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Anualmente, mais de um milh&o de casos de leptospirose sdo confirmados no mundo. Esta
doenca endémica, que se torna epidémica em épocas de chuva, é apenas uma de muitas
zoonoses transmitidas por roedores. A profilaxia mais indicada para prevencao deste tipo de
zoonose é o controle populacional desses animais. Tendo em vista que 0s métodos atuais
utilizados neste controle, raticidas anticoagulantes, podem trazer desequilibrios ecolégicos,
contribuir para a criacdo de ambientes propicios para a transmissdo de outras doencas (geracdo
de carcacas) e séo, ainda, causadores de sofrimento animal (métodos ndo humanizados), existe
a necessidade da aplicacdo de métodos alternativos para este fim. A castracdo cirdrgica é um
método eficaz para o controle populacional de animais domésticos e muito usado na pecuaria,
para melhorar a qualidade e a maciez da carne, porém impraticavel para animais sinantropicos.
A esterilizacdo quimica, por outro lado, apresenta obstaculos quanto a escolha do composto
quimico e a via de administracdo. Em estudos realizados em nosso Laboratério, o
Dimetanossulfonato de Etano (EDS), administrado através da racéo (via oral), demonstrou
resultados promissores na castragdo quimica de ratos machos, uma vez que causa deplecdo
androgénica através de sua citotoxicidade as células de Leydig. Visto que essas células
apresentam semelhancas morfofuncionais com as células da teca dos foliculos ovarianos, o
objetivo deste trabalho é analisar os efeitos deste farmaco e do Diepoxido de 4-
vinilciclohexeno (VCD) - composto causador de morte celular em foliculos ovarianos
primordiais e primarios - sobre o sistema reprodutor feminino, além de testar seu uso conjunto,
a fim de avaliar a possivel utilizacdo de tais compostos na castracdo quimica de fémeas e como
alternativa para controle populacional de roedores. Para tanto, ratas Wistar adultas (90 dias; n
= 9 a 10/grupo) foram alocadas em 7 grupos experimentais (doses e concentracfes omitidas
por tramitacdo de solicitagdo de patente): Grupo Controle, que recebeu racdo para roedores
com veiculos; Grupo EDS G1, que recebeu EDS por via oral (gavagem) na dose 1; Grupo
EDS G2, que recebeu o dobro da concentracdo de EDS administrada aos animais do grupo
EDS G1 (via oral, gavagem); Grupo EDS R, que recebeu o composto misturado a racéo para
roedores; Grupo VCD GAV, que recebeu VCD por via oral (gavagem); Grupo VCD R, que
recebeu VCD por via oral (racdo) e Grupo EDS+VCD, que recebeu EDS e VVCD por via oral
(racdo). Apds 30 dias de tratamento, durante 0s quais 0 consumo de ragdo e 0 peso corpéreo
foram monitorados, os animais foram avaliados por 15 dias consecutivos quanto a ciclicidade
estral e seu comportamento sexual. Ao final de tais analises, as fémeas foram eutanasiadas (na
fase de estro) para coleta de érgdos e sangue. Os resultados foram analisados estatisticamente
por ANOVA seguido por Dunnett (dados paramétricos) e Kruskall-Wallis seguido por Dunn
(dados ndo paramétricos), e considerados estatisticamente significativos quando p<0,05.
Houve diferencas quanto a ingestdo de racdo, principalmente quando comparadas as ratas de
grupos tratados com EDS, que apresentaram menor ingestdo do que o controle em dias
especificos. Os pesos relativos dos figados das ratas do grupo EDS G1 e os das hipofises das
ratas do grupo EDS+VCD apresentaram-se aumentados quando comparados ao controle.
Estros prolongados foram observados nos grupos EDS G2, EDS R e VCD GAV. EDS Gl e
VCD R, apresentaram menores coeficientes de lordose do que o controle. VCD GAV
apresentou menos foliculos marcados por antigeno nuclear de proliferacdo celular (PCNA) e




hormdnio anti-mdlleriano (AMH), menor nimero de foliculos terciarios marcados por AMH
e menor intensidade de marcacdo de foliculos secundarios e terciarios. EDS G2 apresentou
menos foliculos tercidrios marcados por AMH, assim como EDS R apresentou menos
foliculos, no total, marcados por AMH. EDS R, ainda, apresentou menor altura do epitélio
glandular uterino. Em conclusédo, em ratos, o EDS, administrado pela via oral, parece ter
afetado o funcionamento da fisiologia reprodutiva feminina, reserva ovariana e histologia
uterina normal. O VCD, assim como o EDS, causou déficits a fisiologia reprodutiva feminina
e reserva folicular ovariana, além de danos a expressao de PCNA e proliferacdo celular. A
mistura entre as drogas parece, ainda, ter tido efeitos sobre as hipofises, além do
comportamento sexual. Portanto, EDS parece ser um composto quimico promissor para
utilizacéo na castracdo quimica e como método de controle populacional de roedores. Novos
estudos s@o encorajados para entender os efeitos do EDS na reproducdo feminina. Espera-se
que os resultados do presente trabalho possam contribuir para o desenvolvimento de um
método de castracdo quimica e de controle populacional de roedores, que seja ético, acessivel
e de ampla aplicabilidade.



hstract

Each year, more than one million cases of leptospirosis are confirmed worldwide. This
endemic disease, which becomes epidemic during rainy seasons, is just one of many zoonoses
transmitted by rats. The most indicated prophylaxis for preventing this type of zoonosis is
population control of these animals. Considering that the current methods used in this control,
anticoagulant rodenticides, can bring ecological imbalances, contribute to the creation of
favorable environments for the transmission of other diseases (generation of carcasses) and
are also the cause of animal suffering (non-humanized methods), there is a need to find
alternative methods for this purpose. Surgical castration is an effective method for population
control of domestic and in livestock animals, to improve meat’s quality and tenderness, but
impractical for synanthropic animals. Chemical sterilization, on the other hand, presents
obstacles as choice of chemical compound and the route of administration. In studies carried
out in our laboratory, Ethane Dimethanesulfonate (EDS), administered through the chow
(orally), showed promising results in chemical castration of male rats, as it causes androgen
depletion through its cytotoxicity to Leydig cells. Since these cells have morphofunctional
similarities with theca cells of ovarian follicles, the aim of this work was to analyze the effects
of this drug and 4-vinylcyclohexene Diepoxide (VCD) - a compound that causes cell death in
primordial and primary ovarian follicles - on the female reproductive system, in addition to
testing their associated use, in order to assess the possible use of such compounds in chemical
castration of females and as an alternative for rodent population control. For this purpose,
adult Wistar rats (90 days; n =9 to 10/group) were allocated into 7 experimental groups (doses
and concentrations omitted due to patent application processing): Control Group, which
received rodent chow with vehicles; EDS G1 group, which received oral EDS (gavage) at
dose 1; Group EDS G2, which received twice the concentration of EDS administered to
animals in group EDS G1 (orally, gavage); EDS R group, which received the compost mixed
with rodent chow; VCD GAV group, which received VCD orally (gavage); Group VCD R,
which received VCD mixed with rodent chow and Group EDS+VCD, which received EDS
and VCD mixed with rodents chow. After 30 days of treatment, during which chow
consumption and body weight were monitored, the animals were evaluated for 15 consecutive
days for estrous cyclicity and their sexual behavior. At the end of such analyses, the females
were euthanized (in the estrus phase) to collect organs and blood. The results were analyzed
statistically by ANOVA followed by Dunnett (parametric data) and Kruskall-Wallis followed
by Dunn (non-parametric data), and considered statistically significant when p<0.05. There
were differences in chow consumption, especially when comparing rats from groups treated
with EDS, which had lower intake than the control on specific days. The relative weights of
the livers of the rats of the EDS G1 group and of the pituitary of the rats of the EDS+VCD
group were increased when compared to the control. Prolonged estrus was observed in the
EDS G2, EDS R and VCD GAV groups. EDS G1 and VCD R, showed lower lordosis
coefficients than control. VCD GAV showed fewer follicles marked by nuclear cell
proliferation antigen (PCNA) and anti-mullerian hormone (AMH), fewer tertiary follicles
marked by AMH and less intense staining of secondary and tertiary follicles. EDS G2 had
fewer tertiary follicles marked by AMH, as well as EDS R had fewer follicles, in total, marked




by AMH. EDS R also had a lower height of the uterine gland epithelium. In conclusion, in
rats, EDS, applied orally, seems to have affected functioning of female reproductive
physiology along with ovarian reserve and normal uterine glands histology. VCD, like EDS,
caused deficits in female reproductive physiology and ovarian follicular reserve, in addition
to damage to PCNA expression and cell proliferation. The mixture between the drugs also
seems to have had effects on the pituitary, in addition to sexual behavior. Therefore, EDS
seems to be a promising drug for use in chemical castration and as a method of rodent
population control. Further studies are encouraged to understand the effects of EDS in female
reproduction. It is expected that the results of this work can contribute to the development of
an ethical, accessible and widely applicable method of chemical castration for rodents
populational control.
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Stroduede

1. O sistema reprodutor feminino

Segundo Simone de Beauvoir, “ndo se nasce mulher, torna-se mulher” (Santos MG,
2011). Embora o feminino e 0 masculino, para os humanos, estejam muito ligados a construcoes
sociais, do ponto de vista bioldgico a genética tem papel fundamental nesta determinacéo,
regendo uma sinfonia ordenada de eventos enddcrinos, embrioldgicos e fisioldgicos (Moore
KL, Persaud TVN, Torchia MG, 2013). Nos mamiferos therianos, dentre os quais estdo
incluidos os placentarios e 0s marsupiais, a determinacdo sexual esta relacionada ao gene SRY,
localizado no cromossomo Y, que, nos machos destas espécies, ativa 0 desenvolvimento dos
testiculos e a diferenciacdo das células de Sertoli (Pask A, 2016). A expressdo do gene SRY e
promove uprregulacéo direta de outro gene critico para a diferenciacdo dos testiculos, 0 SOX9
(Kuroki S et al., 2013; Pask A, 2016).

O gene SOX9 esta presente tanto em embrides masculinos (XY) quanto em femininos
(XX), na gbnada indiferenciada. Nos machos sua expressdo é upregulada, o que resulta na
translocacdo da proteina produzida ao nicleo. Nas fémeas, na auséncia do SRY (cromossomo
Y), a transcricdo do SOX9 ¢é desativada, portanto a proteina produzida permanece
citoplasmatica o que leva a gbnada a continuar seu desenvolvimento pela programacéo feminina
(Malki S et al., 2005; Pask A, 2016).

Anteriormente acreditava-se que o desenvolvimento dos ovarios acontecia de forma
passiva. Estudos recentes, entretanto, indicam a participacédo de outros genes que possuem papel
ativo induzindo o desenvolvimento do sistema reprodutor feminino. O WNT4 é um desses
genes. Estd diretamente envolvido na diferenciacdo sexual (Figura 1), sustentando a
diferenciacdo dos ductos paramesonéfricos e atuando na supressao do desenvolvimento sexual
masculino (restringindo a expressao do SOX9), além de participar da manutencao de processos
fundamentais para o ovécito e para o foliculo, como manutencdo da polaridade celular e
organizacdo da membrana basal que encapsula o complexo células da granulosa/ovocito em
foliculo ovariano (e onde células da teca se aderem). Sua expresséo nos ovarios é regulada por
uma proteina, R-spondina-1 (RSPOL1) (Bianson-Lauber A, Chaboissier MC, 2015; Prunskaite-
Hyyryléinen, R. et al, 2014; Wilhelm D, Palmer S, Koopman P, 2007). Estudos com fémeas de
camundongos desprovidas de expressdo de WNT4 constataram a formacg&o de ovarios anormais

que exibem estruturas semelhantes a tabulos seminiferos testiculares, o que indica o papel ativo
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e importancia do gene WNT4 na determinacdo e desenvolvimento da gbnada feminina
(Richards JS, Pangas SA, 2010; Vainio S et al, 1999). Outros estudos sobre 0 WNT4, ainda,
apresentaram resultados que indicam que este gene, além de ter atuacdo importante na fase de
embriogénese, € importante também apos 0 nascimento e durante a vida adulta, controlando a
funcdo e maturacdo ovariana através do controle do horménio anti-mdilleriano (AMH)
(Prunskaite-Hyyryléinen, R. et al, 2014).

Dos genes e sua expressdo, entdo, desencadeiam-se eventos embrioldgicos. Os estagios
iniciais do desenvolvimento gonadal acontecem durante a quinta semana de gestacdo humana.
No inicio, o chamado estagio indiferenciado do desenvolvimento sexual, a area genital é
semelhante nos dois sexos e as gbnadas sdo indiferenciadas (ou também chamadas
bipotenciais). A partir da quinta semana, nos seres humanos, trés fontes principais dardo origem
as gbnadas em sua forma diferenciada: o mesotélio, epitélio mesodérmico que reveste a parede
abdominal posterior; o mesénquima, tecido conjuntivo embrionario subjacente e as células
germinativas primordiais (CGPs), primordios das células sexuais indiferenciadas (Moore KL,
Persaud TVN, Torchia MG, 2013; Bianson-Lauber A, Chaboissier MC, 2015).
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Neste periodo, uma area espessada se desenvolve ao lado do mesonefro, um rim
rudimentar provisorio que funciona por aproximadamente 4 semanas até que 0S rins
permanentes se desenvolvam e comecem a funcionar. O epitélio e 0 mesénquima subjacente se
proliferam produzindo uma saliéncia no lado medial do mesonefro, a crista gonadal. Com isso,
corddes epiteliais digitiformes, os chamados cordbes gonadais, se formam e crescem para
dentro do mesénquima subjacente, resultando em separacdo de regifes na gbnada
indiferenciada, o cortex (externo) e a medula (interna). Nos embrides do sexo feminino, que
possuem cromossomos sexuais XX, o cortex da génada indiferenciada se tornara o ovario,

enguanto que a medula regride. Ja nos do sexo masculino, que possuem Cromossomos sexuais
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XY, o cortex regride e a medula se diferencia em testiculo (Moore KL, Persaud TVN, Torchia
MG, 2013; Schoenwolf GC et al, 2016).

As CGPs, células grandes e esféricas que posteriormente dardo origem aos
espermatozoides ou aos ovocitos, surgem longe das células que dardo origem a gdnada em
desenvolvimento. Por isso, durante o desenvolvimento, migram ativamente através do embrido,
saindo de sua origem proxima das celulas endodérmicas da saco vitelinico e do alantoide tendo
como destino a regido da crista gonadal (Richardson BE, Lehmann R, 2010; Moore KL, Persaud
TVN, Torchia MG, 2013). A chegada das CGPs no mesénquima da parte dorsal do corpo, la
pela sexta semana de gestacdo, induz o epitélio celébmico a produzir células sométicas de
sustentacdo, que envolvam as CGPs. Essas células somaticas de sustentacdo se desenvolvem
em células de Sertoli, nos machos, e em células foliculares (células da granulosa), nas fémeas
(Schoenwolf GC et al, 2016).

O primeiro sinal morfoldgico da diferenciacdo ovariana, portanto, é a distingdo entre o
cortex e a medula ovariana, que ocorre com 0 desenvolvimento de “ninhos” de células
germinativas no cértex. Durante o desenvolvimento dos ovarios, os cordfes gonadais se
estendem até a medula formando uma rede rudimentar de corddes e canais gonadais, a rete
ovarii, que se degenera e desaparece. Formam-se entdo os corddes apicais, que se estendem da
superficie do ovario até mesénquima subjacente. Estes crescem em tamanho, incorporando as
células germinativas primordiais, e se dividem em grupos de células isoladas durante a 16°
semana de gestacdo (nos humanos) — os foliculos primordiais. Cada foliculo é rodeado por uma
camada de células derivada do epitélio da superficie e contém uma ovogonia, derivada de uma
CGP. As ovogonias sdo produzidas a partir de mitose durante a vida fetal e ndo séo produzidas
novas ovogonias apds o nascimento (Moore KL, Persaud TVN, Torchia MG, 2013; Pask A,
2016; Wilhelm D, Palmer S, Koopman P, 2007).
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Além das gonadas, o desenvolvimento do sistema de ductos € de extrema importancia
para a formacdo do sistema genital. Nos mamiferos, estes sistemas originam-se a partir do
mesonefro. Ambos sistemas, Mesonéfrico (de Wolff) e Paramesonéfrico (de Muiller), estdo
inicialmente presentes tanto em machos quanto em fémeas (Figura 2). O sistema mesonéfrico,
progenitor do sistema de ductos masculino, aparece como segmentos temporarios e pequenos
que se unem formando um dnico tubo continuo por toda a extensdo da crista gonadal até a
cloaca e seu término caudal. Ja o ducto paramesonéfrico, que dara origem ao sistema de ductos
femininos, forma-se pela invaginagdo de um tubo formado paralelamente ao ducto mesonéfrico
(tanto em machos quanto em fémeas), na superficie do mesonefro. Durante o desenvolvimento
normal dos mamiferos, somente se desenvolvera (totalmente) um dos dois conjuntos de ductos,
dependendo do desenvolvimento gonadal em testiculo ou ovario (Moore KL, Persaud TVN,
Torchia MG, 2013).

Na auséncia do desenvolvimento testicular, producdo de testosterona e Hormonio Anti-
Mulleriano (AMH), o ducto paramesonéfrico se desenvolveréa e formaré o oviduto, Utero e a
porcdo superior da vagina (a regido inferior deriva do seio urogenital), enquanto que o ducto
mesonéfrico, ndo se proliferard, regredindo. Nos machos, o desenvolvimento do ducto
mesonéfrico é estimulado pela testosterona produzida pelos testiculos em desenvolvimento e
dara origem ao epididimo, ducto deferente, préstata, glandulas seminais e glandulas
bulbouretrais, enquanto que o ducto paramesonéfrico regride (Wilhelm D, Palmer S, Koopman
P, 2007; Pask A, 2016). Em ratos, os eventos de degeneracdo do ducto paramesonéfrico (nos
machos) e do ducto mesonéfrico (nas fémeas) acontecem por volta do dia gestacional 17 (Hebel
R, Stromberg MW, 1986; Maeda KI, Ohkura S, Tsukamura H, 2000).

Anatomicamente, o sistema genital feminino compreende o sistema genital e o sistema

tegumentar (que inclui as mamas). Compde-se de gonadas (produtoras de gametas) e ductos ge-
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Figura 3. Anatomia do Sistema Genital Feminino (SGF). A- Desenho esquematico do SGF humano. B.
Desenho esquematico do SGF de rato (Chumduri C, Turco MY, 2021).
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nitais (por onde transitam): ovarios, tubas uterinas, vagina, glandulas anexas, 6rgéos genitais
externos e do utero (Figura 3) (Dangelo JG & Fattini CC, 2007). Os ovarios, as gonadas
femininas, sdo estruturas pares, com cerca de 10 cm de comprimento e 1cm de didmetro (em
humanos), em forma de améndoa, e que se estendem lateralmente a partir do corno do Utero.
Em ratas, possuem formas protrusas na superficie que conferem ao ovério aparéncia semelhante
a cacho de uvas. Ovérios, além de serem responsaveis pela producao de gametas (0s ovocitos)
controlam muitos aspectos do desenvolvimento e fisiologia feminina, atuando como glandula
reprodutiva, ou seja, secretando horménios (Edson MA, Nagaraja AK, Matzuk MM, 2009;
Haschek, W M, Rousseaux, CG, Wallig, MA, 2010; Moore KL, Persaud TVN, Torchia MG,
2013).

Durante a puberdade, ha ativacdo do eixo Hipotalamo-Hipofise-Gonadas (HHG) que
resulta em alteragBes na atividade hormonal e em processos fisiologicos, além de mudancas
comportamentais. Com o inicio da secrecdo de Horménio Liberador de Gonadotrofina (GnRH),
também chamado de Horménio Liberador de Hormonio Luteinizante (LHRH), ocorre estimu-
lacdo da hipdfise a produzir horménios chamados de gonadotrofinas, o Hormonio Luteinizante
(LH) e o Horménio Foliculo Estimulante (FSH), que levam a maturacdo e ativacao funcional
dos ovarios (Figura 4). Esses passam a recrutar foliculos primordiais para se desenvolverem em
um processo chamado Foliculogénese (Figura 5), que prepara o ovécito para ovulagdo. Os
foliculos ovarianos, normalmente localizados no cértex ovariano, sdo as unidades funcionais
do ovério e contém um ovacito envolto pela camada da granulosa (correspondente as células
de Sertoli dos machos), que promove sustentacdo ao ovocito (e estrogenos), e pelas Tecas
(correspondentes as células de Leydig dos machos) (Emanuele MA, Wezeman F, Emanuele
NV, 2002; Rendi MH et al, 2012; Edson MA, Nagaraja AK, Matzuk MM, 2009; Tevosian, SG,
2013; Hawkins, SM e Matsuk, MM, 2008).

/ Hypolha\amus

Figura 4. O Eixo Hipotalamo-Hip6fise-Gonadas
(Progesterons)  Estrogen) (Emanuele MA, Wezeman F, Emanuele NV, 2002
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Nos foliculos primordiais e primarios (Figura 5) é possivel visualizar apenas uma camada
de células foliculares, diferenciadas pelo seu aspecto pavimentoso, nos primordiais, e cuboide,
nos primarios. Na presenca de FSH, os foliculos crescem com a proliferacdo de células da
granulosa, resultando em mais de uma camada de células envolvendo o ovdcito. A partir do
estagio de duas camadas inicia-se a formacdo da teca. Andrégenos produzidos pela teca interna
sdo convertidos em estrégeno na camada da granulosa pela enzima aromatase, resultando em
um aumento de estrégeno intrafolicular. Foliculos que apresentam mais de uma camada de
células da granulosa séo classificados como Foliculo Secundario ou Em Crescimento. Estes,
apo6s acumulo de liquido em seu interior, desenvolvem uma cavidade, o antro, sendo entdo
classificados como Foliculos Antrais. Um pico de LH desencadeia a ovulacdo, processo onde
héa liberacdo do ovocito (juntamente com liquido e algumas células da corona radiata, parte da
granulosa). O foliculo que passou por ovulacdo passa, entdo, por um processo de luteinizacao
e suas células adquirem capacidade de produzir progesterona (Hawkins, SM e Matsuk, MM,
2008; Magoffin DA, 2005; Hall, J. E., Guyton, A. C., 2017).

Secondary = —
Follicle =~
Recruitment ~~ LN
\ Primary
Follicles

Primordial

Follicle Tertiary

Graafian
Follicle

Figura 5. Foliculogénese. O processo de Foliculogénese iniciando-se com o recrutamento de foliculos
primordiais, evolucao a foliculos primérios, foliculos secundarios, foliculos antrais e ovulagdo. A autora.
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Os ovacitos primérios (ovdcitos I) sdo células precursoras dos gametas produzidas a partir
de mitose das ovog6nias, pouco antes do nascimento. A partir da puberdade, 0s ovocitos
retomam a meiose iniciada na vida pré-natal e os ovocitos primarios (ovacitos 1) se transformam
em ovocitos secundarios (ovocitos 1) apos liberacdo do primeiro corpusculo polar e diviséo de
material genético. Com a ovulagdo, ha liberacdo do ovacito Il para a tuba uterina, sendo que
este seré transportado até o Gtero. A meiose ndo se completa. E interrompida na metéafase 11 e
s0O sera retomada com a fertilizagdo do ovocito, quando enfim o évulo sera produzido (Hall, J.
E., Guyton, A. C., 2017; Maeda K, Ohkura S, Tsukamura H, 2000).

Outro 6rgdo de extrema importancia para o trato reprodutor feminino dos mamiferos é o
utero. O Utero € um 6rgdo muscular que pode ser dividido em quatro regides principais: o fundo,
0 corpo, o istmo e a cérvice. O fundo esté localizado na regido superior do Utero e é o local
onde usualmente ocorre a implantacdo do blastocisto, no caso de gravidez. O corpo, como 0
préprio nome diz, constitui 0 maior segmento do Utero e € ligado a cérvice através do istmo. A
cérvice, por sua vez, liga a vagina ao Utero. Histologicamente, o Gtero é formado por trés
principais camadas: endométrio, miométrio e perimétrio. (Bates GW, Bowling M, 2013;
Gasner, A, P.A.A, 2021). Nas ratas, o Utero € bicorno, apresentando dois cornos laterais que se
unem distalmente em um unico corpo (Rendi MH et al, 2012). Este 6rgédo, tanto em ratas quanto
em outros mamiferos, € regido por processos ciclicos (ciclos ovarianos) resultantes da acdo dos
hormdnios liberados pelo ovario, estrogeno e progesterona, que resultam em mudancas
periddicas em sua morfologia (ciclo uterino).

Na maioria dos mamiferos ndo-primatas a reproducdo feminina é coordenada pelo

chamado Ciclo Estral (Figura 6). Este, é dividido em quatro fases principais: Proestro, fase em
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que, ao analisar o lavado vaginal ao microscopio ético, processo utilizado para analise do ciclo
em ratas, é notada predominancia de células epiteliais nucleada; Estro, fase em que ha
predominancia de células queratinizadas em que as fémeas estdo sexualmente receptivas (assim
como no fim do proestro) e ocorre a ovulacdo; Metaestro, fase em que ha iguais proporcoes
numericas entre os tipos celulares; Diestro, fase onde h& predominio de leucécitos (Rendi MH
et al, 2012; Marcondes FK, Bianchi FJ, Tanno AP, 2002). Nas mulheres e em outros primatas,
o ciclo ovariano é chamado Ciclo Menstrual (Figura 7), onde padrdes ritmicos hormonais

organizam cascatas de eventos que resultam em trés fases distintas: Fase Proliferativa (Folicu-
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lar), Fase Secretora (Lutea) e Fase Menstrual. Estas determinam, principalmente, o exato
momento da ovulacdo, coordenando ovario, Utero e todo o organismo e preparando-o0s para uma
potencial gravidez (Moore KL, Persaud TVN, Torchia MG, 2013).

As ratas, como outros mamiferos ndo-primatas, apresentam ciclos estrais (Maeda K,
Ohkura S, Tsukamura H, 2000). S&o animais de grande potencial reprodutivo, podendo gerar
até 13 filhotes por ninhada (Chahoud, I., & Paumgartten, F. J., 2009). Sabendo, ainda, que 0s
filhotes dessas ratas podem ter seus proprios filhotes em menos de 2 meses apds 0 nascimento
(Fuochi S. et al, 2022), pode-se considerar que a superfertilidade das ratas seja um problema,

ja que os ratos sdo animais transmissores de zoonoses (Himsworth CG et al, 2014).
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2. O problema das zoonoses causadas por ratos

Anualmente cerca de um milh&o de casos e 53800 mortes ocorrem em decorréncia de
leptospirose (Costa F et al., 2015). De incidéncia comum principalmente em areas tropicais e
paises em desenvolvimento, como o Sudeste e o Sul da Asia, Oceania, Caribe, América Latina
(Caribe, Andes e regides tropicais) e Leste da Africa Subsaariana, nio é uma doenca restrita a
essas areas, constituindo um problema global (Bharti AR et al, 2003; Le Turnier P, Epelboin,
L, 2018). No Brasil, segundo dados da Secretaria de Vigilancia em Salde, do Ministério da
Saude, no periodo de 2007 e 2019 foram registrados 48670 casos confirmados e 4287 6bitos
(Ministério da Saude, 2020; Ministério da Saude, 2018). No Brasil, recebe status de endémica
e, assim como em outros paises, observa-se um aumento de incidéncia em periodos chuvosos
guando torna-se epidémica. Comunidades de baixo poder aquisitivo e desprovidas de
saneamento basico sdo especialmente afetadas por esta zoonose (Khalil H et al, 2021;
Ministério da Saude, 2018; Naing C et al, 2019).

Seu principal vetor é o rato e sua transmissdo para humanos se da através da urina de
roedores infectados (Figura 8). A presenca ou 0 contato com estes animais € um dos fatores
mais decisivos para a infec¢do pelas bactérias do género Leptospira (Ministério da Saude,
2018), contato este que também pode ocorrer através da agua e/ou lama contaminadas, inclusive
em atividades recreacionais em que ha exposi¢do a agua fresca, como natacdo, canoagem,
dentre outras (Le Turnier P, Epelboin, L, 2018; Naing C et al, 2019).

Figura 8. Ratos-domésticos — Mamiferos urbanos reservatdrios de leptospirose. A. Camundongos entre graos
em infestacdo na Austrélia (BBC News Brasil, 2021). B. Rato morto em um beco em Baltimore, EUA. Todos 0s
ratos locais estavam infectados por leptospirose e eram fonte de infeccdo para casos humanos esporadicos
(Adaptado de Bharti AR et al, 2003).
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Considerados pragas urbanas, estes roedores sdo responsaveis por infestagdes em muitas
cidades ao redor do mundo: Nova York, Madri e S&o Paulo séo algumas das metropoles que
frequentemente lutam contra infestacdes destes roedores (Afzal | et al, 2020; CDC, 2012; Diz
FA, Concei¢do GMS, 2021; Uria IT, Mahiques JM, Gras LM, 2013; Reino G, Gomes P, 2021).
Tais infestacOes podem ser desesperadoras: Recentemente algumas cidades do estado de Nova
Gales do Sul, na Austrélia, passaram por uma grande infestacdo de ratos-domésticos

(camundongos), muito noticiada pela midia, que provocou danos a plantacGes e instalacfes

(Figura 9), levando a prejuizos materiais e emocionais por parte da populacdo (New York
Times, 2021; BBC News Brasil, 2021; McCosker M, Thompson V, 2021).

Figura 9. Infestagdo de ratos-domésticos em Nova Gales do Sul. A. Milhares de camundongos apareceram dia
e noite em fazendas de Nova Gales do Sul. B. Ratos-domésticos destruiram trigo colhido (comparacdo antes e
depois). C. Fios elétricos e eletrodomésticos foram destruidos pelos ratos (Adaptado de The New York Times,
2021).

E importante lembrar que esta zoonose, leptospirose, é apenas uma das doencas
transmitidas por esses animais. Roedores sdo ainda responsaveis pela transmissdo de
hantaviroses, salmoneloses, febre por mordedura de rato, peste bubénica, febres hemorrégicas,
dentre outras doencas (Gravinatti ML et al, 2020; Rahman T et al, 2020; Yan C et al, 2014).
Portanto, o controle populacional desses animais sinantropicos constitui uma medida profilatica
de extrema importancia para o controle dessas doencas. Este controle ainda tem grande
importancia econdmica, ja que os ratos sdo causadores de prejuizos para setores como a
agricultura e a pecuéria, causando danos a plantaces, infraestrutura, estocagem e transporte de
alimentos e racdes (Ministério da Saude, 2002; Normile D, 2010), aléem de grande importancia
ambiental, ja que ratos invasores podem causar a extin¢ao de espécies de plantas nativas, além
de afetar aves, répteis e invertebrados e causar mudancas funcionais em ecossistemas,
principalmente em ilhas, onde esse controle é de extrema dificuldade e muitas vezes
considerado impossivel (Duron Q, Shiels AB, Vidal E, 2017).
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3. Métodos de controle populacional

Atualmente, o controle populacional de ratos é feito através de métodos mecanicos
(armadilhas ratoeiras), fisicos (ultrassom e aparelhos eletromagnéticos), biologico (utilizando
gatos) e quimicos, com a utilizagdo de raticidas e rodenticidas (venenos). Os raticidas podem
ser classificados em agudos ou crénicos em relacdo a rapidez com que fazem efeito. Os raticidas
agudos (Figura 10) provocam a morte do roedor em até vinte e quatro horas ap0s sua ingestdo
enquanto que os raticidas cronicos possuem um tempo de acdo maior do que vinte e quatro

horas ap0s a ingestao (Ministério da Saude, 2002; Ministério da Saude, 2016).

A B

Figura 10. Raticidas Agudos. A. Raticidas liquidos, proibidos no Brasil. B. “Chumbinho”, inseticida agricola
indevidamente utilizado como raticida agudo (Adaptado de Ministério da Saude, 2002).

Estricnina, arsénio, sulfato de talio, fosfeto de zinco e fluoracetamida sdo exemplos de
raticidas agudos: compostos tdxicos que atuam sobre o sistema nervoso central de maneira
inespecifica. No Brasil, raticidas agudos foram proibidos em 1982 em decorréncia de grande
namero de acidentes fatais com seres humanos. Portanto, os raticidas cronicos sdo 0s mais
utilizados. De a¢do anticoagulante, em sua maioria, agem inibindo a sintese de protrombina,
resultando em problemas de coagulagdo e morte por hemorragias internas (pulmonares e/ou
mesentéricas). Idantiénicos e Hidroxicumarinicos (divididos entre hidroxicumarinicos de dose
unica e hidroxicumarinicos de dose mdaltipla) sdo classes de raticidas cronicos amplamente
empregadas no pais. No Brasil, somente sdo permitidos pela Agéncia Nacional de Vigilancia
Sanitaria (ANVISA), rodenticidas anticoagulantes a base de hidroxicumarina, na forma de p6
de contato (uso em tocas) (Figura 11), isca, isca granulada ou bloco impermeavel (parafinado
ou extrusado) (Ministério da Saude, 2002; Ministério da Saude, 2016).



25

A aplicacdo de venenos é uma abordagem que possui vérias desvantagens e pontos
negativos. O primeiro deles é o desbalango populacional que podem ocasionar. A utilizagdo
desmedida desses venenos pode gerar desequilibrios nos ecossistemas, pelo aumento nédo
pretendido da populagdo de roedores, através do chamado “Efeito Bumerangue” (Ministério da
Saude, 2002; Richardson JL et al., 2019). O Efeito Bumerangue é um possivel resultado de um
processo de desratizacdo realizado de maneira ineficiente (UFPel, 2016; Ministério da Salde,
2002).

Figura 11. Raticida em p6. P4 de contato colocado em trilha de roedor (Ministério da Salde, 2002).

A colbnia de ratos pode ser considerada como capaz de abrigar um determinado numero
“x” de animais, devido a fatores intrinsecos e extrinsecos, como a disponibilidade de alimento
(principalmente). Para que o nimero de animais habitantes da col6nia ndo exceda sua
capacidade natural, existem mecanismos naturais de controle como, por exemplo, baixa
fecundidade das fémeas, periodos reduzidos ou inexistentes de receptibilidade sexual e,
principalmente, canibalismo de recém-nascidos (UFPel, 2016; Ministério da Saude, 2002).
Quando a intervencdo acontece de forma mal planejada ou mal executada, ocorre a eliminacao
de apenas alguns animais da colénia, enquanto que outros permanecem nela, resultando num
nimero de animais menor que o nimero limite “x” de animais comportados. Com isso, 0s
mecanismos naturais de controle sdo suprimidos, as fémeas tornam-se novamente sexualmente
receptivas e ndo ha mais canibalismo dos recém-nascidos (UFPel, 2016; Ministério da Saude,
2002).

Com o nascimento dos varios novos recém-nascidos, estes crescerdo e excederdo o
numero limite “x”. Havera pressao da colbnia, que unida, passara a tentar expulsar 0s novos
membros excedentes para eliminar o risco de falta de alimento. Os novos individuos, entdo,

passardo a lutar fisicamente entre si pelo lugar/direito de permanéncia na coldnia. Os filhotes
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mais fortes fisicamente vencer&o a disputa, permanecendo na coldnia, enquanto que os filhotes
menores em tamanho e forga, fugirdo da colbnia sob risco de serem mortos. Estes passaréo a
integrar col6nias vizinhas ou novas col6nias aumentando, assim, a populacéo de ratos do local
e resultando no Efeito Bumerangue (UFPel, 2016; Ministério da Saude, 2002).

Dentre outros pontos negativos da utilizacdo de venenos, destaca-se ainda sua
possibilidade de levar ao envenenamento n&o intencional de animais néo-alvo, seja de forma
direta pela ingestdo do veneno, ou indireta, pela ingestdo do roedor envenenado (Mason GJ,
Littin KE, 2003), além do fato de que tais compostos resultam na geracdo de carcacas desses
roedores, que causam prejuizo as condi¢des sanitarias dos locais, criando ambientes propicios
para transmissao de outras doengas. Esta, ainda, constitui uma abordagem de controle néo ética
e desumana, ja que causam mortes lentas e dolorosas, que podem demorar mais de 24 horas
para acontecer, constituindo meios que causam sofrimento animal (Mason GJ, Littin KE, 2003).

A castracdo de animais é um dos métodos mais utilizados para o controle populacional
de animais domesticos (Houlihan KE, 2017), além de ser bastante utilizada na pecuéria, para
melhorar a maciez e qualidade da carne (Nian Y et al, 2018; Li Y et al, 2020; Marti S et al,
2013). Embora a abordagem cirurgica seja eficiente para estes animais, é inviavel no controle
em larga escala e impraticivel para animais sinantropicos como os roedores. Existe entdo a
alternativa da castracdo quimica, que tem por obstaculo a escolha, disponibilidade e eficacia de
farmacos a serem utilizados para esse propdsito (Paranzini CS et al, 2018).

4. Dimetanossulfonato de Etano

O Dimetanossulfonato de Etano (EDS) é um diéster sulfonico alquilante (Figura 12),
analogo ao busulfan (o dimetanossulfonato de butano, quimioterapico usado no tratamento de
leucemias agudas e outras desordens ndo malignas, além de constituir regime preparativo para
pacientes que passardo por transplante de medula 6ssea) (Buggia | et al, 1994; Molenaar R et
al, 1985; Morris 1D, Phillips DM, Bardin CW, 1986; Patel, R & Tadi, P, 2021), que apresenta
efeitos citotoxicos as células de Leydig, células produtoras de testosterona, levando a deplegéo
androgénica. Os mecanismos através dos quais o EDS age ainda ndo sdo completamente
entendidos. O que se sabe é que parecem estar ligados a estresse oxidativo e apoptose das
células de Leydig, com ativacdo de receptores FAS e caspase 3 (Ashby J et al, 2001; Morris
ID, Phillips DM, Bardin CW, 1986; Taylor MF et al., 1999).

Este composto ha décadas tem sido alvo de interesse dos pesquisadores em decorréncia
de sua alta especificidade as células de Leydig e por ser considerado relativamente ndo toxico,

ao contrario do que ocorre com outros sulfonatos alcanos, que sdo drogas antitumorais de
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extensa toxicidade sistémica (Edwards K, Jackson H, Jones AR et al, 1988; Rommerts FF,
Teerds KJ, Hoogerbrugge JW, 1988; Smart JL et al, 1990).

Figura 12. Férmula da estrutura quimica do Dimetanossulfonato de Etano. PubChem [internet].

Os efeitos provocados pelo EDS séo principalmente decorrentes a deplecdo androgénica
provocada. Os androgenos constituem uma classe de hormdnios essenciais para o
desenvolvimento do sistema reprodutor, produzidos a partir do colesterol. Tém papel de
extrema importancia durante o desenvolvimento sexual intrauterino (formagdo do trato
reprodutivo masculino interno e externo), no amadurecimento do sistema reprodutor e seus
orgdos (que ocorre durante a puberdade), além de grande importancia no desenvolvimento e
manutencdo das caracteristicas sexuais secundarias e terciarias durante toda a vida adulta. Séo,
ainda, necessarios para o funcionamento normal do Eixo Hipotalamo-Hip6fise-G6nada e para
a espermatogénese (Bienenfeld A, 2019; Hiort O, 2002; Morris ID, Phillips DM, & Bardin CW,
1986; US EPA, 2011).

Em estudos nos quais foram tratados ratos machos com EDS (75mg/Kg) por via
intraperitoneal, os danos as células de Leydig resultaram em supressdo dos niveis séricos e
testiculares de andrdgenos dentro de um periodo maximo de 24 horas, com destruicdo das
células de Leydig em até 48 horas. Testiculos e Orgdos acessorios reprodutores também
apresentam perda de peso que persiste até que o0s niveis séricos androgénicos sejam restaurados
ao normal (Morris ID, McCluckie JA, 1979; Smart JL et al, 1990). A exposicao de ratos machos
a EDS resulta ainda em reducdo da motilidade progressiva de espermatozoides, alteragdes na
histologia do corpo e cauda proximal do epididimo e diminuicdo de proteinas especificas dos
espermatozoides da porcdo proximal da cauda do epididimo, regido na qual a habilidade
fertilizante é adquirida (Dyson AL, Orgebin-Crist MC, 1973; Klinefelter GR et al., 1990).

As alteracOes androgénicas provocadas pelo EDS também induzem alteragdes nas células
de Sertoli e peritubulares por significativa perda de receptores androgénicos, o que induz, ainda,

aumento das células germinativas em apoptose (Atanassova N et al., 2006). Estudos realizados
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em nosso Laboratério, os quais encontram-se atualmente em processo de patenteamento,
confirmam ainda os efeitos do EDS sobre o sistema reprodutor masculino, apresentando
prejuizos como diminuicdo da motilidade espermatica, diminuicdo de peso de &rgdos
reprodutores e danos a concentracdo espermatica, aléem de constatarem seu potencial como
quimioesterilizante a ser empregado no controle populacional de roedores.

Esse quimico tem se estabelecido como composto de escolha em estudos sobre a
reproducdo feminina, ja que constitui um metodo de comprometimento da producdo de
androgenos sem intervencdo cirargica, além de possuir muitas aplicacdes devido a
reversibilidade desse processo através da interrup¢do de sua administracdo e formacao de novas
células de Leydig ou através da administracdo de andrégenos (Chen H et al, 2015; Heng K et
al, 2012; Jackson H et al, 1973; Morris ID & McCluckie JA, 1979).

Embora sejam bem conhecidos os efeitos deste composto sobre as células de Leydig,
pouco se sabe sobre os efeitos do EDS sobre o sistema reprodutor feminino devido ao baixo
namero de estudos publicados onde tenha havido tratamento de ratas fémeas com EDS. Em um
deles houve administracdo de 50mg/Kg da droga a ratos machos e fémeas durante o periodo de
aleitamento através de injecdo na nuca, onde foram observados efeitos negativos sobre os
6rgéos reprodutivos dos machos, como diminui¢do dos pesos do testiculo e do epididimo, atraso
no crescimento em ambos 0S sexos e atraso na abertura vaginal de fémeas, apresentando
também menor peso corpéreo durante a avaliagdo desse parametro (Smart JL et al, 1990).

No sistema reprodutor feminino a funcdo de prover andrégenos recai sobre as células da
teca. A teca do foliculo ovariano € uma camada ou envelope de tecido conectivo que envolve
as células da granulosa. E subdividida em teca interna e teca externa. Enquanto a primeira
contém células enddcrinas, a teca externa é formada por células de tecido conectivo fibroso
derivadas de células semelhantes a fibroblastos. Pelo fato de ser vascularizada, a teca apresenta
grande importancia na entrega de nutrientes para outras células (como as células da granulosa),
na manutencdo da integridade estrutural e na producdo de andrdégenos como testosterona,
androstenediona e di-hidrotestosterona. A androstenediona, um destes androgenos produzidos
pela teca, é sintetizada pela sua porcdo interna, a teca interna, em resposta ao estimulo
provocado pelo LH (horménio luteinizante). Este andrdgeno é convertido pelas células da
granulosa, através da enzima aromatase em estradiol, portanto uma eventual auséncia de
androgenos também resultaria em danos ao correto funcionamento do sistema reprodutor
feminino (Richards JS et al, 2017; Richards JS, Hedin L, Caston L, 1986; Fortune JE,
Armstrong DT, 1978).
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Devido ao fato de que existem semelhangas morfofuncionais entre as células de Leydig
e as celulas da teca dos foliculos ovarianos (Potter SJ, Kumar DL, DeFalco T, 2016), surge a
hipdtese de que este composto também possa agir sobre estas células. Ambas as células, de
Leydig (presentes nos testiculos) e da teca (presentes nos ovarios), sao tipos criticos de células
presentes no intersticio gonadal, de fun¢do semelhante desempenhando papel chave ao prover
androgenos fundamentais para que os 6rgaos reprodutivos desempenhem suas funcées (Potter
SJ, Kumar DL, DeFalco T, 2016). Tais células também tem origem semelhante, se
diferenciando no intersticio das gdnadas dos mamiferos, fora dos compartimentos que contém
as células germinativas no testiculo (corddes testiculares e tubulos seminiferos) e no ovario
(foliculos), embora se desenvolvam em periodos diferentes. Enquanto que as células
esteroidogénicas das gb6nadas masculinas, células de Leydig, surgem durante o
desenvolvimento fetal, as células da teca ndo se diferenciam até estagios perinatais, quando o
desenvolvimento folicular comeca (Barsoum 1B, Yao HH, 2010; Magoffin DA, 2005; Mannan
MA, O'Shaughnessy PJ, 1991; Potter SJ, Kumar DL, DeFalco T, 2016).

As Células de Leydig Ovarianas, como atualmente sdo chamadas as Células do Hilo do
Ovério - que se localizam no hilo do ovério ou no mesovario (quando localizadas
ortopicamente) ou no estroma fimbrial das tubas uterinas, embaixo da capsula ovariana (quando
localizadas heterotopicamente), também sdo células muito semelhantes as células de Leydig
dos testiculos, apresentando caracteristicas morfoldgicas e imonohistoquimicas semelhantes,
além de também serem produtoras de testosterona (Carrasco-Juan JL et al, 2017; Carrasco-Juan
JL et al, 2018), constituindo outro lugar de possivel acdo do EDS, além das células da teca.
Portanto, a investigacao dos efeitos desse composto sobre a reproducdo feminina é necessaria
para melhor compreender o potencial e viabilidade do uso desta droga para a castracdo quimica

e controle populacional de ratos e outros roedores.

4. O Diepoxido de 4-vinilciclohexeno

Outro composto quimico de grande importancia para estudo da inibicdo do potencial
reprodutivo de fémeas é o Diepdxido de 4-vinilciclohexeno, o VCD. O VCD (Figura 13) é um
guimico ocupacional amplamente usado como quimico intermediario e/ou diluente reativo para
resinas epoxi e diepoxidos. Sabe-se que este composto causa perda seletiva de foliculos
ovarianos nos estagios primordial e primario do desenvolvimento, via inibicdo direta da
autofosforilacdo do receptor de sobrevivéncia c-kit, localizado na membrana plasmética dos
ovocitos (Mark-Kappeler CJ, 2011; Brooks HL, Pollow DP, Hoyer PB, 2016).
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Figura 13. Férmula da estrutura quimica do Diepoxido de 4-
vinilciclohexeno. PubChem [internet].

O Receptor c-kit é um receptor de tirosina quinase essencial para proliferacéo,
sobrevivéncia e migracdo de varios tipos celulares, dentre eles os precursores dos melandcitos,
celulas tronco e células germinativas. A ligagdo do ligante de c-kit chamado Kit Ligand (KL),
ou também fator de células tronco ou fator de crescimento multipotente, induz
homodimerizacdo do receptor e auto fosforilacdo dos dominios de tirosina-quinase livres.
Quando o receptor é danificado, ndo funciona ou simplesmente ndo héa ligacdo do KL no c-Kkit,
ndo ha autofosforilacdo. Essa auséncia de fosforilacdo leva a defeitos na modulacdo de
diferentes vias de sinalizagdo (Yoshida H et al, 1997; Martins FS et al, 2008; Di Siena S et al,
2016; Figueiredo JR et al, 2018). Em ovarios de roedoras, KL e c-kit sdo importantes para a
sobrevivéncia, migracdo e proliferacdo de células germinativas primordiais, ativacdo de
foliculos primordiais, crescimento e sobrevivéncia do odcito, além de proliferacdo de células
da granulosa. As células da granulosa expressam KL enquanto que o odcito e as células da teca
expressam seus receptores c-kit, exemplificando a interligagéo funcional de tais estruturas que
controla varios aspectos da formacéo, crescimento e desenvolvimento folicular (Figueiredo JR
et al, 2018).

O sucesso na ovulagdo do ovécito depende da progressdo apropriada do foliculo por
diferentes estadgios do desenvolvimento, sendo que essa progressdo do desenvolvimento
folicular segue a ordem: Foliculo Primordial, Foliculo Primério, Foliculo Secundéario (ou Pré-
Antral), Foliculo Antral e Foliculo de Graaf (somente para o foliculo que contém o ovécito a
ser ovulado). Os ovocitos contidos nos foliculos iniciam seu processo de meiose antes do
nascimento retornando-o a partir da puberdade e finalizando-o somente com a fecundacéo. As
fémeas dos mamiferos nascem com um ndmero limitado de foliculos primordiais e ovécitos
(apds o nascimento ndo sdo gerados novos ovdcitos) e, portanto, compostos que destroem
ovocitos ou a reserva folicular ovariana (como o VCD) levam a faléncia ovariana prematura
(menopausa prematura, em mulheres) (Hoyer PB et al., 2001; Moore KL, Persaud TVN,
Torchia MG, 2013; Yoshida H et al, 1997; Cao LB et al, 2020). Atualmente, o VCD
estabeleceu-se como modelo de estudo da menopausa, afinal compreende animais que ainda

apresentam ovario (ndo foram submetidos a ooforectomia) e resulta na faléncia ovariana através
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da deplecéo folicular, melhor se aproximando da progressdo natural humana da perimenopausa
para a menopausa (Brooks HL, Pollow DP, Hoyer PB, 2016).

Devido ao fato de que o EDS é ativo pela via oral (Jackson H, Craig AW, 1969), prop0e-
se a abordagem do tratamento através da adicdo do composto também a racdo. O tratamento de
fémeas com EDS e VCD isolados e combinados através da técnica inovadora de adicionar estes
compostos a racdo permitira avaliar e comparar efeitos dessas drogas sob esta forma de
administracdo, sendo importante para avaliar seu potencial como alternativa aos métodos atuais
de controle populacional de roedores. Espera-se que o presente trabalho possa disponibilizar

um método de castracdo animal ético, acessivel e de ampla aplicabilidade.
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Este projeto justifica-se pela necessidade da criagdo de um método de controle
populacional para roedores menos impactante aos ecossistemas, visto que as atuais alternativas
(raticidas e rodenticidas) podem ter efeitos como desequilibrio populacional de tais espécies,
envenenamento acidental de animais ndo-alvo (seja diretamente, pela ingestdo do veneno, ou
indiretamente, pela ingestdo das carcacas de animais envenenados), além de ser importante
diminuir o sofrimento animal (venenos podem demorar até 24 horas para agir) e a contaminacao
ambiental com carcagas de ratos mortos.

Considerando que estudos prévios realizados no nosso Laboratério, nos quais o
Dimetanossulfonato de Etano (EDS) foi administrado na racdo a ratos Wistar machos,
contribuem com a hipétese de que este composto quimico tem aplicabilidade para este fim em
ratos machos, é importante avaliar os efeitos do mesmo sobre as fémeas da espécie. Ha ainda
interesse na avaliagdo dos efeitos do Diepdéxido de 4-vinilciclohexeno, composto
conhecidamente causador de morte celular em foliculos primordiais e primarios, adicionado a
racdo, para determinar qual dos compostos seria melhor utilizado para esse fim e se uma

possivel associagdo entre 0s compostos seria viavel.
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Oyetivos

O presente trabalho pretende investigar os possiveis efeitos causados pela administragdo

Objetivo Geral

por via oral (gavagem) do Dimetanossulfonato de Etano (EDS) e do Diepoxido de 4-
vinilciclohexeno (VCD) sobre a funcéo reprodutiva de ratas Wistar adultas e a possivel
aplicabilidade destes compostos na castracdo quimica da populacdo feminina de roedores,

visando seu controle populacional.

Objetivos Especificos

=>» Auvaliar se a exposicdo de ratas fémeas adultas ao EDS por via oral apresenta indicios

de causar danos toxicoldgicos, como alteracdes no peso corpdreo.

=>» Auvaliar se a exposicao de ratas fémeas adultas ao EDS pode causar prejuizos ao sistema
reprodutor feminino, tais quais efeitos sobre o peso de dérgdos reprodutores, sobre
histologia e fisiologia dos ovarios e Utero, sobre a ciclicidade reprodutiva e sobre o

comportamento sexual, bem como a reserva folicular ovariana.

=>» Auvaliar se a exposi¢cdo de ratas Wistar adultas ao EDS através da racdo € eficaz em
promover danos reprodutivos e se seu uso isolado ou associado ao VCD seriam

potenciais alternativas para o controle populacional de roedores.
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Copitudo 1

Este trabalho deu origem ao manuscrito “Reproductive effects of the exposure of adult female

Wistar rats to ethane dimethanesulfonate associated or not to 4-vinylcyclohexene diepoxide: A

new approach to rodents population control”, a ser submetido para publicagéo.
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Abstract

Each year, more than one million cases of leptospirosis are confirmed worldwide. The most
indicated prophylaxis for preventing this type of zoonosis, that is transmitted by rats, is
population control of these animals. Current methods used in this control, anticoagulant
rodenticides, are non-humanized methods, therefore alternative methods are needed. Ethane
Dimethanesulfonate (EDS) is a promising drug, causing androgen depletion through
cytotoxicity to Leydig cells. Since these cells have morphofunctional similarities with theca
cells of ovarian follicles, this work aimed to analyze the effects of EDS and 4-vinylcyclohexene
diepoxide (VCD), compound that depletes primordial and primary ovarian follicles, in addition
to testing their associated use, in order to assess its use as an alternative for rodent populational
control. Adult female Wistar rats were allocated into 7 experimental groups (doses omitted due
to patent processing): Control, the non-treated group, EDS G1, EDS G2, EDS R, VCD GAV,
VCD R and EDS + VCD, which received these drugs orally, gavage or mixed in the chow, for
30 days. The significance level used was p<0.05. EDS G2, EDS R and VCD GAYV presented
prolonged estrus and EDS G1 and VCD R, lower lordosis coefficients. AMH staining was
compromised in VCD GAV and EDS R, along with lower height of uterine gland epithelium
in the last group. In conclusion, EDS seems to have affected female reproductive physiology.
Therefore, it seems to be a promising drug to chemical castration and rodent populational

control. Further studies are encouraged to understand the effects of EDS in female reproduction.

Keywords: Ethane Dimethanesulfonate; 4-Vinylcyclohexene Diepoxide; Female

Reproduction; Wistar Rats; Rat population control
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1. Introduction

It is estimated that every year around a million new cases and 58900 deaths occur around
the world as a result of leptospirosis. Commonly known to affect regions like the south and
southeast Asia, Oceania, Latin America and Africa, this zoonosis is now considered a global
infectious disease and public health treat due to infestations caused by its main urban reservoir:
the rat (Bharti AR et al., 2003; Costa F et al., 2015; Le Turnier & Epelboin, 2019).

These rodents commonly inhabit places near human habitations with the purpose of
feeding on human food or leftovers and, therefore, are considered synanthropic animals. They
also can be linked to human transmission of other zoonosis such as salmonellosis,
toxoplasmosis, hantaviruses, bubonic plague and hemorrhagic fevers and can infect people
through direct or indirect contact (with its urine, for example) (Gravinatti ML et al., 2020;
Rahman T et al., 2020; Yan C et al., 2014). The incidence of this zoonotic diseases rises in
rainy seasons and is especially harmful to communities that don’t have basic sanitation and are
afflicted by great floods. In addition, propagation of these diseases can also occur through
exposure to pathogens in water recreational activities or sports, such as swimming, canyoning,
canoeing, etc. (Khalil H et al., 2021; Le Turnier P & Epelboin L, 2019; Naing C et al., 2019).

Populational control of this rodents, then, is an effective prophylactic measure against the
transmission of these zoonosis. This measure is well received in the economic area as well,
because rats cause annual prejudices to agriculture (damaging crops and affecting food storage
and transport) and livestock (affecting animal feed storage), as well as they damage
infrastructure (Fisher P et al., 2019; Normile D, 2010; Richardson JL et al., 2019). This control
is especially difficult, and often considered impossible, in the case of islands. In this locations,
invasive rats also are known to cause extinction of native plant species, in addition to affecting
birds, reptiles and invertebrates, causing changes in ecosystems (Duron Q et al., 2017).

Currently, populational control of rats, when performed, is done through the use of

rodenticides, mainly anticoagulants, approach that has multiple negative effects: It can generate
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imbalances in ecosystems, by unintended increase in the rodent population, through an effect
known as “Boomerang Effect” (Richardson JL et al., 2019); Can cause poisoning of non-target
animals, either directly by ingesting the poison, or indirectly, by ingesting the poisoned rodents
and can generate carcasses of dead rats, which harm sanitary conditions of the places, creating
favorable environments for transmission of other diseases. This type of approach to population
control is also a non-humanized method, causing slow and painful deaths, constituting means
that cause animal suffering (Mason G & Littin KE, 2003).

Surgical castration is an effective method for population control of domestic animals, in
addition to its use in livestock, for improving quality and tenderness of meat, but impractical
for synanthropic animals populational control. Chemical castration, on the other hand, presents
obstacles regarding the choice of drug to be utilized and the route of administration (Houlihan
KE, 2017; Li Y etal., 2020; Marti S et al., 2013; Nian Y et al., 2018; Paranzini CS et al., 2018).

Ethane Dimethanesulfonate (EDS) is a promising drug that could be applied for this
purpose. It is an alkylating sulfonic compound analogous to the chemotherapeutic agent
busulfan that acts, in males, by causing the apoptosis of Leydig cells, cells located in the
testicular interstitium which have the function of producing testosterone, an androgen steroid
hormone. The mechanisms throughout this drug acts are not fully understood. What is known
is that they may be linked to oxidative stress, activation of FAS receptors and caspases 3
signaling leading to apoptosis (Ashby J et al., 2001; Kim JM et al., 2000; Morris ID et al., 1986;
Taylor MF et al., 1999).

Due to the resulting androgenic depletion led by Leydig cells deaths, many are the effects
observed on male reproduction, such as reduction of reproductive organs weight, reduction of
progressive spermatozoids motility, damage to Sertoli cells by loss of androgenic receptors
(resulting in increase in apoptosis of germ cells) and reduction of specific proteins in the cauda
of the epididymis, region where the fertilizing ability is achieved (Atanassova N et al., 2006;

Dyson ALMB & Orgebin-Crist MC, 1973; Klinefelter GR et al., 1990, 1994; Morris ID &
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McCluckie JA, 1979; Smart JL et al., 1990). Studies conducted in our Laboratory (Borges CS
et al, 2019, in process of patenting) confirm the effects of EDS in male reproduction, along
with its potential as a chemical compound to be used for rodents populational control.

Although the effects of EDS in male reproduction are relatively well known, little is
known about the effects of EDS in female reproduction. Due to the morphofunctional
similarities between Leydig cells and theca cells of the ovarian follicles (Potter SJ et al., 2016),
our hypothesis is that this drug may act in these cells causing androgenic depletion.

The ovarian follicles theca cells constitute a layer of cells that surrounds the granulosa
cells. It is divided in theca externa, the outer layer, and theca interna, the inner layer. While the
theca externa is formed by fibrous connective tissue cells derived from fibroblast-like cells, the
theca interna is formed by endocrine cells. Because of the fact that the layer of theca cells is
vascularized, it has great importance in nutrient delivery to the granulosa cells. It has a role in
maintenance of the structural integrity and is very important for hormone production, after all
the theca interna produces androgens, such as testosterone, dihydrotestosterone and
androstenedione (Richards JS et al., 1986, 2018). Androstenedione produced as a result of
luteinizing hormone (LH) stimulation, on the other hand, can be converted in 17p-estradiol and
estrone in the granulosa cells by aromatase enzyme (Fortune JE & Amstrong DT, 1978; Young
JM & McNeilly AS, 2010), so a potential lack of androgens may compromise female
reproduction as well.

Another drug of great importance to the study of inhibition of the reproductive potential
of females is 4-vinylcyclohexene diepoxide (VCD). VCD is a chemic compound produced as
a metabolite of vinylcyclohexene (VCH). Both are produced in industrial reactions of
production of polymers, flame retardants, resins and plasticizers and constitute occupational
risk chemicals (Hernandez-Ochoa | et al., 2010). VCD is known to cause selective loss of
primordial and primary ovarian follicles, through direct inhibition of autophosphorylation of c-

kit survival receptor, located in the plasmatic membrane of oocytes (Brooks HL et al., 2016;
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Mark-Kappeler CJ et al., 2011). Knowing that ovulation success is dependent of the right
progression throughout the stages of folliculogenesis (primordial follicle, primary follicle,
secondary or pre-antral follicle, tertiary or antral follicle and graafian follicle) and that females
are born with a limited primordial follicles number, compounds like VCD may result in ovarian
failure and early onset of menopause (Herndndez-Ochoa I et al., 2010; Hoyer PB et al., 2001).
In fact, this drug is currently used as an inductor of menopause in rats to produce models for
menopause studies (Brooks HL et al., 2016).

Due to the fact that EDS is orally active (Jackson H & Craig AW, 1969), we propose the
addition of this compound, isolated or associated to VCD, in rodents chow to test this route and
these drugs effects over female reproduction and if they have potential as an alternative to

current populational control methods.

2. Material and Methods
2.1. Animals

Adult female Wistar rats (90 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 the Structural and Functional Biology Department, Institute of Biosciences of
Botucatu, UNESP, 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 number 5658071220 with the Ethics
Committee on Animal Experimentation of the UNESP Institute of Biosciences, in Botucatu.
Due to covid-19 pandemics, delays occurred and the experiment only started with the arrival

of the drugs. By then, the female Wistar rats were 114 days old and still viable adult rats.
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2.2. Experimental Design

The rats were divided in 7 experimental groups, each composed by 9 or 10 animals. The
first group was called Control (n=10 rats) and received rodents chow with powdered bacon and
vehicles (Control chow). The process of confection of the chows will be described in the next
item. EDS G1 (n=9 rats) and EDS G2 (n=9 rats) received common rodents chow and ethane
dimethanesufonate (EDS) diluted in dimethyl sulfoxide (DMSQO) orally (gavage). The first,
EDS G1, received a dose 1 (doses not informed due to current patent request) of the compound
and the second, EDS G2, received a dose 2, which is the double of the dose 1. These doses of
EDS were chosen taking in consideration previous unpublished work of our Laboratory in
which were observed reproductive effects of the drug in male rats. The next group, EDS R
(n=10 rats), received EDS mixed in rodents chow with powdered bacon and vehicles (EDS
chow). Group VCD (n=10 rats) received 4-vinycyclohexene diepoxide (VCD) diluted in corn
oil orally, via gavage, in the dose 3 concentration. Group VCD R (n=10 rats) received this drug
mixed with rodents chow, powdered bacon and vehicles (VCD chow). Finally, the last group,
EDS + VCD (n=10 rats), received both drugs mixed in the chow (EDS + VCD chow).

The female Wistar rats received treatment daily for 30 days, an adaptation of the
Organization for Economic Co-operation and Development (OECD) protocol. OECD
determines that for assessment of reproductive toxicity in female rats they should be treated for
a period of at least two weeks, which allows the coverage of 3 or 4 estrous cycles (OECD,
2018). However, with the intent to cover a larger number of estrous cycles, we treated the
female rats for 30 days. Daily, chow consumption and body weight were monitored (Figure 1).
When the treatment ended, we started to monitor the estrous cyclicity of the rats for a 15 days
period. Next, when the rats were in the estrous phase of the cycle, we evaluated the sexual
behavior, as described below. Then, the rats that already were evaluated for sexual behavior
were euthanized in the estrous phase. Finally, we conducted the immunohistochemistry assays,

morphological analyses and hormonal dosages.

2.3. Chows Preparation

In this study we confectioned 4 types of rodents chow. For all of then we used Presence
Ratos e Camundongos chow as a base (05.7883, Neovia Nutricdo e Saude Animal Ltda.,
Paulinia, Sdo Paulo, Brazil) and powdered bacon (Emporio Ideal, Botucatu, Séo Paulo, Brazil)

to flavor the chow, making it more palatable. The chows were produced in collaboration with
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the Experimental Research Facility (UNIPEX) of the Medical School (FMB) of the Séo Paulo
State University (UNESP).

The process of confection of the chows begins by grinding with an electric grinder the
chow we used as a base. Then, we added filtered water to the formed powder. Next, we mixed
powdered bacon (25mg/Kg of chow), a mean of flavoring the chow and making it more
palatable (as described in previous chow administered EDS studies of our Laboratory), and the
drugs and vehicles of each type of chow (that was given to a specific experimental group). For
the Control group, we created the Control Chow — that did not carry any type of drug, only the
base chow, powdered bacon and the vehicles DMSO and corn oil. For the EDS R group, we
created the EDS Chow — which was composed by base chow, powdered bacon, EDS diluted in
DMSO and corn oil. To the VCD R group, the VCD Chow — which was composed by base
chow, powdered bacon, VCD diluted in corn oil and the EDS vehicle DMSO. Finally, for the
EDS + VCD group, the EDS + VCD chow — which was composed by base chow, powdered
bacon, EDS diluted in DMSO and VCD diluted in corn oil.

Base chow, bacon powder, vehicles and drugs (if the case) were mixed in an automatic
mixer. Then, the chows were shaped into pellets with a pelletizer and were left to dry for 2 days
in a dryer. After this period, they were packed, labeled and were considered ready to use. Chow

was maintained in the fridge at 4°C until the day of use.

2.4. Estrous Cycle Evaluation

When the treatment ended, all female Wistar rats were evaluated daily in regards of the
cellular composition of the vaginal fluid collected, for a period of 15 consecutive days. The
fluid was collected with an automatic micropipette. Delicately, we introduced 10uL of saline
solution in the rat vagina, subsequently collecting the liquid, which was placed in a histological
slide and analyzed under light microscopy (Laws SC et al., 2000). Based on the predominance

of cellular types, we determined in which phase of the estrous cycle the rat was. The phases are:
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proestrus, estrous, metestrus and diestrus. The proestrus is characterized by predominancy of
nucleated epithelial cells. Estrous, by the predominancy of keratinized epithelial cells.
Metestrus is composed by a mix of the three types of cells (nucleated epithelial cells, keratinized
epithelial cells and leucocytes) in relatively equal proportions. Diestrus, by the predominancy
of leucocytes (Marcondes FK et al., 2002). This procedure was used to determine the number

of cycles, the length of the estrous cycle and of each of its phases along with its frequency.

2.5. Sexual Behavior Evaluation

After the evaluation of the estrous cycle, the females went through sexual behavior
evaluation. After the confirmation of the sexually receptive phases by analysis under light
microscopy of the vaginal smear and certifying the presence of cellular types consistent with
end of proestrus or estrus phase, the female Wistar rats were placed in male rat’s cages, one
female in each cage with one sexually experient male rat. The male rats were allowed to perform
10 mounts. We monitored in how many of them the female rats performed lordosis, a typical
female rat sexual behavior in which the female exposes the vagina in a dorsiflexion of the
vertebral column (Maeda KI et al., 2000). The number of lordosis was recorded and then we
generated a lordosis coefficient for each rat, determined by the formula: (number of lordosis/10
mounts x 100) (Beach, 1976). This evaluation took place in the dark phase of the photoperiod

and the lordosis were observed with the help of red lights.

2.6. Euthanasia and collection of biological material

It was standardized that the euthanasia of the female rats would occur in the estrous phase.
When the analysis of the sexual behavior ended, the rats that entered in the estrous phase, after
weighting, went through euthanasia by asphyxia in carbon dioxide, followed by decapitation.
The blood from the cervical vases was collected for future hormonal dosage. Then, the internal

organs which in here we called “vital” — liver, kidneys, adrenal glands, heart, lungs, brain,
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pituitary gland and thyroids — and reproductive organs (ovaries and uterus) were removed, had
the fat trimmed, were weighted, kept in Modified Davidson’s Fluid (MDF) fixator for 24 hours

and stored, after this period, in alcohol 70% until the confection of the histological slides.

2.7. Ovaries and Uteri Histomorphometry

After the harvest, the ovaries and uterus were immersed in Modified Davidson’s Fluid
(MDF), stored in alcohol 70%, histologically processed and included in Paraplast®. Three
sections with 5um of thickness were made of each organ, placed in histological slides and
stained with hematoxylin and eosin (H&E). During the histomorphometrical analyses of the
ovaries, the corpora lutea and the ovarian follicles were counted. The ovarian follicles were also
classified accordingly with the different stages of development, as described by Talsness CE et
al., 2005 and Guerra MT et al., 2014. The uterus was evaluated by measuring the height of
different regions: perimetrium, myometrium, endometrium, luminal epithelia and glandular
epithelia, as described by E Silva PV et al., 2016. Histological analyses were performed under

light microscopy, with softwares Leica LASCore, version 4.12.0 and Image J 1.48.

2.8. Immunohistochemistry: Proliferating Cellular Nuclear Antigen (PCNA) and Anti-
Mullerian Hormone (AMH)

Ovaries and uteri were submitted to processing and were included in Paraplast. Sections
of 5um of thickness were made and placed in histological slides to posterior immunostaining.
The immunohistochemistry assays were performed as described by (Barros JWF et al., 2018,
2020), with modifications. The slides were deparaffinized with xylol baths and hydrated with
alcohol in crescent concentrations. After that, the slides were immersed in phosphate buffer
(PBS, pH 7.4) and went through antigenic recovery, which was performed by immersing the
slides in citrate buffer (pH 6.0) and heating it in the microwave oven for 20 minutes (10 minutes

in full potency, 10 minutes in 70% potency). After some time cooling in room temperature and
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washing in PBS twice, endogenous peroxidase was blocked by incubating the slides in
hydrogen peroxide solution for 25 minutes. After 2 more baths with PBS, the next step was the
unspecific blockade, that went thru by immersing the slides in Bovine Serum Albumine (BSA)
3% solution made with PBS for 30 minutes. The slides were finally incubated overnight with
the primary anti-PCNA monoclonal antibody (PCNA PC10: sc-56, mouse monoclonal 19Gy,
Santa Cruz Biotechnology, CA, USA) in 1:100 concentration or anti-MIS primary monoclonal
antibody (MIS B-11: sc-166752, mouse monoclonal IgG:, Santa Cruz Biotechnology, CA,
USA\) in 1:100 concentration. The next step was to wash the slides multiple times with PBS and
incubate with secondary antibody (Goat Anti-Mouse peroxidase-labeled IgG, Catalog No. 474-
1806, KPL Antibody) in 1:200 concentration for 90 minutes at 37°C in an incubator. After
washing multiple times with PBS, the slides were submitted to DAB (diaminobenzidine,
associated with hydrogen peroxide) revelation, for 5 (PCNA) or 10 (AMH) minutes. The
reactions were stopped by distilled water, the markings were checked in the light microscope
and counterstained with hematoxylin. The sections were dehydrated with alcohol (increasing
concentrations) and were immerse in xylol. After covering the slides with coverslips and a
period for drying, the analyses took place. They were performed under light microscopy with

Leica LAS CORE software, version 4.12.0.

2.9. Immunohistochemistry Evaluation

PCNA and AMH were analyzed in both quantitative and qualitative ways. For
quantitative evaluation, the stained ovarian follicles were counted and classified as primordial,
primary, secondary, tertiary or atretic. According to the total of follicles marked, the percentual
relative to each class of follicles was generated. Simultaneously, stained follicles were counted
as marked and unstained follicles were counted as unmarked. Regarding marked and unmarked
follicles, the percentage of follicles stained within each class of follicles was also calculated

(for AMH evaluation). Qualitative evaluation was performed by assessing the immunostaining
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intensity as “absent” (degree 0), “weak” (degree 1), “moderate” (degree 2) or “strong” (degree

3).

2.10. Hormonal Dosages

Blood samples were collected by rupture of cervical vases, then centrifuged at 2500rpm
for 10 minutes at 4°C to obtain the serum. It was stored in Eppendorf tubes and frozen at -20°C
until the analyses. Serum levels of FSH and LH were measured by Enzyme-Linked
Immunosorbent Assay (ELISA) with FineTest®’s ELISA kits: Rat FSH (Follicle Stimulating
Hormone) and Rat LH (Luteinizing Hormone). All samples were analyzed in the same assay to

avoid inter-assay variability.

2.11. Statistical Analysis

The results were evaluated by one-way ANOVA followed by Dunnett’s test, for
parametric data and Kruskall-Wallis followed by Dunn’s test, for non-parametric data. Data
derived from qualitative analyses of proportions were analyzed by Fisher’s exact test.
Differences were considered significant when p<0,05. Statistical analyses were performed

using the software GraphPad Prism (version 8.0).

3. Results

Evaluation of the daily feed intake showed significant difference between groups treated
with EDS (EDS G1, EDS G2, EDS R and EDS + VVCD) and the control group (Figure 2). It was
observed a decrease in consumption of feed in day 7 between the EDS G1 group and control
group (statistical difference represented by the letter a), in days 1, 2, 7, 12, 15, 16, 17 between
EDS G2 and control (represented by letter b), in days 1, 2, 3, 4, 7, 12 and 27 between EDS R
and control (represented by letter ¢) and in days 12, 22, 24 and 27, between groups EDS+VCD

and control.
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There was no significant body weight difference among the treated groups and the control
groups (Figure 3), although there were differences in body weight gain. In the first two weeks,
all groups treated with EDS had significant decreases in weight gain compared with the control
group (Figure 4). In weeks 3 and 4, only groups EDS G2, EDS R and EDS + VCD, presented
significant decrease in body weight gain. Nonetheless, when evaluated the difference between
the final weight and the initial weight, resulting in the final body weight gain, only group EDS
G2 was statistically decreased.

The absolute organ weights were comparable among the groups (Table 1). However,
when the relative organ weights were calculated (Table 2), liver and pituitary gland were
different. Liver relative weight was increased in the EDS G1 group, when compared with
control group. The same happened with pituitary gland weight, which was increased in animals
form EDS + VCD group, when compared with control animals.

There were no observed significant differences between number of cycles, length of
cycles or frequency of each of the estrous cycle phases (Table 3). However, it was noted that
some rats had long estrus phases, which lasted more than 3 days. When the proportion of rats
that had at least one estrus phase that lasted more than 3 consecutive days were analyzed by
Fisher’s exact test and statistical differences were found. The EDS G2 group had 11% of the
rats (n=1) with more than 3 days of consecutive estrous; The EDS R group had 30% (n=3) of
rats with prolonged estrous and VCD GAV had 10% (n=1).

Sexual behavior assessment showed significant differences between lordosis coefficients
of groups EDS G1 and VCD R, when compared to the control group (Figure 5A). It was
observed that many rats from treated groups were not fully receptive to the male mount. The
proportions of rats with lordosis coefficients less than 80% (< 80%) were evaluated (Figure 5B)
and significant differences were verified. Rats from groups: EDS G1 (p<0,001), EDS G2, EDS
R, VCD R and EDS + VCD were significantly different from the control group, with bigger

proportions of rats that had lordosis coefficients less than 80%.
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There were no significant differences between the groups when the histomorphometry of
the ovaries (ovarian follicles count) was evaluated (Figure 6), although a presence of large
ovarian cysts was noted in rats from VCD GAV and VCD R group. The uterine
histomorphometry assessment showed smaller glandular epithelium for EDS R group, when
compared to the control group (Figure 7).

PCNA quantitative analysis (Figure 8) indicated that, although there were no statistical
differences between the percentage from the total of follicles stained belonging to each class
(Figure 9-A), the VCD GAV group had a smaller percentage of total marked follicles when
compared to the control group (Figure 9-B). When analyzing the PCNA staining in a qualitative
way (Figure 9-C) were not observed significant differences regarding degree of staining
although it is important to mention that one rat from VCD GAV group showed no staining of
any follicle.

AMH staining analysis (Figure 10) indicated no differences in the percentage from the
total of follicles stained belonging to each class either (Figure 11-A). However, both the groups
EDS R and VCD GAYV showed a smaller percentage of total stained follicles, when compared
to control group (Figure 11-B). In fact, one rat of EDS R group presented no AMH staining in
any ovarian follicle. The VCD GAV group and EDS G2 group also presented a smaller
percentage of marked tertiary follicles (Figure 11-C). VCD GAV group, still, presented less
intensity of AMH staining of secondary and tertiary follicles, when compared to control group
(Figure 12).

Finally, serum hormonal dosages of FSH and LH serum levels were not significantly
different, although four out of six rats from VCD GAV group showed higher FSH levels,
indicating a tendency of higher levels of VCD for this group (Figure 13). A summary of the

results can be found in Table 4.
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4. Discussion

Ethane Dimethanesulfonate is a drug of choice in male reproductive studies. This is
mainly due to the fact that it constitutes a way of compromising androgen production without
surgical intervention. In fact, that technique has even more applications due the reversibility of
this process, by interruption of administration of the drug and allowing regeneration of Leydig
cells or by administration of androgens (Chen H et al., 2015; Heng K et al., 2012; Jackson H et
al., 1973; Morris ID & McCluckie JA, 1979).

When it comes to female reproduction, little is known about this compound. As EDS
effects in males are so clear, available articles found in literature commonly have males as
object of study. Rat dams are also treated with EDS with intention to investigate the effects of
EDS in male puppies (Tarka-Leeds DK et al., 2003). It was found only one published study
that intended to investigate effects of EDS in both male and female puppies treated during the
suckling period and, in this case, delayed female puberty onset was observed (Smart JL et al.,
1990). Therefore, we intended to address EDS effects in adult female rats, along with its oral
administration, as well as its potential as a chemical castration compound to be applied in
rodents populational control.

In the present study, it was observed a reduction in chow consumption in rats from
experimental groups containing EDS. This reduction may have occurred as a result of loss of
appetite due to lower levels of leptin, which may have occurred. This loss is believed to happen
because there is a correlation between lower levels of testosterone and higher levels of leptin
(Barbieri RL, 2014; Behre HM et al., 1997). EDS may have caused an increase in leptin levels
by reducing circulating androgens levels, diminishing appetite. This difference occurred in
specific days and was more common in the first half of the treatment period than in the last half,
therefore there are signs that this is a transient effect as the rats normalized the consumption,

maybe due to adaptation to the compound.
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This reduction in feed intake did not reflect in significant total body weight changes,
although rats from groups treated with EDS did not gain weight. In fact, they lost a small amount
of weight. From the third to the fourth week, this loss starts to show evidence of being a transient
effect as rats treated with smaller doses of this compound reduced weight loss. Rats from EDS
G1 group didn’t lose weight and rats from EDS R group lost less weight. In the final assessment,
when evaluating the final weight in comparison with initial weight, only rats from EDS G2
group, which received a higher dose of this compound, lost weight.

Increased relative weights of liver from EDS G1 may indicate that this drug may have
had some hepatotoxicity effects maybe as a result of adaptative processes such as hypertrophy
and/or hyperplasia or increases in fat, water or glycogen accumulation, that generated an
increase in weight (Cattley RC & Cullen JM, 2013; Hall AP et al., 2012). Pituitary glands from
EDS+VCD group also appear to be affected by the treatment with these drugs, showing higher
relative weights, when compared to control group, maybe due to hypertrophy or hyperplasia of
the cells, in an attempt to increase gonadotrophin secretion to compensate a potential androgen
decrease and stimulate androgen production.

EDS also showed signs of impact in female physiology. EDS G2, EDS R (and VCD GAV
group) showed a higher proportion of persisting estrus, when compared with control group,
which indicates that female physiology was affected. Persisting estrus is a sign of irregularity
of the cycle associated with subfertility (Cruz G et al., 2017). In fact, two rats from EDS groups
(one from EDS R and one from EDS G2) presented more than 10 consecutive days of estrus,
indicating that these rats were extensively affected by the drug. EDS presented yet another sign
of reproductive physiological disruption: rats from groups EDS G1 and EDS+VCD presented
lower lordosis coefficient and all EDS treated groups had significant proportions (result also
seen in VCD R rats), when compared to control, of rats with lordosis coefficients below 80%.
This data indicates that the females in the end of proestrus or in estrus, the period of the cycle

that they are considered sexually receptive (Maeda Kl et al., 2000), were not receptive,
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corroborating with the hypothesis that reproductive physiology was compromised. Both
estrous cycle and sexual behavior are highly dependent of androgens/estrogens stimuli
(Hutchinson, 1995; Jennings KJ & de Lecea L, 2020; Maeda et al., 2000), therefore a potential
lack of androgens induced by EDS may have affected normal reproductive physiology.

Although VCD produces loss in primordial and primary follicles (Figure 14) numbers
when administered intraperitoneally or subcutaneously (Brooks HL et al., 2016; Carolino ROG
et al., 2019; Ozel F et al., 2020), in this study, VCD administrated orally and in a lower
concentration, didn’t result in significant losses of smaller follicles. This effect was also
observed in other orally administered studies. In one study, VCD was combined with triptolide,
a drug that causes growing follicles depletion, to create liquid bate. No statistical significances
were observed in primordial and primary follicles numbers between control and treated group
as well (Siers SR et al., 2017).

In other study, mouses treated orally with VCD showed some difference in this number.
Difference that was mostly seen in higher doses of the compound (dose-dependent) (Hinds LA
et al., 2014), event that also happened in another study with rats treated with much higher doses
(500mg/Kg) of the compound. However, in this study, these doses showed clear evidence, seen
in all rats, of causing carcinogenicity of the stomach mucosal layer (Schmuki et al., 2011). We
believe that VCD administered orally and in smaller doses has some of its effects reduced by
liver metabolization and first pass effect (Herman T & Santos C, 2021), resulting in smaller
concentrations of the drug in the target site of action (ovaries). The presence of ovarian cysts,
noted in this study in VCD treated rats, has already been reported by Naz RK, 2004. It seems
to be the result of the depletion of ovarian follicles and higher FSH levels generated by this
depletion.

In our quantitative analysis of PCNA, we expected to count primordial follicles using
PCNA immunostaining (Picut CA et al., 2008). However, it was noticed that primordial

follicles were not marked by immunostaining or had very weak immunostaining. This was also
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observed by Muskhelishvili L et al., 2005. According to them, primordial follicles present lower
levels of PCNA and, therefore, are hard to visualize. There is a technique called “Heat induced
epitope retrieval” (HIER) that allows much more strong staining of primordial follicles.
However, it uses a 6-fold higher concentration of primary antibody (Muskhelishvili L et al.,
2005) and, unfortunately, it was not possible to perform. So, we counted only follicles that were
stained by PCNA.

VCD GAV treatment resulted in a smaller percentage of follicles, in general,
immunostained with PCNA, which is a nuclear protein with important role in cell cycle
regulation that can modulate growth factors and other growth stimuli by binding to cyclin D,
another important cell cycle regulator (Oktay K et al., 1995). This result, therefore, may indicate
that granulosa cellular proliferation in these follicles was disrupted by VCD.

A smaller number of follicles, in general, was stained by Anti-Mullerian Hormone
(AMH) immunostaining in VCD GAV group, as well as a smaller percentage of tertiary
follicles. Weaker intensity of staining in secondary and tertiary follicles was also seen in AMH
qualitative assessment for this group, result that corroborates with results obtained by other
studies, in which VCD appear to have influenced negatively AMH expression (Carolino ROG
et al., 2019; Mark-Kappeler et al., 2010). VCD GAYV also showed a tendency of increase in
FSH, as seen in other studies with VCD treated rats (intraperitoneally) (Mayer LP et al., 2002).
This result might be related to AMH lower levels, which relate to higher FSH levels (Visser JA
et al., 2006) and follicular damage.

EDS G2 also presented decreased percentage of tertiary follicles marked with AMH and
EDS R showed significantly lower percentage of follicles, in general, marked by AMH,
indicating that treatment with this drug may also have reduced AMH expression in ovarian
follicles.

AMH, also known as Mullerian-Inhibiting Substance (MIS), is used as a marker of

ovarian reserve. It is expressed in granulosa cells of some primary follicles, but specially by
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secondary and small pre-antral (tertiary) follicles not destined to dominance, reflecting the
remaining ovarian follicle pool (Huang J et al., 2015; Stubbs SA et al., 2005; Visser JA et al.,
2006). AMH appears to influence ovarian follicle’s sensibility to FSH, inhibiting it. Follicles
with lower AMH expression show lower threshold to FSH and higher sensibility to this
gonadotrophin, allowing then to grow and go through ovulation in the next estrous cycle. This
process may have a role in initial recruitment and selection for dominance (Henes M et al.,
2018; Huang J et al., 2015; Stubbs SA et al., 2005; Visser JA et al., 2006). A reduction in AMH
may also be a sign that the ovarian follicle pool is going to be exhausted in a faster than usual
rate. Female rats with higher levels of serum AMH are associated with larger ovarian follicles
pools and ovarian reserve (Visser JA et al., 2006), therefore both drugs, EDS and VCD, by
having negatively influenced AMH expression (EDS in a lower level), seem to impact ovarian
reserve and show signs of faster exhaustion of follicular pool and, as AMH is also a marker for
ovarian aging (de Vet A et al., 2002), ovarian aging.

It is also known that, although in males AMH expression, that in immunohistochemistry
staining is isolated to Sertoli cells in the testicles, has a negative correlation to androgen levels
(lower testosterone, higher AMH expression) (Rey R et al., 1993), in females this effect seems
to be contrary. Women with Polycystic Ovary Syndrome (PCOS) present higher androgens
levels and higher AMH levels than controls (Laven JS et al., 2004; Mulders AG et al., 2004;
Wiweko B et al., 2014). It is known that AMH inhibits aromatase enzyme action (Sacchi S et
al., 2016) and, therefore, prejudices androgens conversion to estrogens, which leads to higher
levels of testosterone. So, in females, higher levels of testosterone may be associated with
higher levels of AMH (Visser JA et al., 2006). Lower levels of AMH, then, are associated with
lower androgens levels, which may indicate that EDS was capable of reducing androgens
concentrations in EDS R group, therefore, reducing AMH expression.

This result corroborates with the reduction in uterine glandular epithelium height seen in

EDS R group. Glandular epithelium is highly sensitive to estrogens. These hormones are highly
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mitogenic to uterine epithelium and rises in its concentrations are associated with proliferation
of uterine glandular epithelium (Cooke PS et al., 2013; Finn CA & Martin L, 1969). Therefore,
a potential decrease in androgens caused by EDS may affect estrogens production, as androgens
are precursors of estrogens (Fortune JE & Amstrong DT, 1978; Young JM & McNeilly AS,
2010) and impact glandular height by lowering it. Uterine glands are essential for pregnancy,
secreting bioactive substances important for uterine receptivity and blastocyst implantation
(Kelleher AM et al., 2016), hence uterine glandular morphology deficits may interfere in
glandular function, affecting uterine receptivity and implantation and compromising fertility
(Cooke PS et al., 2013).

Changes were not observed in LH measures between treated groups and control. This
may be due to the fact that in the time that blood serum was collected, during euthanasia, the
rats were already at least 15 days without receiving treatment with EDS, therefore serum
hormonal levels may have returned to physiological levels. Another hypothesis is that EDS may
compromise female reproductive physiology by impairing normal function of hormonal
receptors, such as androgen receptors (AR). Although the role of the AR in female reproduction
is still unclear, its abnormal expression, binding or function is linked to disruption in female
reproduction. AR is expressed in females in the hypothalamus, pituitary and ovaries (in the
oocyte, the granulosa and theca cells). Androgen Receptors Knockout (ARKO) female mice
have defective folliculogenesis, developing premature ovarian failure and subfertility (Hu YC
et al., 2004; Sen A & Hammes SR, 2010; Shiina H et al., 2006; Walters KA et al., 2007).

Although our work has shown some evidence of EDS induced effects in female
reproductive physiology, it was not possible to perform a fertility test at this time, which we
think would help us understand if implantation was indeed compromised by lower uterine
glands epithelium or if EDS could cause damage to fertility in general. Hormonal dosages of
androgens and estrogens, would also be elucidative, although at the time being we could not

perform these assays. The approach though the application of the compounds in the chow also
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has its limiting points: When applied in the ambient, there is no way to determine the amount
of chow, and of the compounds, the rats will consume. Effects observed in the wild rat could
also differ from the ones observed in laboratory rats, which are typically more sensitive than
wild ones. Still, many are its positive points.

In conclusion, EDS appear to affect rat female reproductive physiology, by inducing
prolonged estrus and irregularity in estrous cycle, along with reducing sexual receptivity. It may
also have impacted AMH reserves and uterine glandular epithelium and, subsequently, fertility,
due to possible androgens deficits or impairment in androgens receptors expression. VCD, in
this study, also caused prolonged estrous, negative effects in sexual behavior as well as deficits
in AMH expression in the follicles and impairment in PCNA expressions in granulosa its cells
proliferation. However, VCD ovarian availability may have been diminished by first pass
effect. The association of the drugs appears to also have affected the pituitary gland along with
the effects in sexual behavior. EDS seems to have potential as a candidate drug to chemical
castration and rodents populational control agent and its isolated use mixed in the chow seems
to be more effective in causing female reproductive tract disturbances than its alternative VCD
association. However, EDS effects appear to be much more subtle in females than in males.
New studies are encouraged to better understand EDS effects in females. We hope to contribute
to the creation of a humanized, accessible and highly applicable rodent populational control

method.
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Table 4. Summary of the results
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EDSG1 EDSG2

EDSR VCD GAV

VCDR EDS+VCD

Chow Consumption

Body Weights

Body Weights

Body Weight Gain (Weak 1)
Body Weight Gain (Final)

Organs Weights
Absolute Body Weights
Relative Organ Weights

Estrous Cycle

Lenght Number and Frequency of
fases

Persistent Estrus (Estrus =3 days)

Sexual Behavior
Lordosis Coefficient
Lordosis Coefficient <80%

Histopatological Evaluation
Owaries

Uteri

Immunchistochemical Evaluation
PCNA quantitative

PCNA qualitative

AMH quanfitative

AMH qualitative

l .
l l
l
T Liver
v
.
v v

vy Vv
vy
1 Glandular
Epithelivm
| number
follicles
stained
1 number 1 number
follicles follicles
stainad stainsd
| staining

l

1 Pituitary

Eesults obtained comparing the experimental groups with the control group. Meaning of the symbols: | =Decrease; T=
Increase; - = Absence of differences: +'= Presence of differences:
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Figure Subtitles

Figure 1. Experimental Design. Schematic figure of the project’s steps.

Figure 2. Evolution of daily intake of feed. Results expressed by mean + SEM. ANOVA
followed by Dunnett’s test. Letters represent statistical differences, p<0.05, between: a = control

X EDS 25; b = control x EDS 50; ¢ = control x EDS R; d = control x EDS + VCD.

Figure 3. A. Initial body weight. B. Daily body weight evolution (g). Results expressed by

mean + SEM. ANOVA followed by Dunnett’s test. p>0.05

Figure 4. Body weight gain per week. Results expressed by median + interquartilic range.
Kruskall-Wallis followed by Dunn’s test *p<0.05, **p <0.01, ***p<0.001 when compared with

the control group

Figure 5. Sexual behavior. (A) Evaluation represented by the lordosis coefficient (n=8-
10/group). Results expressed by median * interquartilic range. Kruskall-Wallis followed by
Dunn’s test *p<0,05 when compared with the control group. (B) Proportions of rats with
lordosis coefficient < 80%. Fisher’s exact test *p<0.05, ***p<0.001 when compared with the

control group.

Figure 6. Histological evaluation of the rats’ ovaries in the estrous phase. (A-1) Different types
of ovarian follicles — (A) Primordial follicle; (B) Primary follicle; (C) Primary Follicle
becoming Secondary; (D-E) Secondary (Pre-Antral) Follicles; (F-G) Tertiary (Antral) Follicles;
(H) Corpus Luteum; (1) Atretic Follicle; Black Arrows = Primordial Follicles; Yellow arrow =
Mitotic division of the granulosa cells; Pink arrow = Pyknotic granulosa cells detaching from

the granulosa layer of the atretic follicle. Arrow heads = Antral cavities and fluid retention. (J-
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P) Representative histological aspect of ovaries. * = ovarian cysts. (Q) Histomorphometric
analysis, represented by ovarian follicles count (n=8-10/group). Results expressed by median =

interquartilic range. Kruskall-Wallis followed by Dunn’s test. p>0.05

Figure 7. Histological evaluation of the rats’ uteri in the estrous phase. (A-G) Representative
histological aspect of uteri. (H-N) Representative histological aspect of the glandular
epithelium. Black arrows = differences in glandular uterine epithelium. (O) Uterine
histomorphometric analysis (n=8-10/group). Results expressed by median * interquartilic

range. Kruskall-Wallis followed by Dunn’s test. *p<0.05

Figure 8. PCNA Immunohistochemistry. (A-G) Representative of the histological aspect of
PCNA immunohistochemistry in the ovaries. (H-N) Representative aspect of the follicles

stained by PCNA.

Figure 9. PCNA Immunohistochemistry evaluation. (A-B) Quantitative analysis (n=5/group).
(A) Percentage of the total of follicles marked belonging to each class of follicle (B) Percentage
of follicles marked and unmarked by PCNA. (C) PCNA qualitative analysis by staining degree,
described by “absent” (0), “weak” (1), “moderate” (2) or “strong” (3) (n=5/group). Results

expressed by median * interquartilic range. Kruskall-Wallis followed by Dunn’s test. *p<0.05

Figure 10. AMH Immunohistochemistry. (A-G) Representative of the histological aspect of
AMH immunohistochemistry in the ovaries. (H-N) Representative aspect of the follicles stained

by AMH.

Figure 11. Quantitative analysis of AMH Immunohistochemistry (n=5/group). (A) Percentage

of the total of follicles marked belonging to each class of follicle. (B) Percentage of follicles
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marked and unmarked by AMH. (C) Percentage of follicles in each class marked by AMH.
Results expressed by median + interquartilic range. Kruskall-Wallis followed by Dunn’s test.

*p<0.05; **p<0.01

Figure 12. Qualitative analysis of AMH Immunohistochemistry (n=5/group). (A-H)
Classification of follicles by staining degree. (A-B) Follicles considered unstained (Absent
staining or Degree 0). (C-D) Follicles considered weakly stained (Weak staining or Degree 1).
(E-F) Follicles considered moderately stained (Moderate staining or Degree 2). (G-H) Follicles
considered strongly stained (Strong staining or Degree 3). (I) AMH qualitative analysis by
staining degree, described by “absent” (0), “weak” (1), “moderate” (2) or “strong” (3). Results
expressed by median + interquartilic range. Kruskall-Wallis followed by Dunn’s test. *p<0.05;

**1<0.01.

Figure 13. Serum levels of FSH (n=6/goup) and LH (n=8/group) of the female rats during
estrous phase. Results expressed by median + interquartilic range. Kruskall-Wallis followed by

Dunn’s test.
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Figures
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Figure 2.

Chow Consumption Evolution
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Figure 3.

Ava YNNI 0¢ 174
1 _ _

vl

asn + sdd
d JOA
AVD dOA
d sd4d

¢ 504
1O 504
10HLINOD

¢ 4

¢+ +

NOLLNTOA3 LHOIIM AQO8

oA +S03 ¥AOA AVOQOA ¥ sSd3

¢9803 19503 TOHLNOD

——

LHOI3M AQOE TVILINI

(1144

o o

w =TI

o~ o
(6) LHO13M AdOS

1
L=
oD
o™

-00€

i

T
L=
o
-—

o
L=
o
(6) LHOI13M AQo€

-00€



78

Figure 4.

ﬁ_u_:_._fmﬁ_m_ w_ﬁ__U__} >¢O_ﬁ_u__} mm_...._m_ NU_mﬂm_ _.w_m._u_m I_Om.__rz_uu

oe-
= 0Z-
g v
] A v =] - 0L-
& £ ﬁm
[ Y kvl o
BB [ogT o] e [oo] [
o S o i
_u_u (8's] & A oo L oz
R O_U ot
-0t

leuld - uies ybiap Apog

A2A+503 HA3A AVD OIA
1 1 1

(6) ures Wbap Apog

H503 22503 9503 T0HINOD
1 1 1 1

QDA +S03 HO2A AVDODA HS03 29503 19503 TOHLNOD ok
1 1 [ ] 1 1 1 1 Ot T
m = 0c-
a v = 0E- N o &
) = 7 -0z
= A A o - 02 il a
o Op M o il & ’ 01~
[=] 3 7 0L = %IO %ﬁ Y o
= o )
oe A v. ° o) - ]
= 0 & o _H_o o o A o E
. o._d a = -0k
o L) o
o - e wa B i
o e v Loz
£ ¥oom - ules wbam Apog
¥ ¥o9m - uieD yubiap Apog
O2A + 503 HOA2A AVDODA 503 €503 D503 TOHINOGD DU___.-..—. sa3 H .”._U> L-pJ..__Mu-ﬁ_H__-.r i m.Dm_ 9 .mﬁ_m L9 .mn:..._m_ .._Dmm_.zou
I 1 1 1 1 1 3 - 0z-
0¢ v
F.) m_ o & v
o -oz- 2 & a a
= v o < Ojo ala, dm o oL
Dlo 00 i = -0k m a (m] © ° .DIHI .F.
A = o
ogol og. 7 |&a v . = Py &L 7 g
= o 0 @ = oo 0
[ o4 olke % o o a =
o o e . S Dwo
o m o
e - e . Lo

» o we -
=0z

Z H9ap - uie wBiapn Apog

L aaps - uien yBiaps Apog

(B) uien wiap Apog

(6) uies wbap Apog



79

Figure 5.
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Figure 6.
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Figure 7
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Figure 8




Figure 9.
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Figure 10




Figure 11.
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Figure 12
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Figure 13
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Cionelusio

Em conclusdo, o dimetanossulfonato de etano, misturado a racdo, parece ter afetado a
fisiologia reprodutiva feminina de ratas, induzindo estros prolongados e irregularidade no ciclo,
além de diminuir a receptibilidade sexual. Também parece ter impactado as reservas foliculares
ovarianas de AMH (com base na analise imuno-histoquimica) e o epitélio glandular uterino,
podendo ter afetado a fertilidade das ratas. Todos esses efeitos parecem estar ligados a uma
potencial diminuicdo de androgenos causada por essa droga. O diepdxido de 4-vinilciclohexeno
neste estudo, aplicado por gavagem, causou estros prolongados, déficits na expressdo de AMH
dos foliculos e diminuicdo de proliferacdo de células da granulosa de foliculos, reduzindo a
expressdo de PCNA. A associacdo das drogas parece ter, ainda, afetado a hipdfise, além do
comportamento sexual. Contudo, os efeitos do EDS parecem ser bem mais sutis em fémeas do
gue em machos, em ratos. Novos estudos séo encorajados para 0 melhor entendimento dos
efeitos do EDS sobre fémeas. Esperamos contribuir com a criacdo de um método de controle

populacional de roedores humanizado, acessivel e de ampla aplicabilidade.
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unespﬁ' Comissdo de Etica no Uso de Animais

UNYERSDADE ERTROUAL PRI Instituto de Biociéncias de Botucatu

P D T Pl
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Cartificamas GQua & Rrophsta intitulada "EFEITOS REPRODUTINOS D& EXFOSICED DE RATAS WISTAR AD ETAND
DIMETAMCEULFORATD: ASSOCTADD OU MAD A0 DIEPOXID0 OF 4VINILCICLOHENEMD: LIME NOWE ASOANDACEM PARA O CONTROLE
POPULEOONEL OE ROEDDAES", profooodada sob o CEUA nf 565507130 po swawy, s0b a responsabilidade e Wilma de Grava
Kempinas & squipe; Eanaling da Siva Tonds, Gustave Aundho Chawdr - que efvokie 2 Srodugho, manctenido efou wilizacls de
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BOORDS Lo Of precetos da Lei 11,794 de & de eutubiro de 2008, com o Decreto .09 de 15 di jule de 20059, bem Comd om &5
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