2015). Outro exemplo, em ratas prenhes induzidas a hipertensao
gestacional, de modo a mimetizar a pré-eclampsia, o tratamento com pravastatina foi
responsavel por prevenir a elevacdo da pressdo sanguinea e o desequilibrio de fatores
angiogénicos placentarios, além de impedir a restricdo de crescimento fetal, problemas

decorrentes da pré-eclampsia (Chimini et al., 2018).

E importante ressaltar que estudos sobre os efeitos da exposicdo a rosuvastatina e as
consequéncias, sejam elas positivas ou negativas, sobre o sistema genital feminino
permanecem escassos. Além disso, a partir do fato de que esses farmacos tém sido utilizados
cada vez mais cedo pela populacdo por conta dos habitos sedentarios e maus habitos
alimentares, de modo a reduzir as concentragdes de colesterol totais (Kit et al., 2015; Ross,
2016), temos que levar em consideracdo que a faixa etaria infanto-juvenil trata-se de um
periodo critico do desenvolvimento pds-natal, com o estabelecimento da puberdade (Sultan et
al., 2017). Essa analogia se torna ainda mais preocupante, uma vez que a puberdade é
influenciada por fatores neuroendécrinos, como os horménios esteroides, dos quais destacam-

se a testosterona, 0 estrogeno e a progesterona, derivados do colesterol.

Desta forma, existe a necessidade de se compreender 0s possiveis efeitos que a
rosuvastatina pode trazer para o desenvolvimento reprodutivo e para a fertilidade feminina,
para que, a partir de um modelo experimental, possam ser extraidos os possiveis efeitos

translacionais e suas implicacGes para a salde reprodutiva do ser humano.
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Este trabalho justifica-se pela crescente aplicacdo da rosuvastatina em individuos cada

vez mais jovens e em diferentes condi¢fes patologicas ndo ligadas necessariamente ao perfil
lipidico alterado, utilizando-se de seus efeitos pleiotropicos, cujos mecanismos de acéo
permanecem pouco conhecidos e pela escassez de estudos que abordem os efeitos dessa

estatina sobre a reproducdo feminina.

Além disso, com base em estudos anteriores, os quais indicam prejuizos a funcédo
reprodutiva ap0s a exposicdo a estatinas em diferentes modelos experimentais, tém-se a
necessidade de se investigar os riscos que a rosuvastatina pode trazer a reproducdo feminina,
uma vez que todo o desenvolvimento e a fisiologia reprodutiva feminina sdo orquestrados por
eventos e fatores altamente complexos, nos quais incluem-se os hormonios esteroides,

derivados da molécula de colesterol, cuja biossintese é inibida por acdo das estatinas.
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Objetivo Geral

O objetivo deste trabalho foi investigar os possiveis efeitos da exposi¢do prolongada
ao agente hipolipemiante rosuvastatina, desde a pré-puberdade até a idade adulta, sobre
parametros reprodutivos de ratas Wistar, bem como avaliar os possiveis efeitos de

desregulacdo enddcrina e de acdo da rosuvastatina sobre a motilidade uterina.

Objetivos Especificos

=>» Avaliar se a rosuvastatina pode promover alteraces nos pesos corporais e de
orgdos reprodutivos, no eixo hipotalamico-hipofisario-ovariano, na histofisiologia de
ovarios e Utero, na ciclicidade reprodutiva, no comportamento sexual e no

desempenho reprodutivo de ratas Wistar.

=>» Investigar se os efeitos da rosuvastatina podem ser mediados por interagdes com

vias estrogénicas ou antiestrogéncias.

=> Auvaliar os efeitos da exposigéo in vivo e in vitro da rosuvastatina sobre a atividade

contrétil uterina, tanto em periodo nao-gravidico quanto em periodo gravidico.
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gW 7

O trabalho desenvolvido com avalicbes de perfil contrdtil uterino e

estrogenicidade/antiestrogenicidade associada & exposi¢do a rosuvastatina, deu origem ao
manuscrito “Alterations in the uterine contractility profile and in vivo assessment of
(anti)estrogenic effects mediated by rosuvastatin in Wistar rats”, a ser submetido para

publicacdo no periédico Toxicology and Applied Pharmacology (Fator de impacto: 3,585).
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Abstract

Statins are HMG-CoA reductase inhibitor drugs that lead to serum cholesterol lowering
effects. Rosuvastatin, a last generation statin, shows better results in reducing cholesterol
concentrations when compared to other highly prescribed statins. Recent studies of our group
reported that rosuvastatin impairs reproductive function in rats possibly by disrupting
reproductive endocrine axis. In this study, we evaluated whether rosuvastatin presents
estrogenic or antiestrogenic effects, by in vivo uterotrophic assay in rats, and we investigated
the direct effect of this drug upon rat uterine tissue contractility ex vivo and in vitro both in
non-gravid and gravid periods. Rosuvastatin exposure in vivo exposure at doses of 0 (control),
3 and 10 mg / kg / day was not associated with estrogenic and antiestrogenic effects on uterine
tissue. However, in vivo (doses of 0, 3 and 10 mg / kg / day) and in vitro (concentrations of 0,
1, 10 and 100 pg / mL) exposures to this drug is related to alterations in uterine basal
contraction pattern. Also, in vivo and in vitro rosuvastatin exposures potentially modulate the
action of uterine contraction inducer agents. Thus, rosuvastatin can affect uterine physiology
not necessarily by an endocrine mechanism related to the estrogen signaling, but possibly by
direct and/or indirect tissue interactions, requiring further studies upon the precise mechanism

of action of this drug in female reproductive function.

Keywords: Statin; Uterine Activity; Estrogenicity; Reproductive Toxicology.
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1. Introduction

Statins correspond to a class of drugs in which the main mechanism of action is the
competitive inhibition of the enzyme 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA)
reductase and consequently inhibit cellular cholesterol biosynthesis (Schachter, 2005). Thus,
statins are the drugs of choice for treatment of hypercholesterolemia (McTaggart et al., 2001;
Schachter, 2005). Additionally, the use of this class of drugs is rising on the treatment of
many pathological conditions because of the beneficial effects promoted by statins, through
secondary pathways other than lipid-modifying action already known (Cortese et al., 2016;
Ferri and Corsini, 2014). These pleiotropic effects are associated with endothelial protection,
anti-inflammatory and antioxidant effects, and prevention or treatment of several
cardiovascular and metabolic diseases (Cortese et al., 2016).

Rosuvastatin is a member of the statin class and has shown a higher inhibitory
potential on HMG-CoA reductase when compared to other well-known statins, such as
simvastatin and atorvastatin (McTaggart et al., 2001). This compound presents hydrophilic
property and its effects as a HMG-CoA reductase inhibitor is selectively exerted on
hepatocytes (Olsson et al., 2002). Given its properties, rosuvastatin is thought to be limited to
penetrate extrahepatic tissues and consequently with low risks to cause adverse effects (Calza,
2009).

Recently, studies conducted by our group, with rosuvastatin exposure during peri-
pubertal period in male rats, revealed that this drug leads to reproductive impairments in
adulthood. Rosuvastatin, at doses of 3 and 10 mg / kg, is able to delay pubertal development,
reduce sperm quality, impair spermatogenesis and alter hormonal signaling (Leite et al., 2019,
2018b, 2014). Also, peri-pubertal rosuvastatin exposure in male rats might affect reproductive
function in an intergeneration manner, by damaging ovarian and uterine histophysiology of

female offspring (Leite et al., 2018a).
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Our group additionally investigated the effects of rosuvastatin exposure in rats during
adulthood, and found that chronicle daily treatment with 5 mg / kg of this statin is able to
affects male sexual behavior and epididymis morphology without affecting testosterone levels
(E Silva et al., 2020).

Almost half of the population submitted to statin therapy is composed by women
(Lewey et al., 2013), nevertheless studies regarding the effects of rosuvastatin and other
statins on the female reproductive function remains inconclusive. While in vivo and in vitro
studies show that statins affect sex hormones synthesis and signaling (Guldvang et al., 2015;
Izquierdo et al., 2004; Klinefelter et al., 2014), clinical studies did not find evidences that
support the negative impact of statins therapy on reproductive parameters of female patients
(Ali et al., 2015; Lavie et al., 2013). Furthermore, the use of statins during pregnancy is still
contraindicated once the possible gestational and developmental complications promoted by
these drugs are poorly known (Karalis et al., 2016).

The uterus is an essential organ for female fertility and its development and function
is under hormonal control, especially of estrogens (Condon et al., 2020; Spencer et al., 2005).
It is known that exposure to endocrine disruptors at different stages of life are associated with
abnormal function of uterus and might lead to infertility and/or reduced reproductive
performance (Guerra et al., 2013; Spencer et al., 2005).

Together, these data raise the doubt whether rosuvastatin might act as an endocrine
disruptor or act directly in different tissues, potentially impairing reproductive function. Thus,
the present study aimed to investigate the potential effects of rosuvastatin as an estrogenic
and/or antiestrogenic agent. Also, we evaluated the effects of in vivo and in vitro exposure of
uterine tissue to rosuvastatin and its effects upon the myometrial contractility both in non-

gravid and gravid rats.
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2. Material and Methods
2.1. Animals

Adult male and female Wistar rats (80 days old) were obtained from the Central
Biotherium, Sdo Paulo State University (UNESP), campus Botucatu/SP, Brazil, and
maintained under controlled conditions (12h of light/12h of darkness; average temperature of
23 °C) on the Small Mammal Biotherium of Morphology Department, at the UNESP,
Institute of Biosciences of Botucatu, with food and water ad libitum. The animals were kept
according to the Ethical Principles for Animal Experimentation, adopted by the Brazilian
College of Animal Experimentation. The project was filed under protocol nhumber 1089 with
the Ethics Committee on Animal Experimentation of the UNESP Institute of Biosciences, in
Botucatu.

The mating of these animals in order to obtain pregnant females and the pups was
performed during the dark period of the light/dark cycle, with 2 females being placed in the
male cage. The gestational day (GD) O was determined by the presence of spermatozoa in
vaginal smears of females in estrus. Pregnant females were then kept in individual cages.
After birth, the number of pups per litter was reduced to 8, balancing 3 male and 5 female

pups at postnatal day (PND) 1.

2.2. Uterotrophic assay: In vivo evaluation of (anti)estrogenic potential of rosuvastatin
At weaning, on PND 21, female pups were randomly distributed among six
experimental groups (one pup per litter for each group; n = 7/group), keeping the same body
weight mean for each group. Primarily, experimental groups were treated with saline
(Control); or rosuvastatin (purchased at a commercial pharmacy, Farmécia Cruz Vermelha,
Botucatu/SP, Brazil) at two different doses: 3 or 10 mg / Kg / day diluted in saline.

Additionaly, the experimental groups received the treatment associated or not with 0.4mg /



31

Kg / day of estradiol benzoate (B-estradiol 3-benzoate, Sigma, St. Louis, Missouri, USA),
diluted in corn oil. Groups that did not receive estradiol benzoate were treated with corn oil.
The treatment was performed daily and by oral administration (gavage) from PND 21 to PND
23.

On PND 24, female rats were weighted and then euthanized by decapitation following
narcosis in CO,. Weight of uterus with fluid was recorded, and then this organ was punctured
by a thin needle to withdraw the fluid and weighted again. Ovaries and liver were also
collected and weighted. Organ weights were divided by the body weight and multiplied by
100, in order to determine the relative organ weights (%).

The doses of rosuvastatin chosen for this study are based on the lowest and higher
doses applied in human therapy for children (Leite et al., 2019, 2018b), adapted for rodents
considering their body surface area, as proposed by Reagan-Shaw et al. (2008). The estradiol
dose was chosen based on Andrade et al. (2002) and Guerra et al. (2016), which corresponds

to a dose sufficient to promote uterine growth in rats.

2.3. Ex vivo pharmacological reactivity of uterine fragments

Soon after the weaning, on PND 21, female pups were randomly distributed among
three experimental groups (n = 10/group): control group, which received treatment with
saline; and rosuvastatin groups, which received the statin at doses of 3 or 10 mg / Kg / day
diluted in saline. The treatment was performed daily and by oral administration since PND 22,
and finished on the first estrus after PND 75, at adulthood.

Half of the animals of each group was euthanized during the estrus phase, and the
uterus was collected for the pharmacological reactivity assay of non-gravid uterus. The other
animals were mated with non-treated male rats during the dark period of the light/dark cycle,

in order to obtain pregnant rats. The pregnant rats were then kept in individual cages until GD
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20, when they were euthanized and the gravid uterus was collected. The right uterine horn
from non-gravid and gravid females of experimental groups was isolated, trimmed free of fat
and transversal fragments of 5mm were obtained from its medial portion. For gravid uterus,
fetuses and placentas were removed, and the uterine fragments contained one implantation
site for this assay.

Tissues were mounted in 10mL organ baths in a modified Tyrode’s solution
(composition in mM: NaCl 274.0; KCI 11.27; CaCl2 3.6; Glucose 11.1; NaHCO3 29.76;
NaH2PO4 0.83) at 37°C under 1g resting tension and allowed a 30 min equilibration period.
After the resting period, tissues were repeatedly challenged with KCI 80mM every 30min
until two reproducible contractions were obtained. Again, the tissues were allowed to rest
during 30min and the basal contractility was recorded after the stabilization.

After the resting period, tissues were challenged with 100uL of carbachol 10°M (a
selective agonist for muscarinic receptors) and the tissue response was recorded during 7min.
Then the tissues were washed and allowed to rest for 30min. The same procedures were
performed with 100pL of norepinephrine 10°M (a selective agonist for adrenergic receptors)
associated with 100uL of propranolol 10°M (a selective antagonist for B-adrenergic
receptors). The contractility profile was evaluated by the area under the curve (AUC) and

frequency of contractions (modified from Borges et al., 2017).

2.4. In vitro pharmacological reactivity of non-gravid uterine fragments

Six non-treated and nulliparous adult female rats (85-90 days of age; one female from
each litter) were euthanized during estrus phase of reproductive cycle, and the uteri was
collected and trimmed free of fat. One uterine ring of approximately 5mm of height was

isolated from the medial part of each uterine horn.
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Each uterine ring was mounted in 10mL organ baths (Ch) in a modified Tyrode’s
solution at 37°C, under 1g resting tension and allowed a 30min equilibration period, as
follows: Chl — uterine ring obtained from right uterine horn; Ch2 — uterine ring obtained from
left uterine horn. After the resting period, the tissues were repeatedly challenged with KCI
80mM every 30min until two reproducible contractions were obtained in order to observe the
tissue viability.

After the resting period, the uterine rings in each Ch were incubated for 45min with
rosuvastatin diluted in distilled water and dimethylsulfoxide (DMSO, 0.2%), at different
concentrations: 0 (Control), 1, 10, and 100 pg / mL. The concentrations were chosen based on
Moussa et al. (2018) that found the maximum concentration of 10ug/mL in rat plasma after
oral treatment with rosuvastatin at dose of 1mg/Kg. Herein this concentration was
extrapolated to 10x lower and higher values.

After the incubation period, tissues in Chl were challenged with 100uL of carbachol
10°M and the tissue response was recorded during 7min. Then tissues were washed and
allowed to rest for 15min, and the next incubation with rosuvastatin was performed in the Ch.
The same procedures were performed in Ch2 with 100uL of norepinephrine 10°°M, associated
with 100uL of propranolol 10°M. The contractility profile of the uterine tissues was

evaluated by the AUC and frequency of contractions.

2.5. In vitro pharmacological reactivity of gravid uterine fragments

Other six non-treated and nulliparous adult female rats were mated with non-treated
male rats during the dark period of the light/dark cycle, in order to obtain pregnant rats. The
pregnant rats were then kept in individual cages until GD 20, when they were euthanized and
the gravid uterus were collected and trimmed free of fat, fetuses and placentas. Two uterine

rings were isolated from the medial part of the right uterine horn, and one uterine ring was
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isolated from the left uterine horn. Each uterine ring contained one implantation site for this
assay.

Similarly to non-gravid uterine rings, the tissues were mounted in 10mL organ bath, in
a modified Tyrode’s solution, and viability of the tissues was tested with KCI 80mM. The
uterine rings were also allocated among the organ baths (Ch) as follow: Chl and Ch2 —
uterine rings obtained from right uterine horn; Ch3 — uterine ring obtained from left uterine
horn.

After the resting period, the uterine rings in each Ch were incubated for 45min with
rosuvastatin diluted in distilled water and dimethylsulfoxide (DMSO, 0.2%), at different
concentrations: 0 (Control), 1, 10, and 100 pg / mL. Following the incubation period, tissues
in Chl were challenged with 100pL of prostaglandin E2 10°M and the tissue response was
recorded during 7min. Then tissues were washed and allowed to rest for 15min, and the next
incubation with rosuvastatin was performed in the Ch. The same procedures were performed
in Ch2 with 100uL of carbachol 10°M; and in Ch3 with 100uL of norepinephrine 10°M
associated with 100uL propranolol 10°M. The contractility profile of the uterine tissues was

evaluated by the AUC and frequency of contractions.

2.6. Statistical analysis

Data are presented as mean + standard error of mean (S.E.M.). The results were
compared among groups by One-way ANOVA followed by Tukey’s test, for parametric
variables. Differences were considered statistically significant when p < 0.05. Statistical

analyses were performed using the software GraphPad Prism (version 6.0).
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3. Results

Assessment of possible estrogenic effects associated with rosuvastatin exposure did
not show any alteration on uterine weight of groups treated with this statin when compared
with control group, as evidenced by estradiol positive control (Figure 1-A). Antiestrogenic
effects were also not seen after the association of rosuvastatin and estradiol, as shown by
uterine weight (Figure 1-B). Moreover, weights of ovaries and liver did not show alterations
among experimental groups (Table 1).

Long-term treatment with rosuvastatin presented alterations in the uterine contractility
profile. Basal contractility of non-gravid uterus was increased by the in vivo exposure to the
highest dose of rosuvastatin, as showed by the increase in the AUC and in the frequency of
contractions. On the other hand, basal contractions of gravid uterus were not affected by this
statin (Figure 2).

The uterine tissues of non-gravid and treated animals did not show alterations in the
contractile activity when challenged with carbachol or norepinephrine. However, the pattern
of contractions of gravid uterus was affected by the treatment when the tissues were
challenged with the same agonists. Contractions induced by carbachol were decreased in the
animals exposed in vivo to both doses of rosuvastatin, as showed by the reduced AUC.
Despite that, contractions induced by norepinephrine did not show to be affected by the
treatment with rosuvastatin (Figure 3).

Uterine pattern of contraction assessed in vitro showed alterations in association with
crescent concentrations of rosuvastatin. Concentrations at 10 and 100 pg/mL of this statin
reduced the frequency of basal contractions in both non-gravid and in gravid uterine tissues
(Figure 4) without affecting the AUC.

Non-gravid uterine rings did not present alterations in the contractility profile when

challenged with a sympathetic neurotransmitter associated with crescent rosuvastatin
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concentrations. However, uterine tissues challenged with parasympathetic neurotransmitter,
after incubation with rosuvastatin, showed changes in the contractility pattern of the tissues
(Figure 5). Contractility induced by carbachol presented a reduction in the frequency of peaks,
at concentration of 10 and 100 pg/mL of statin, without affecting AUC of the uterine tissues.
In gravid uterine rings the contractions induced by prostaglandin E2 caused reduction
on the frequency of peaks (p = 0.0784), when associated with the higher concentration of
rosuvastatin, despite AUC did not being altered (Figure 5). Additionally, contractility,
induced by norepinephrine, showed that rosuvastatin at all concentrations is capable to reduce
the frequency of contraction, without affecting AUC. However, uterine tissues challenged
with carbachol after incubation with rosuvastatin did not show changes in the contractility

pattern.
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4. Discussion

Despite the widely known benefic effects of statin therapy not only for lipid disorders,
this class of drugs is associated with several side effects, such as myopathies, hepatotoxicity
and neuropathy (Grover et al., 2014). We reported recently that rosuvastatin, a last generation
statin (McTaggart et al., 2001), is also associated with impaired reproductive function in male
rats after peri-pubertal exposure to this compound (Leite et al., 2019, 2018b, 2018a, 2014),
which suggests a possible endocrine disruption promoted by this statin.

In this study, we investigated the effects of rosuvastatin directly on uterine tissues via
uterotrophic assay and pharmacological reactivity both ex vivo and in vitro. Uterus physiology
is under hormonal control, promoted mainly by estrogen and progesterone (Abbas et al.,
2019). Both hormones have contrary roles on uterine contractility profile: estrogen is
associated with the increase on myometrial activity, while progesterone depresses the
excitability of smooth muscle cells of myometrium (Abbas et al., 2019). Thus, uterine tissue
evaluation is of great relevance to elucidate whether rosuvastatin can impair female
reproductive function through endocrine or other distinct mechanisms.

There are few in vivo and in vitro evidences showing the effects of rosuvastatin and
other statins on sex steroid hormones synthesis and signaling. These studies demonstrate that
mevastatin is able to reduce testosterone and progesterone production by theca cells in vitro
(Izquierdo et al., 2004), and simvastatin reduces plasma levels of progesterone in female rats
(Guldvang et al., 2015).

In vivo assessment of possible estrogenic and/or antiestrogenic effects of rosuvastatin
on uterine and other tissues of female rats did not corroborate the idea of endocrine disruption
of this compound, at least not by an estrogen-related pathway. On the other hand, Leite et al.
(2018a) showed histological alterations on uterus of female rats whose fathers were exposed

to rosuvastatin. In this case the alterations found are supposed to be caused by a decrease on
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estrogen signaling. A study suggests that statins and estrogen might act in a synergistic way,
since both present similar secondary mechanisms of action (Das, 2002), however in our
experimental approach, these considerations were not observed.

Regarding the uterine physiology, myometrial contraction plays crucial roles to female
fertility, once it is involved with transport of gametes, embryo implantation and nutrition, and
parturition (Taylor and Gomel, 2008). Uterine dysmotility whose contractility pattern presents
to be decreased, hyperactive or asynchronous is related to infertility, implantation failure and
many other pathological conditions, such as endometriosis and adenomyosis (Dodds et al.,
2015; Kunz and Leyendecker, 2002).

Pharmacological reactivity of uterus assay provides a reliable tool to investigate
whether a compound can affect myometrial pattern of contraction both ex vivo and in vitro.
Thus, it allows the classification of a compound as a possible excitatory or inhibitory
molecule on uterine tissue (Arrowsmith et al., 2018). In our experiment, uterine contractility
patterns were assessed both in non-gravid period, during estrus phase, and in gravid period,
on GD 20. During estrus phase, the ovulatory period, myometrial contractility presents phasic
and stronger pattern of contractions (Dodds et al., 2015; Gravina et al., 2014). By the end of
pregnancy, myometrial contractions increase, in order to promote the parturition (Abbas et al.,
2019).

Evaluation of basal contractility of uterus associated with crescent concentrations of
rosuvastatin in vitro shows that this drug is able to reduce the frequency of contractions in
both periods, while ex vivo experiments demonstrate that chronical exposure to this drugs is
related to an increase in basal contractility of uterus during estrus phase. Myometrial
contraction is a result of liberation of calcium from intracellular stores and extracellular fluid

in the cytosol of smooth muscle cells (Abbas et al., 2019; Gravina et al., 2014). Our results
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suggest that rosuvastatin might delay the increase of cytosolic calcium, and consequently
reduce the frequency of peaks.

It is also relevant to emphasize that one of the main adverse effects after a chronic
statins therapy is myopathies, once statins are able to induce apoptosis in smooth muscle cells
(du Souich et al., 2017) and impair muscle mitochondrial metabolism (Sirvent et al., 2012).
Together with a possible alteration in hypothalamic-hypophyseal-ovarian axis, this data may
explain the observed effects of rosuvastatin upon basal contractility of in vivo exposed non-
gravid uterus.

The uterus is supplied by autonomic nervous system neurons (Monica Brauer and
Smith, 2015), and presents smooth muscle cells that contract spontaneously and rhythmically
throughout estrous cycle and gestation, which guarantees the proper maintenance of the
reproductive functions. Also, by the end of gestational period, prostaglandins are responsible
for the augment of intracellular calcium, which increases the myometrial contractions for
parturition (Abbas et al., 2019).

Interestingly, in our experiments, the challenge of uterine tissues with sympathetic and
parasympathetic neurotransmitters after in vivo treatment or incubation with rosuvastatin,
showed different effects of this drug on the different periods evaluated. Contractions induced
by parasympathetic neurotransmitters revealed that in vitro rosuvastatin reduces the frequency
of contractions during estrus phase. However, during late pregnancy, this drug in vitro did not
seem to affect contraction pattern mediated by parasympathetic agonist, while in vivo
treatment is associated with a decreased AUC. On the other way, contractions induced by
sympathetic neurotransmitters did not affect the contraction pattern at non-gravid period both
in ex vivo and in vitro assays. But on gravid period, in vitro rosuvastatin reduced the

frequency of contractions induced by norepinephrine.
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Regarding the hormonal signaling effects, estradiol is known as a regulator of uterine
autonomic neuroplasticity in uterus, especially upon sympathetic innervation (Monica Brauer
and Smith, 2015), but in this experimental model, during estrus phase, rosuvastatin did not
seem to alter estrogen and its regulatory effects on uterine sympathetic innervation and
function.

During estrus phase, the major innervation pattern corresponds to parasympathetic
neurons (Gnanamanickam and Llewellyn-Smith, 2011); while at late pregnancy there is a
decrease in both sympathetic and parasympathetic innervation (Moénica Brauer and Smith,
2015). There are few studies associating the effects of statins upon autonomic innervation. In
a clinical study with patients treated with atorvastatin, the heart sympathetic activity was
decreased, and heart parasympathetic activity was increased by this statin (Dogru et al., 2008).
Thus it is possible that rosuvastatin might modulate autonomic activity of uterus according to
the density of neurons in the tissue in each reproductive phase.

In our study, prostaglandin-induced contractions on gravid uterus after incubation with
rosuvastatin did not show statistical differences. However, it was seen in this experimental
approach that the highest concentrations of rosuvastatin lead to a reduction on the frequency
of contractions of the tissues. It is known that rosuvastatin present anti-inflammatory effects
(Cortese et al., 2016; Dolkart et al., 2015; Ferri and Corsini, 2014), and might affect the
signaling pathway of prostaglandins. In the myometrium, contractions induced by
prostaglandin are mediated by interactions with the receptor EP3 (Shu et al., 2017), thus, it is
possible that rosuvastatin might interact with this receptor and lead to a delay in the activity of
prostaglandin and consequently, on peaks of contraction.

This study provides information about the effects of rosuvastatin upon the rat uterus.
Uterine physiology can be affected by this statin not by estrogenic or antiestrogenic pathway,

but by direct and/or indirect effects on the tissue, as observed with both in vivo and in vitro
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assays. Also, it is relevant to note that rosuvastatin possibly interacts with different pathways
which regulate myometrial contraction throughout different female reproductive phases. Thus,
the direct effects promoted by rosuvastatin in uterus should be analyzed with more details in
order to elucidate whether this drug is able to impair female fertility or might be a future
adjuvant in the treatment of uterine pathological conditions that affect female reproductive

health.
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Tables

Table 1. Final body and organ weights of female rats submitted to uterotrophic assay.

Assessment of estrogenic effects

Experimental Groups (n = 7/group)

Parameter .
Control 3 mg/Kg 10 mg/Kg Estradiol

Final body weight (g) 58.51+2.22 58.10+189  56.69+2.16  57.79+1.26
Ovaries (mg) 36.46+2.99 3631+149  3331+1.38  35.60+145
Liver (g) 3.00£0.10  2.63+0.11 2.72+0.12 2.96 +0.15

Assessment of antiestrogenic effects
Experimental Groups (n = 7/group)

Parameter Control Estradiol Estradiol + Estradiol +

3 mg/Kg 10 mg/Kg
Final body weight (g) 58.51+222 57.79+1.26  56.37 +1.80 55.74 + 2.05
Ovaries (mg) 36.46£2.99 35.60%1.45 35.29 £ 2.75 33.40£1.47
Liver (g) 3.00+£0.10 2.96+0.15 2.79 +0.03 2.85+0.18

Values expressed as mean £ S.E.M. ANOVA followed by Tukey’s test. p > 0.05 compared
to control group.
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Figure legends

Figure 1. Evaluation of (A) estrogenic and (B) antiestrogenic effects of rosuvastatin in rats by
uterotrophic assay. Uterine weights with fluid (n = 7/group). Values expressed as mean +
S.E.M. Values expressed in percentage of final body weight (BW). Different letters indicate p

< 0.0001 compared to control group. ANOVA followed by Tukey’s test.

Figure 2. Basal contractility of non-gravid uterus (n = 5/group), during estrus phase, and
gravid uterus (n = 4-5/group), at late pregnancy, after in vivo treatment with rosuvastatin or
vehicle. Values expressed as mean + S.E.M. ANOVA followed by Tukey’s test. *p < 0.05,

**p < 0.01 compared to control group.

Figure 3. Contractile response of non-gravid uterus (n = 5/group), during estrus phase, and
gravid uterus (n = 4-5/group), at late pregnancy, after in vivo treatment with rosuvastatin or
vehicle. Tissues were challenged to contract in the presence of carbachol and norepinephrine
associated with propranolol. Values expressed as mean + S.E.M. ANOVA followed by

Tukey’s test. *p < 0.05 compared to control group.

Figure 4. Basal contractility of non-gravid uterus (n = 6), during estrus phase, and gravid
uterus (n = 6), at late pregnancy, after in vitro treatment with increasing rosuvastatin
concentrations. Values expressed as mean + S.E.M. ANOVA followed by Tukey’s test. *p <

0.05, **p <0.01, ****p <0.0001 compared to control group (Opg/mL).

Figure 5. Contractile response of non-gravid uterus (n = 6), during estrus phase, and gravid
uterus (n = 6), at late pregnancy, after in vitro treatment with increasing rosuvastatin

concentrations. Tissues were challenged to contract in the presence of carbachol,
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norepinephrine associated with propranolol, and prostaglandin E2. Values expressed as mean

+ S.E.M. ANOVA followed by Tukey’s test. *p <0.05, **p <0.01, ****p <0.0001 compared

to control group (Opg/mL).
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Figure 3.
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Figure 5.
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gW 2

O trabalho desenvolvido com a exposicdo aguda e cronica de ratas Wistar a

rosuvastatina, desde a pré-puberdade, deu origem ao manuscrito “Short- and long-term effects
on reproductive parameters of female Wistar rats after exposure to rosuvastatin since pre-
puberty”, a ser submetido para publicagdo no periddico Life Sciences (Fator de impacto:
3,448).



58

Short- and long-term effects on reproductive parameters of female Wistar rats after

exposure to rosuvastatin since pre-puberty

Jorge Willian Franco de Barros*?, Karolina da Silva Tonon? Cibele dos Santos Borges?,
Patricia Villela e Silva?, Ana Flavia Quiarato Lozano® Taind Louise Pacheco?, Janete

Aparecida Anselmo-Franci®, Wilma De Grava Kempinas®.

'Graduate Program in Cell and Structural Biology, Institute of Biology, State University of
Campinas (UNICAMP), Campinas, SP, Brazil.

’Department of Structural and Functional Biology (Area of Morphology), Sdo Paulo State
University (UNESP), Institute of Biosciences, Botucatu, SP, Brazil.

$Department of Morphology, Stomatology and Physiology, Dental School of Ribeirdo Preto,

University of Sdo Paulo (USP), Ribeirdo Preto, SP, Brazil.

Corresponding author:

Jorge Willian Franco de Barros

Address:
Rua Prof. Dr. Antonio Celso Wagner Zanin, 250, Departamento de Biologia Estrutural e
Funcional, Setor de Morfologia, Instituto de Biociéncias de Botucatu, UNESP, 18618-689,

Botucatu, SP, Brazil.

E-mail address: jorge.barros@unesp.br



59

Highlights

e Rosuvastatin is a lipid lowering drug that inhibits cholesterol biosynthesis.

e Exposure of female rats to rosuvastatin since pre-puberty leads to reproductive disorders.

e No alterations were found in puberty timing, reproductive hormone levels, ovarian and
uterine histological endpoints and reproductive performance.

e Estrous cycle, sexual behavior, and hypophysis and placental development were affected

by rosuvastatin exposure.
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Abstract

Statins are a class of drugs which acts mainly with lipid lowering effects. Rosuvastatin is a
last generation statin and has shown better results in reducing cholesterol concentrations when
compared to other statins. Recent studies suggest that rosuvastatin may act as an endocrine
disruptor, once potentially damages hormonal axis and, consequently reproductive
development and function of male rats. However, the effects of rosuvastatin exposure in rat
female reproductive parameters remain unknown. In this study female rats exposed to
rosuvastatin at dose of 10 mg / Kg / day since pre-puberty exhibited shorter estrous cycles,
altered sexual behavior, decreased serum prolactin level, and alterations on hypophysis and
placental development, parameters highly influenced by hormonal signaling. On the other
hand, pubertal onset, reproductive hormone levels, fertility and histological parameters of
ovary, uterus and placenta were not altered by the exposure to the statin. Thus, rosuvastatin
exposure, in these experimental conditions, promoted some deleterious effects on the
reproductive function of female rats, possibly damaging the hormonal axis signaling,

suggesting its potential as an endocrine disruptor.

Keywords: Rosuvastatin; Statin; Female Reproduction; Endocrine Disruptor.
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1. Introduction

Puberty is the period when the animals become capable of reproducing sexually for
the first time. During this time, genital organs mature and secondary sex characteristics
develops both in male and female animals [1]. Puberty is considered a critical period of
development, once requires the action of different endocrine factors which are crucial to
promote an adequate development of body systems [2].

During pre-puberty, the hypothalamic-hypophysis-gonadal axis is activated, and
secretes gonadotrophin releasing hormone (GnRH) by the hypothalamus, which stimulates the
adenohypophysis to release follicle-stimulating hormones (FSH) and luteinizing hormones
(LH). The gonads gradually become more sensitive to the stimuli of these two
gonadotrophins, and have a considerable increase in their growth rate, releasing steroid
hormones into the bloodstream. These events culminate in the onset of puberty [3].

Different substances may act in these physiological events and disrupt the normal
reproductive development during this period. These substances are known as “endocrine
disrupters”, defined as an exogenous substance that alters the endocrine system functions and
leads to adverse health effects to the organism [4].

Statins are a class of drugs which the main mechanism of action is the inhibition of 3-
hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase, a limiting enzyme in the cholesterol
biosynthesis, consequently reducing lipid levels in the organism [5]. Also, part of the
beneficial effects associated with the administration of statins has been attributed to its
pleiotropic effects, that are independent of inhibition of cholesterol biosynthesis, which
include endothelial protection, antioxidant and anti-inflammatory properties, reduction in

thrombogenic response, pro-angiogenic [6,7] and immunomodulatory effects [8].
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Recently, statins use has increased, once people have poor eating habits and sedentary
lifestyle, mainly during childhood and early adulthood, in order to reduce cholesterol levels
[9,10].

Among the statins, rosuvastatin is one of the most recent in the class [11], and has
shown better results in reducing LDL cholesterol concentrations when compared to other
statins [12].

Previous studies with rosuvastatin exposure during peri-pubertal period in rodent
experimental model revealed that this drug leads to reproductive impairments in male rats.
Rosuvastatin is able to delay pubertal development, reduce sperm quality, impair
spermatogenesis and alter hormonal signaling [13-15]. Also, rosuvastatin exposure in male
rats might affect reproductive function in an intergeneration manner, by damaging ovarian
and uterine histophysiology of female offspring [16].

These data indicate that rosuvastatin may act as an endocrine disruptor during the peri-
puberal window of exposure, and could impair reproductive development and function.
However, there are no data regarding direct rosuvastatin or other statins exposure in female
peri-puberal period and its effects to female reproductive parameters. Thus, this study aimed
to investigate the effects of rosuvastatin exposure, since pre-puberty, in pubertal development

and reproductive function of female Wistar rats.
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2. Material and Methods
2.1. Animals

Adult male and female Wistar rats (80 days old) were obtained from the Central
Biotherium, Sdo Paulo State University (UNESP), campus Botucatu/SP, Brazil, and
maintained under controlled conditions (12h of light/12h of darkness; average temperature of
23 °C) on the Small Mammal Biotherium of Morphology Department, at the UNESP,
Institute of Biosciences of Botucatu, with food and water ad libitum. The animals were kept
according to the Ethical Principles for Animal Experimentation, adopted by the Brazilian
College of Animal Experimentation. The project was filed under number 1089 with the Ethics
Committee on Animal Experimentation of the UNESP Institute of Biosciences, in Botucatu.

The mating of these animals in order to obtain pregnant females and the pups, was
performed during the dark period of the cycle, with 2 females being placed in the male cage.
The gestational day (GD) 0 was determined by the presence of spermatozoa in vaginal smears
of estrus females. These were then kept in individual cages. After birth, number of pups per

litter was reduced to 8, balancing 3 male and 5 female pups at postnatal day (PND) 1.

2.2. Experimental design

At weaning, on PND 21, female pups were pseudo randomly distributed among three
experimental groups, keeping the same body weight mean for each group: control group,
which received treatment with saline; and rosuvastatin groups, which received the statin in
doses of 3 or 10 mg / Kg / day diluted in saline. The treatment was performed daily and by
oral administration since PND 22, and finished on the first estrus after PND 42 or 75. During
treatment period, body weight of rats was measured weekly. A brief and visual description of

the experimental procedures performed in this study is presented in the figure 1.
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The doses of rosuvastatin chosen for this study are based on the lowest and higher
doses of rosuvastatin applied in human therapy for children [14-16], adapted for rodents
considering their body surface area, as proposed for Reagan-Shaw et al. [17].

In order to investigate the effects of rosuvastatin exposure on female reproductive
function, the period of treatment is based on the use of statins that becomes earlier in the child

and adolescent population because of the risk of lipid abnormalities [10,18].

2.3. External physical signs of puberty onset

Starting on PND 30, female rats were evaluated daily for complete vaginal opening.
Then, rats were weighted and daily checked for the occurrence of first estrus by assessing
vaginal fluid, characterized for the presence of cornified epithelial cells [19]. Vaginal fluid
was collected with a micropipette, that inserts 10uL of saline in rats vagina, collecting it back.
Fluid was deposited in a slide and analyzed under light microscopy. Both procedures, vaginal
opening and detection of first estrus, were performed for determine the age of puberty onset in

female rats [20].

2.4. Estrous cyclicity

On PND 60, the animals were evaluated daily for 15 consecutive days for estrous
cyclicity based on cellular composition of vaginal fluid. This procedure was used to determine
the length of cycle, as well as of each phase of the cycle (proestrus, estrus, metaestrus and
diestrus). The proestrus phase consists of predominance of nucleated epithelial cells; estrus
phase is characterized for the presence of cornified epithelial cells; metaestrus present
nucleated and cornified epithelial cells, and leukocytes; diestrus consists of predominance of

leukocytes [19].
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2.5. Euthanasia of rats and organ collection

Rats from each experimental group were euthanized during estrus phase in two
different ages: at PND 42, right after onset of puberty, as established for U. S. Environmental
Protection Agency [21], and at PND 75, during adulthood. Initially, animals were weighted
and then euthanized by narcosis in CO,. Blood samples for hormonal dosages were obtained
by collecting blood from inferior vena cava. Toxicological target (hypophysis, thyroid, liver,
adrenal and kidney) and reproductive (ovaries and uterus) organ were collected and weighted.

Left uterine horn and ovary were used for histological evaluation.

2.6. Serum reproductive hormone levels
Blood samples were centrifuged at 2500rpm for 10min at 4°C and serum was obtained
for hormonal dosages. Serum levels of FSH, LH, prolactin, progesterone and testosterone

were measured using a double-antibody radioimmunoassay kit supplied by MP Biomedicals.

2.7. Copulatory behavior and reproductive performance

During the first estrus after PND 75, female rats from experimental groups were
submitted to the sexual behavior test. After detection of estrus phase, female rats were put into
cages of sexually experienced male rats, then allowed 10 mounts on the females and presence
of lordosis was registered. Results were expressed as the lordosis quotient (number of
lordosis/10 mounts x 100) [22]. All procedures were performed during de dark phase of
light/dark cycle, and females were used only once.

After the sexual behavior test, the females were maintained with the males for
additional 8 hours. Finished this period, rats were separated in individual cages and vaginal
smears were collected for detection of spermatozoa, and then established the gestational day

(GD) 0. On GD 20, female were weighted and euthanized by CO,. Gravid uterus and ovaries



66

were collected, number of corpora lutea were determined, implantation sites, resorptions, live
fetuses, and weights of fetus and placentas were recorded. From these results the following
parameters were calculated: Gestational rate: number of pregnant females/number of
inseminated females x 100; Fertility potential (efficiency of implantation): implantation
sites/corpora lutea x 100; Rate of pre-implantation loss: (hnumber of corpora lutea — number of
implantations/number of corpora lutea) x 100; Rate of post-implantation loss: (number of
implantations — number of live fetuses)/number of implantations x 100; and Sex ratio: number

of female fetuses/number of male fetuses [23,24].

2.8. Histological procedures

Left uterine horn and ovary, during the estrus phase, and placenta of fetuses on GD 20
were collected and immersed in Bouin’s fixative solution, histologically processed and
included in Paraplast®. Then, three sections of each organ were cut at a thickness of Sum,
with an interval of 50um, and placed into silanized slides and stained with hematoxylin and
eosin (H & E). The analysis on the ovary was performed by the observation of the histological
aspect of this organ and by counting the number of corpora lutea and follicles on the different
stages of the follicular development, as described by Talsness et al. [25] and Guerra et al.
[26]. On the uterine sections, the height of perimetrium, myometrium, endometrium and
luminal epithelium was measured, as described by Silva et al. [27]. Placental tissues were
evaluated in its general histological aspect and the height of basal zone was measured in five
different places of each section. Histological analyses were conducted under light microscopy,

with the softwares Leica QWin 3 and ImageJ 1.48.

2.9. Immunohistochemistry for Proliferating Cell Nuclear Antigen (PCNA)
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Immunohistochemistry assay for Proliferating Cell Nuclear Antigen (PCNA) was
performed based on Borges et al. [28] and Barros, et al. [29], with modifications. Initially, the
placenta were sectioned at a thickness of 5um and placed on silanized slides. Then, the
sections were dewaxed with xylol, hydrated with decreasing concentrations of alcohol, and
washed with phosphate buffered saline (PBS - pH 7.4). Antigenic recovery was performed
with citrate buffer (pH 6.0) for 10min in a microwave. After this step, the sections were
incubated for 15min with hydrogen peroxide (3.5%) and PBS, for blocking the endogenous
peroxidase. In the next step, the sections were incubated for 30min with Bovine Serum
Albumin (BSA 3%) diluted in PBS, and then washed with PBS to be incubated overnight with
the primary antibody anti-PCNA (PCNA PC10: sc-56, Monoclonal, Santa Cruz
Biotechnology, CA, USA — 1:100). After the incubation period, the sections were washed
again with PBS and incubated for 1h with the secondary antibody (Goat Anti-Mouse
peroxidase-labeled IgG, Catalog No. 474-1806, KPL Antibody — 1:200). Then, after further
washing with PBS, the cuts were submitted, for 4min, to the diaminobenzidine (DAB)
associated with hydrogen peroxide. After the reaction, the sections were washed with water
and counterstained with hematoxylin. At the end of the procedure, the sections were
dehydrated with increasing concentrations of alcohol and then immersed in xylol. The
sections were covered with coverslips and analyzed under light microscope, coupled to a
digital camera and a computer containing the software Leica Q-win (version 3).
Immunostaining for PCNA on the placental tissues were evaluated specially in the basal zone,
in a qualitatively way, according with immunostaining intensity, and classified as “absent”,

29 <¢

“weak”, “moderate” or “strong”.

2.10. Statistical analysis
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Data are presented as mean + standard error of mean (S.E.M.), median and
interquartile range or percentage. The results were compared among groups by ANOVA
followed by Tukey’s test, for parametric variables, and by Kruskal-Wallis followed by
Dunn’s test, for nonparametric variables. Differences were considered statistically significant
when p < 0.05. Statistical analyses were performed using the software GraphPad Prism

(version 6.0).
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3. Results
3.1. Short-term effects of exposure to rosuvastatin since pre-puberty

In this study, rosuvastatin exposure was not able to alter age of puberty onset, here
analyzed by the vaginal opening followed by detection of first estrus (Figure 2). Additionally,
on PND 42, the animals exposed to rosuvastatin did not exhibit alterations in body weight
(Figure 3) and weight of reproductive organs (Table 1). However, there was an increase in
liver weight and decrease in hypophysis weight, (Table 1) in the animals treated with 10
mg/Kg, compared to control group. On PND 42, serum levels of FSH, LH, prolactin,
progesterone and testosterone were similar among experimental groups (Figure 4). Also,
ovarian follicles counting, uterine morphometries and general histological aspect of both

organs were not affected at this age by the exposure to rosuvastatin (Figure 5).

3.2. Long-term effects of exposure to rosuvastatin since pre-puberty

Reproductive cyclicity of animals from experimental groups were not altered by
exposure to rosuvastatin, except animals treated with rosuvastatin at doses of 10mg/Kg, which
showed shorter estrous cycles than control group (Figure 6). Despite that, on PND 75, weight
of body (Figure 3) and organs (Table 1) were similar among experimental groups. At this age,
serum levels of FSH, LH, progesterone and testosterone were similar among experimental
groups (Figure 4). However, serum levels of prolactin were reduced in animals exposed to the
higher dose of rosuvastatin. Histological evaluation of ovary and uterus at this age did not
show any sign of alterations associated with the treatment with this statin (Figure 7).

Sexual behavior test showed that animals exposed to rosuvastatin at doses of 10mg/Kg
ware less receptive to male mounting than control animals. For this test, 9 female from
10mg/Kg group were used during estrus phase, however 4 of these animals (44.4%) were not

receptive to male mounting. The other 5 females (55.6%) were receptive during the test
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[lordosis quotient 90.0% (75.0 - 100.0)], as did all the females from the control [n = 8;
lordosis quotient 100.0% (90.0 — 100.0)] and 3mg/Kg [n = 9; lordosis quotient 90.0% (75.0 —
100.0)] groups (Kruskal-Wallis test, followed by Dunn’s test. p = 0.2612).

Reproductive performance assessed on GD 20 showed similar results among groups
(Table 2). However, placental weight was decreased on animals exposed to the highest dose
of rosuvastatin, when compared to control group. Additionally, histological evaluation of
placental tissues and morphometry of the basal zone did not show evidences of alterations
induced by rosuvastatin exposure (Figure 8). In the same way, immunohistochemistry for
PCNA in this transitory organ showed an immunostaining pattern similar among experimental

groups.
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4. Discussion

Cholesterol is a molecule of great relevance in reproductive physiology, because of its
importance as a precursor of sex steroid hormone synthesis. Statins, a class of drugs that
inhibits biosynthesis of cholesterol, may alter the normal reproductive development, during
pubertal period, and function during adulthood.

Besides the beneficial effects of statins therapy, there are some adverse effects that
should be considered before starting the treatment, such as myopathy, nephrotoxicity,
neurologic manifestations, proinflammatory and immunogenic actions, and hepatotoxicity
[30].

In this study, rosuvastatin exposure showed no evident signal of toxicity in target
organs for toxicology, based on their weight. However, during pubertal period, on PND 42,
liver weight was increased by rosuvastatin treatment in the higher dose. Statins present some
hepatotoxicity potential, by increasing apoptosis in hepatocytes and oxidative stress in the
liver [31], but in this study, the increased weight of liver might be associated with its
adaptation to the rosuvastatin exposure, because alterations in this parameter were not found
after a long-term exposure, on adulthood. Ahmadi et al. [32] shows that rosuvastatin exposure
in rats is related to a compensatory mechanism in cholesterol biosynthesis and metabolism in
the liver and extrahepatic tissues, which enforces the idea of adaptive response of the liver to
the statin.

On PND 42, female rats exposed to rosuvastatin at dose of 10mg/Kg, also presented
reduced hypophysis weight, data not found during adulthood. Statin exposure might affect
hypophysis function, once it has potential to inhibit releasing of follicle-stimulating hormone
(FSH) [33]. However, whether rosuvastatin can directly or indirectly impair hypophysis
physiology and consequently its weight, it is not possible to confirm in this study, once serum

gonadotropin hormone levels were not affected by the treatment. Another possibility is that
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decreased hypophysis weight might be related to decreased estrogen stimulation [34], since
rosuvastatin is able to alter estradiol releasing and signaling in male rats [14,15]. It is also
important to note that hypophysis weight was not decreased in adult rats exposed to
rosuvastatin, but their serum prolactin levels were reduced by the treatment. Thus it is fair to
think that rosuvastatin might interact with lactotroph cells in the anterior hypophysis and
disrupt its development and function. Additionally, once that in rodents, estrogen signaling is
the major stimulatory factor for prolactin gene expression [35], it is possible that rosuvastatin
exerts its effects upon estrogen releasing and signaling.

During puberty, hypothalamic-hypophysis-ovarian axis becomes active and is crucial
to the occurrence of normal morphological, physiological, behavioral and psychological
changes in the female [36]. This period is also considered a biological sensor for
abnormalities derived from genetic and environmental interactions during pre- and postnatal
development [37]. External markers of pubertal development are relevant to investigate the
time of puberty onset. Vaginal opening and first occurrence of estrus in rats are indicators of
puberty onset, derived from an increased level of estrogen in blood [38]. These events are also
associated with the first ovulation on female rats [37].

Rosuvastatin exposure since pre-puberty delays onset of puberty in male rats as shows
by Leite et al. [13]. However, in this study this statin did not alter the timing of puberty in
female rats, as well as did not affect the serum levels of reproductive hormones, ovarian
follicular dynamics and uterine morphology during puberty. Despite these data indicate that
rosuvastatin might lead to gender-specific alterations on pubertal development, absence of
estradiol levels measurements increase the difficulty of evaluation and understanding of
rosuvastatin effects during this period.

Assessment of estrous cyclicity is a way to evaluate integrity of the hypothalamic-

hypophysis-ovarian axis and consequently female reproductive function [39]. In this study,
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estrous cycle was altered by rosuvastatin exposure, once animals treated with the highest dose
of the statin presented shorter cycles than control group. On the other hand, during adulthood,
serum levels of FSH, LH, progesterone and testosterone were not affected by the treatment
with rosuvastatin, as well as ovarian and uterine histological endpoints and reproductive organ
weights. Guerra et al. [26,40] showed that reproductive function can be affected not
necessarily by the alterations in serum levels of steroid hormones, but by their signaling
pathways mediated by cell receptors, which expression pattern can be altered in different cells
and tissues. Thus, impaired reproductive cyclicity of female rats exposed to rosuvastatin
might derive of an abnormal hormonal axis signaling.

Alterations in hormonal signaling caused by rosuvastatin exposure can also impair
sexual behavior, once females presented disrupted reproductive cycles. Furthermore, another
factor that could be influencing reproductive behavior in female rats treated with the highest
dose of rosuvastatin is the uterine physiology, which is highly dependent of steroid hormones
[41]. Studies with ovariectomized rats show that impaired hormone binding capacity in the
uterine tissue is related to inhibitory effects in female receptivity [42], which explains the
absence of lordosis quotient in part of the female rats as observed in this study.

A recent study from our Lab showed that reproductive parameters such as sexual
behavior and epididymal morphology were affected after a long-term exposure to rosuvastatin
with no effect on serum testosterone levels [43], which corroborates the idea that rosuvastatin
might disrupts hormonal signaling through interactions with steroid receptors.

In this study, treatment with rosuvastatin in female rats started at pre-pubertal period
ending at adulthood, before confirmation of pregnancy, due to the fact that statins therapy is
not indicate during gestational period [44]. By the end of the gestational period, no evident
signals of maternal toxicity and fertility impairment of rosuvastatin exposure were found, as

well as any evidence of fetal growth restriction or impairment to offspring intrauterine
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development. However, placental weight of animals exposed to the highest dose of this statin
was reduced compared to control group. Studies of rosuvastatin exposure in male rats show
that post-implantation loss are increased by this statin due to decreased sperm quality [45],
however other study of Dostal et al. [46] with atorvastatin, another statin, did not show
evidence of impairment in both male and female rats fertility. Considering this, it is fair to
suppose that rosuvastatin might lead to fertility impairments in a gender-specific manner.

Placenta corresponds to the maternal-fetal interface for exchange of substances. In
rats, the placenta becomes completely functional at midgestation and grows continuously up
to last few days before parturition, when placental weight stays relatively stable [47].
Alterations in the placental weight, might compromise the fetal development, being associated
with fetal reprograming effects [48].

Histologically, placenta is composed by four distinct parts; two of them constitute the
fetal components while the other two corresponds to the maternal components of placenta.
Maternal components of placenta correspond to the decidua and metrial gland, both derived
from the endometrium. Fetal components of placenta are the labyrinth zone, where maternal
and fetal exchanges occur; and the basal zone (also known as Trophospongium), formed by
three different types of trophoblastic cells: the spongiotrophoblast cells, the glycogen cells
and the trophoblast giant cells. These trophoblast giant cells exert important roles for
maintenance of pregnancy, such as endocrine function and releasing of factors and molecules
that promote local and systemic physiological maternal adaptations throughout pregnancy
[47,49].

In this study, placental histology of rosuvastatin-exposed animals was not altered.
Even cell proliferation status, assessed by immunostaining with PCNA marker did not show
any signs of placental tissue impairment, especially on the basal zone. Despite the absence of

alterations in fetus weight, further investigations are necessary to conclude whether
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rosuvastatin has potential to promote fetal reprograming through placental damaging related
to apoptosis or to other cell mechanisms.

In conclusion, the present study suggests that the exposure of female rats to
rosuvastatin, since pre-puberty, acted, at some extent, as an endocrine disruptor, disrupting
hormonal axis signaling, and consequently reproductive function. Additional studies on the

effects of this statin on female reproductive development and function are encouraged.
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Tables

Table 1. Body and organ weights of female rats during estrus phase on postnatal days 42 and 75.

Parameters Experimental Groups
Postnatal Day 42 (n = 6-7/group) Control 3 mg/Kg 10 mg/Kg
Final body weight (g) 1446 £ 6.2 151.2+6.3 1424 +5.1
Relative organ weights
Ovaries (mg/100g) 38.06 + 3.8 45.07+7.0 45.33+4.8
Uterus with fluid (mg/100g) 187.8 £ 35.9 187.0+£19.1 170.8 £ 8.4
Hypophysis (mg/100g) 421+0.2 4.73+0.7 267+04*
Thyroid (mg/100g9) 930+14 8.48 £ 0.6 7.04+0.7
Liver (g/100g) 5.07 +0.07 538+0.11  5.73%0.14 **
Adrenals (mg/100g) 36.35+4.3 33.12+4.2 34.32+1.3
Kidneys (g/100g) 1.01 +0.03 1.06 £ 0.01 1.06 £ 0.02
Postnatal Day 75 (n = 7/group) Control 3 mg/Kg 10 mg/Kg
Final body weight (g) 222.4 £ 8.7 215.3+5.1 230.1+8.6
Relative organ weights
Ovaries (mg/100g) 42.02+4.1 38.76 + 4.8 4255+1.9
Uterus with fluid (mg/100g) 218.3+38.8 218.7 + 30.0 2435+ 40.7
Hypophysis (mg/1009) 599+0.5 559+ 0.4 6.02+0.9
Thyroid (mg/100g) 8.07+1.2 7.43+05 7.99+0.7
Liver (g/100g) 4.20 £0.07 4.11+0.07 4.32 £0.08
Adrenals (mg/100g9) 4533+2.3 42.99 + 0.6 46.82 + 2.2
Kidneys (g/100g) 0.88 £ 0.02 0.89 £0.03 0.92 £ 0.02

Values expressed as mean = S.E.M. ANOVA followed by Tukey’s test. *p < 0.05, **p < 0.01 compared to control
group.
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Table 2. Reproductive performance and fertility test assessed on gestational day 20.

Experimental Groups

Parameters Control 3 mg/Kg 10 mg/Kg
(n=9) (n=8) (n=59)

Gestational rate (%) 88.8 75.0 80.0
2Fertility potential (%) 96.88 (92.98 - 100.00)  96.16 (87.98 - 100.00)  96.16 (90.58 - 100.00)
'Number of Implantations 12.7+0.7 125+0.8 10.7 £ 0.6
'Number of corpora lutea 135+0.8 13.3+04 11.2+0.6
'Number of fetuses 122 +0.6 12.2+06 10.7 £ 0.6
"Number of resorptions 05+£03 0.3+0.3 0.0+£0.0
?Pre-implantation loss (%) 3.1(0.0-7.0) 3.8(0.0-12.0) 3.8(0.0-9.4)
2post-implantation loss (%) 0.0 (0.0 - 6.8) 0.0 (0.0-3.3) 0.0 (0.0-0.0)
Gravid uterus weight (g) 71.8+45 70.0+ 3.9 63.3+£2.7
'Fetal weight (g) 4.05+0.10 3.89+0.14 4.05 £ 0.09
Placental weight (g) 0.66 £ 0.02 0.62 £ 0.03 0.56 + 0.02*
'Sex ratio (F:M) 091+0.1 1.12+0.3 0.71+£0.2

Values expressed as mean + S.E.M. ANOVA followed by Tukey’s test. *p < 0.05 compared to control group.
2Values expressed as median and interquartile intervals. Kruskal-Wallis test, followed by Dunn’s test. p > 0.05.
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Figure legends

Figure 1. Experimental design of the study.

Figure 2. Evaluation of external signs of puberty onset. (A) Ages of vaginal opening and first
estrus (n = 25/group) and (B) body weight at these ages. Values expressed as mean + S.E.M.

ANOVA followed by Tukey’s test. p > 0.05.

Figure 3. Evolution of body weight of female rats euthanized on postnatal days 42 or 75, after
treatment with rosuvastatin or vehicle (n = 6-7/group). Values expressed as mean + S.E.M.

ANOVA followed by Tukey’s test. p > 0.05.

Figure 4. Serum hormonal levels of female rats, during estrus phase on PND 42 (n = 6-
7/group) and 75 (n = 7/group). Values expressed as mean + S.E.M. ANOVA followed by

Tukey’s test. p > 0.05. PND (Postnatal Day).

Figure 5. Histological evaluation of ovary and uterus of female rats, during the estrus phase
on postnatal day 42. (A-C) Histological aspect of ovaries. (D-F) Histological aspect of uterus.
(G) Follicular counting on ovarian sections (n = 5-6/group). Values expressed as mean +
S.E.M. Kruskal-Wallis test, followed by Dunn’s test. p > 0.05. (H) Histomorphometric
measurements of uterine layers (n = 6-7/group). Values expressed as mean = S.E.M. ANOVA

followed by Tukey’s test. p > 0.05.
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Figure 6. Evaluation of estrous cycle during 15 consecutive days (n = 17-18/group). Values
expressed as mean + S.E.M. ANOVA followed by Tukey’s test. *p < 0.05 compared to

control group.

Figure 7. Histological evaluation of ovary and uterus of female rats, during the estrus phase
on postnatal day 75. (A-C) Histological aspect of ovaries. (D-F) Histological aspect of uterus.
(G) Follicular counting on ovarian sections (n = 5-6/group). Values expressed as mean +
S.E.M. Kruskal-Wallis test, followed by Dunn’s test. p > 0.05. (H) Histomorphometric
measurements of uterine layers (n = 7/group). Values expressed as mean £ S.E.M. ANOVA

followed by Tukey’s test. p > 0.05.

Figure 8. Histological evaluation of placenta of pregnant female rats on gestational day 20.
(A-C) Histological aspect of placentas. (D-F) Immunostaining for Proliferating Cell Nuclear
Antigen (PCNA) on the cells of placenta’s basal zone. (G) Histological organization of cell on
the basal zone. (H) Histomorphometric measurement of basal zone (n = 4-5/group). Values

expressed as mean + S.E.M. ANOVA followed by Tukey’s test. p > 0.05.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 7.
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Figura 8.
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Conolizsso

Com base nos resultados obtidos em ratas Wistar, pode-se concluir que a exposi¢do a
rosuvastatina ndo foi diretamente relacionada a mecanismos de agdo associados as vias
estrogénicas ou antiestrogénicas. Por outro lado, o tratamento desde a pré-puberdade, com
essa estatina alterou a funcdo reprodutiva, o que indica possiveis efeitos ligados a producdo e
a sinalizacdo estrogénica. Além disso, os mecanismos de acdo da rosuvastatina também

podem estar relacionados a modulacéo da atividade contrétil uterina.

Desta forma, os resultados aqui obtidos permitem uma maior compreensdo dos efeitos
da rosuvastatina sobre a funcdo reprodutiva feminina e levantam o questionamento sobre a

translacdo dos efeitos dessa e de outras estatinas para a saude reprodutiva do ser humano.
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Parametros avaliados durante a prenhez

Em carater adicional, foram realizadas algumas avaliacdes com as fémeas tratadas da
pré-puberdade (DPN 22) até a idade adulta (DPN 75), durante o periodo gestacional. As
avaliacOes realizadas foram o acompanhamento da evolugdo do peso corpéreo; o ganho de
peso materno liquido, descontado do peso do Utero gravidico; a pesagem de 6rgdos vitais e
reprodutores ao final da prenhez (DG 20); e a dosagem dos niveis séricos de prolactina,

progesterona, testosterona e prolactina no DG 20.

Resultados obtidos

O tratamento com rosuvastatina desde a pré-puberdade até a idade adulta ndo esta
relacionado com alteracGes na evolucdo do peso corporal, durante a gestacdo, bem como no
ganho de peso bruto, ao final da prenhez (Figura 1). Além disso, o peso corpéreo final e o
ganho de peso liquido (desconsidera-se o peso do Utero gravidico, incluindo tecido uterino +
fetos + placenta) ndo se mostram afetado pela exposicdo a rosuvastatina (Figura 2). O peso de
Orgdos vitais e reprodutores também ndo se mostram alterados pelo tratamento crénico com
rosuvastatina (Tabela 1). Adicionalmente, também ndo foram evidenciadas alteracdes nos

niveis séricos de horménios como a progesterona, a testosterona e a prolactina (Figura 3).

Desta forma, evidencia-se que a exposicdo prolongada a rosuvastatina ndo esta
associada a efeitos toxicoldgicos gerais para ratas ndo expostas diretamente durante a
gestacdo. Porém € importante ressaltar que a investigacdo de pardmetros toxicoldgicos
adicionais ainda se faz necessaria para se concluir sobre os efeitos diretos e indiretos da

rosuvastatina sobre a saide materna.



Evolugao do peso corpodreo

400+ 200+
. -0- Controle
Q 350+ = 3 mg/Kg 1504
s -+ 10 mg/K =
S 3004 CAA )
e 0 100-
(=] o
O 250- o
§ 200 50+
o

150- 0-

0 6 12 18 20

Dia Gestacional

102

Ganho de peso corpoéreo

o
oo A
00 ]
(m]
Controle 3 mg/Kg 10 mg/Kg

Figura 1. Avaliacdo da evolugdo do peso corpéreo e do ganho de peso ao final da gestacdo de ratas prenhes,
tratadas desde a pré-puberdade até a idade adulta com rosuvastatina ou salina (n = 4-7/grupo). Valores expressos
em média = E.P.M. Teste de ANOVA seguida pelo teste de Tukey. p > 0,05.
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Figura 3. Niveis séricos de progesterona, testosterona e prolactina ao final da gestacéo, de ratas prenhes, tratadas
desde a pré-puberdade até a idade adulta com rosuvastatina ou salina (n = 4-7/grupo). Valores expressos em

média + E.P.M. Teste de ANOVA seguida pelo teste de Tukey. p > 0,05.



Tabela 1. Efeitos da exposicdo a rosuvastatina desde a pré-puberdade até a idade adulta,

sobre o0 peso corporal e de 6rgédos, aos 20 dias de prenhez.

Grupos experimentais

Parametro Controle 3 mg/Kg 10 mg/Kg
(n=7) (n=6) (n=14)
Peso corporeo final (g) 3420+ 11,1 331,1+15,0 315,3+7,3
Pesos relativos
Ovarios (mg/100g) 103,0+9,8 109,7 + 6,4 106,8 + 15,9
Utero gravidico (g/100g) 20,96 £ 0,9 21,16 £0,6 20,07 £0,5
Hipofise (mg/100g) 11,08+ 14 13,02+1,1 11,85+1,0
Tireoide (mg/100g) 16,62 + 2,0 20,03 £ 3,2 17,23+ 2,6
Figado (g/100g) 15,04 £ 0,6 15,27 +0,8 14,28 + 0,3
Adrenais (mg/100g) 101,2+5,4 1179+ 7,4 109,4 +7,7
Rins (g/100g) 1,95+ 0,08 1,92 £0,09 1,81£0,05

Valores expressos em media + E.P.M. Teste de ANOVA seguida pelo teste de Tukey. p >

0,05.
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Anexo | - Certificado de aprovacdo da pesquisa pela Comissao de Bioética

\/
v UNIVERSIDADE ESTADUAL PAULISTA

u nes " 40LIO DE MESQUITA FILHO”
Campus de Botucatu

Instituto de Biociéncias
de Botucatu - Unesp

Certificado

Certificamos que o projeto intitulado “Efeitos da exposicdo ao
agente hipolipemiante rosuvastatina sobre a funcao reprodutiva
de ratas Wistar”, Protocolo n° 1089-CEUA, sob a responsabilidade
de Wilma De Grava Kempinas e colaboracio de Jorge Willian
Franco de Barros, que envolve a producdo, manutencio e/ou
utilizacdo de animais pertencentes ao filo Chordata, subfilo
Vertebrata (exceto o homem), para fins de pesquisa cientifica (ou
ensino) - encontra-se de acordo com os preceitos da Lei n°
11.794, de 9 de outubro de 2008, do Decreto n° 6.899, de 15 de
julho de 2009, e com as normas editadas pelo Conselho Nacional
de Controle da Experimentacdo Animal (CONCEA), e foi aprovado
pela COMISSAO DE ETICA NO USO DE ANIMAIS (CEUA), nesta

data.
Finalidade: ( ) Ensino (x) Pesquisa Cientifica
Vigéncia do Projeto:  Inicio: 1/6/2018 Término: 29/2/2020
Espécie/linhagem:  Rato wistar
N° de animais: 136
Peso: 60-280g Idade: 21-110 dias
Sexo: Macho e fémea
Origem Biotério Central da Unesp — Cdmpus de Botucatu,/SP

Botucatu, T de maio de 2018.

Prof. Dr. BREQ Cesar Schimming
Presidente da CEUA

Instituto de Biociéndjas - Diretoria Técnica Académica
Distrito de Rubido Jtnior sy1”CEP 18618-970 Botucatu SP Brasil
Tel 14 3880 0851 fax 14 3815 3744 e-mail: secdta@ibb.unesp.br
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Anexo Il - Declaracdo de que a dissertacdo ou tese ndo infringe os dispositivos da lei n°®
9610/98, nem o direito autoral de qualquer editora

Declaracao

As cépias de artigos de minha autoria ou de minha co-autoria, ja publicados ou
submetidos para publicagédo em revistas cientificas ou anais de congressos sujeitos a
arbitragem, que constam da minha Dissertagdo/Tese de Mestrado/Doutorado, intitulada
EFEITOS DA EXPOSICAO AO AGENTE HIPOLIPEMIANTE ROSUVASTATINA
SOBRE A FUNGCAO REPRODUTIVA DE RATAS WISTAR, nao infringem os dispositivos
da Lei n.° 9.610/98, nem o direito autoral de qualquer editora.

Campinas, 09 de abril de 2020.

Assinatura : = »
Nome do(a) autor(a): Jorﬁ?Willian Franco de Barros
RG n.° 49.732.540-8

Assinatura : J % ‘44‘/‘

Nome do(a) orientador(a Profa ra. Wilma De Grava Kempinas
RG n.° 13.231.987-1




