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What is the big "why" of doing what we do?
Love. Time. Death. These three abstractions
connect all humans on Earth. All that we
desire, all we fear not to possess is because,
after all, we long for love, we long for more
time, and we fear death.

Movie Collateral Beauty



PUNHAGUI, Ana Paula Franco. Efeitos da obesidade, hipotireoidismo e
hipertireoidismo em testiculos e epididimos de camundongos C57BL/6
adultos. 2018. 93 f. Dissertacdo (Mestrado em Patologia Experimental) —
Universidade Estadual de Londrina, Londrina, 2018.

RESUMO

Obesidade e desordens hormonais na tireoide sdo muito comuns na populagao
e ambos sdo considerados um problema de saude publica, visto que esses
disturbios metabdlicos agravam o risco de infertilidade, por alteragédo no perfil
hormonal e anormalidades nos parametros funcionais do trato genital
masculino. Assim, o objetivo desse estudo foi avaliar o impacto das desordens
dos horménios tireoidianos (hipotireoidismo e hipertireoidismo) em
camundongos alimentados com dieta padrdo ou dieta hiperlipidica sobre a
morfologia e funcdo de testiculos e epididimos. Para isso, camundongos
C57BL/6 adultos machos foram distribuidos em 6 grupos experimentais
alimentados com dieta padréao (DP) ou hiperlipidica (DHL) durante 12 semanas.
Apos ambos grupos foram tratados com salina (DP e DHL), PTU (droga
antitireoidiana propiltiouracil — DP+PTU e DHL+PTU) ou T3 (hormdnio tri-
iodotironina — DP+T3 e DHL+T3) durante mais 30 dias. Ao final os animais
foram anestesiados e submetidos a eutanasia. O soro do sangue foi utilizado
para dosagem de hormodnio luteinizante (LH), foliculo estimulante (FSH),
testosterona e T4 livre. O testiculo e epididimo foram removidos para dosagem
do perfil inflamatério de citocinas (TNFa, IL13 e IL10) e a quantidade de
macréfagos (NAG) e de neutrdfilos (MPO), além da contagem espermatica,
andlise histopatolégica, morfométrica, estereoldégica e de dindmica
espermatogénica, somado as andlises de estresse oxidativo. Os
espermatozoides do ducto deferente foram retirados para analise de morfologia
espermatica. O peso da préstata e do figado aumentaram nos grupos obeso
(DHL+salina) e hipotireoideo obeso (DHL+PTU). O peso da vesicula cheia
diminuiu no grupo hipertireoideo obeso (DHL+T3) e da vesicula vazia
aumentou no grupo DHL+PTU. A eficacia na indugcdo do hipotireoidismo e
hipertireoidismo foi confirmada pela expressao pituitaria de mRNA TSHp, na
qual ficou aumentada na condicdo de hipotireoidismo e reduzida na condicao
de hipertireoidismo independente da dieta; enquanto que a eficacia na indugao
da obesidade foi confirmada com o aumento significativo do peso dos animais
alimentados com DHL+salina e DHL+PTU. A dosagem de LH ficou aumentada
no grupo hipertireoideo (DP+T3); enquanto, a dosagem de T4 livre diminuiu
nos grupos hipo (DP+PTU e DHL+PTU) e hipertireoideo (DP+T3 e DHL+T3),
independente da dieta. A contagem de espermatides e a produgao diaria de
espermatozoides (PDE) no testiculo aumentaram no grupo DHL+salina e
diminuiram no grupo DP+T3 comparado aos demais grupos. A altura do
epitélio germinativo aumentou nos grupos DHL+PTU e DHL+T3. A estereologia
epididimaria da cabeca teve aumento de epitélio no grupo DP+PTU e
diminuicdo na regi&o intersticial do grupo DHL+T3; na cauda teve aumento na
regido intersticial do grupo DP+T3. A dosagem das enzimas NAG (macréfago)
e MPO (neutrdfilo) ndo tiveram resultado significativo entre os grupos. A
dosagem de IL1B no testiculo aumentou no grupo DHL+T3 e diminuiu no grupo



DHL+salina comparado ao controle (DP+salina), enquanto que as demais
citocinas (TNFa e IL10) ndo tiveram resultados significativos. A peroxidagéo
lipidica aumentou no grupo DP+PTU comparado ao controle. Com isso,
podemos concluir que tanto a dieta hiperlipidica como a desregulagdo dos
hormonios tireoidianos impactaram o tecido testicular e epididimario, porém o
hipertireoidismo e a obesidade associados ou isolados prejudicaram com maior
intensidade os parametros espermaticos.

Palavra-chave: Obesidade. Hipotireoidismo. Hipertireoidismo. Testiculo.
Epididimo.
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ABSTRACT

Obesity and hormonal disorders in the thyroid are very common in the
population and both are considered a public health problem, since these
metabolic disorders aggravate the risk of infertility, altered hormonal profile and
abnormalities in the functional parameters of the male genital tract. The
objective of this study was to evaluate the impact of thyroid hormone disorders
(hypothyroidism and hyperthyroidism) on mice fed a standard diet or a high-fat
diet on the morphology and function of the testis and epididymis. For this, male
C57BL/6 mice were distributed in 6 experimental groups fed standard diet (SD)
or high-fat diet (HFD) for 12 weeks. After, both groups were treated with saline
(SD+saline and HFD+saline), PTU (antithyroid drug propylthiouracil - SD+PTU
and HFD+PTU) or T3 (hormone triiodothyronine - SD+T3 and HFD+T3) for
another 30 days. At the end, the animals were anesthetized and submitted to
euthanasia. Blood serum was used for dosage of luteinizing hormone (LH),
follicle stimulating hormone (FSH), testosterone and free T4. The testis and
epididymis were removed to quantify the inflammatory profile of cytokines
(TNFa, IL1B and IL10) and the number of macrophages (NAG) and neutrophils
(MPO), as well as sperm count, histopathological, morphometric, stereological
and spermatogenic dynamics, added to the analyzes of oxidative stress. The
spermatozoa of the vas deferens were removed for analysis of spermatic
morphology. The weight of the prostate increased in the obese (HFD+saline)
and obese hypothyroid (HFD+PTU) groups. The weight of the full vesicle
decreased in the obese hyperthyroid group (HFD+T3) and the empty vesicle
increased in the HFD+PTU group. The efficacy in the induction of
hypothyroidism and hyperthyroidism was confirmed by the pituitary expression
of TSHB mRNA, in which it was increased in the condition of hypothyroidism
and reduced in the condition of diet-independent hyperthyroidism; while the
efficacy in obesity induction was confirmed with a significant increase in the
weight of the animals fed HFD+saline and HFD+PTU. The LH dosage was
increased in the hyperthyroid group (SD+T3); while the free T4 levels
decreased in the hypo (SD+PTU and HFD+ PTU) and hyperthyroid (SD+T3 and
HFD+T3) groups, regardless of diet. The spermatid count and daily sperm
production (PDE) in the testis increased in the HFD+saline group and
decreased in the SD+T3 group compared to the other groups. The height of the
germinal epithelium increased in the HFD+PTU and HFD+T3 groups. The
epididymal stereology of the head had increased epithelium in the DP + PTU
group and decreased in the interstitial region of the DHL + T3 group; in the tail
had an increase in the interstitial region of the SD+T3 group. The dosages of
the NAG (macrophage) and MPO (neutrophil) enzymes did not show significant
results between the groups. The IL1B dosage in the testis increased in the
HFD+T3 group and decreased in the HFD+saline group compared to the control
(SD+saline), whereas the other cytokines (TNFa and IL10) did not have



significant results. Lipid peroxidation increased in the SD+PTU group compared
to the control group. With this, we can conclude that both the high-fat diet and
the dysregulation of thyroid hormones had an impact on the testicular and
epididymal tissue, but associated or isolated hyperthyroidism and obesity
affected the sperm parameters more intensely.

Keywords: Obesity. Hypothyroidism. Hyperthyroidism. Testis. Epididymis.
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1 INTRODUCAO

1.1 SISTEMA GENITAL MASCULINO
O sistema genital masculino € composto por testiculos, epididimos,
ductos deferentes, e glandulas sexuais acessoérias, como préstata, glandula
seminal (Figura 1), coaguladora, bulbouretral e prepucial. Todos esses 6rgaos
dependem da acao dos hormoénios testosterona e diidrotestosterona (DHT) para

desenvolvimento e manutencéo de sua morfologia e funcdo (COSTANZO, 2005).

Glandula seminal

Prostata ]

Cabega Epididimo

Testiculo Ducto deferente ]

Cauda Epididimo

Figura 1. Aspecto macroscépico do sistema genital masculino de roedores
(adaptado de PEROBELLI, 2012).

Os testiculos possuem duas principais funcfes: espermatogénese e
produgcédo de testosterona. Ocupam o escroto do animal, fora da cavidade
corporea, e sdo mantidos em torno de 34°C. Para manutencdo correta da
espermatogénese e esteroidogénese testicular, neste 6rgédo ocorre circulacao
contracorrente das artérias e veias testiculares, facilitando a troca de calor
(COSTANZO, 2005).

Em humanos, a tunica albuginea € uma capsula de tecido conjuntivo
denso que envolve os testiculos, sendo espessa na regido posterior do érgao,
formando o mediastino do qual partem septos fibrosos em sentido radial
dividindo o parénquima testicular em Iébulos piramidais e I6bulos ocupados
pelos tubulos seminiferos, cuja fungdo € a producdo de espermatozoides
(JUNQUEIRA; CARNEIRO, 2004). O parénquima testicular de ratos e
camundongos € formado por um conjunto de 20 tabulos seminiferos, em média,
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gue apresenta pouco tecido conjuntivo e isento de l6bulos. Ao final de cada
tubulo seminifero existe uma regido de transicdo em que se conectam formando
a rede testicular (Figura 2) (FOLEY, 2001).

Epididimo

Testiculo

! ducto
' deferente

cauda

Figura 2. Esquema representativo do testiculo e epididimo. O testiculo esta
representado com os tubulos seminiferos e a rede testicular. O epididimo
subdivide-se em 3 regides carateristicas (cabeca, corpo e cauda) e o ducto
deferente (adaptado de ROBAIRE; HERMO, 1988).

O epitélio germinativo dos tubulos seminiferos é formado por células
de Sertoli e células germinativas (espermatogbnias, espermatocitos e
esperméatides) apoiadas no tecido peritubular de revestimento (Figura 3)
(CLERMONT, 1972). As células somaticas de Sertoli interagem quimicamente
com células germinativas em desenvolvimento, garantindo a sustentacéo fisica
e nutricional dessas células (FOLEY, 2001), além de secretar proteinas inibina,
activina e de ligacao a androgenos (ABP), realizar fagocitose de restos celulares
e do excesso de citoplasma das espermatides durante a espermiogénese,
garantir uma barreira hemato-testicular (BHT), e secretar fluido testicular rico em
ions e fatores de crescimento. Além disso, forma dois compartimentos nos
tubulos seminiferos (basal e adluminal) através da BHT por jungdes oclusivas
criando um microambiente favoravel ao desenvolvimento das células

germinativas, protegendo os tipos celulares em estagios mais diferenciados
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(COSTANZO, 2005; GARCIA; FERNANDEZ, 2009; KIERSZENBAUM, 2008;
PINEAU; DUPAIX; JEGOU, 1999).

Pontes citoplasmaticas

Espermatides iniciais

Espermatdcitos secundarios

Células intersticiais

Figura 3. Esquema do epitélio germinativo do tubulo seminifero e da area
intersticial que circunda o tubulo. Os tubulos seminiferos estdo apoiados pela
lamina basal com células midides contrateis e achatadas. No intersticio estéo
situados vasos sanguineos e fibroblastos, além das células intersticiais de
Leydig. O epitélio possui espermatogbdnias, espermatdcitos (primario e
secundario), espermétides iniciais e tardias que estdo localizadas na por¢ao
apical as juncdes oclusivas das células de Sertoli, as quais se projetam da lamina
basal até o lumen do tubulo (JUNQUEIRA; CARNEIRO, 2004).

O processo de espermatogénese (Figura 4) pode ser dividido em trés
fases distintas: proliferativa mitética, meiética e espermiogénica (CLERMONT,
1972; RUSSELL et al., 1993). A fase mitética € caracterizada pela proliferacao
das espermatogonias-tronco do tipo A isolada com a finalidade de aumentar a
populacdo espermatogonial, acarretando na origem de diferentes classes
dessas células: tipo A proliferativa (pareada ou alinhada), tipo A diferenciada (A1,
A2, A3, A4), tipo intermediério e tipo B. Parte das espermatog6nias tipo B, que
estdo ligadas entre si por pontes citoplasmaticas, iniciam o processo de
diferenciacdo formando os espermatdcitos primarios (RAFF; LEVITZKY, 2012;
RUSSELL et al., 1993). Na fase meiotica os espermatocitos primarios (diploides)
realizam meiose | e originam os espermatoécitos secundarios (haploides), que por

sua vez sofrem meiose Il formando as esperméatides iniciais (haploides)
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(JUNQUEIRA; CARNEIRO, 2004). Durante a fase espermiogénica, as
espermatides iniciais passam por um processo de citodiferenciacdo no qual
ocorre condensacdo do material genético, formacdo do acrossoma,
reposicionamento das mitocondrias, perda de citoplasma e formacéo do flagelo,
resultando na formagédo dos espermatozoides (CLERMONT, 1972; RAFF;
LEVITZKY, 2012; RUSSELL et al., 1993). A duracao total da espermatogénese
em mamiferos é de aproximadamente 30 a 75 dias, sendo baseada em 4,5 ciclos
esperméticos (SHARPE, 1993)

(==

13 15 16 16 16
® ®®®®|o|d
1 2 3 4 5 6 74 8 9 10 11
MI/MII
OOOREPREe ® e e
In In In/B B B B/PI Pl P, L _ L/Z Z/IP
" DRREPOROEDD
A A A A A A A A A A A
| 1] I IV \ VI VI VIl IX X Xl Xl

Figura 4. Ciclo da espermatogénese em camundongos. Mostra os diferentes
tipos de células germinativas durante cada fase do ciclo. A fase I-VI consiste na
fase de maturacdo da espermétide tardia (nUmeros 13-15), a fase de VII-VIII
consiste na fase de espermiacédo, em que as espermatides tardias (nUmero 16)
se tornam espermatozoides no Iimen do tabulo seminifero e as espermatides
imaturas (nameros 7 e 8) estdo de diferenciando em novas espermaéatides tardias;
a fase IX-XI é caracterizada pela continuidade da diferenciacdo das
espermatides imaturas (nameros 9-11) e pela auséncia de espermatozoide no
limen; a fase Xl é caracterizada pela divisdo meidtica nas espermatogobnias e
nos espermatoécitos para completar o epitélio germinativo (TERADA et al., 2010).
Legenda: A = espermatogbnia do tipo A; In = estagio intermediario das
espermatogonias; B = espermatogonia do tipo B; Pl = profase [; L = leptéteno; Z
= zig6teno; P = paquiteno; Di = dipléteno; M-I = meiose I; M-1l = meiose Il; 1-16

= diferenciacdo das espermétides iniciais em tardias.
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O tecido intersticial testicular € o compartimento que engloba a funcéao
endocrina do orgao, sendo composto pelas células de Leydig que fazem a
biossintese de testosterona, macréfagos residentes associados, endotélio e o
espaco linfatico testicular (WALKER, 2011). As citocinas e os mediadores
inflamatoérios secretados pelos macrofagos residentes sdo extremamente
importantes para a homeostase fisiolégica do intersticio testicular,
principalmente para o desenvolvimento e diferenciacdo das células de Leydig
(HALES, 2002). Os produtos secretados pelos macréfagos testiculares
estimulam a producéo de testosterona pelas células de Leydig, com isso, esses
macrofagos tem acdo indireta sobre a espermatogénese (MOSSADEGH-
KELLER; SIEWEKE, 2018).

A regulacdo da cascata de diferenciacdo espermatogénica ocorre
através da sintese e secrecdo de hormonios produzidos pelo eixo hipotalamico-
hipofisario-testicular (Figura 5). A liberacdo pela adenohipofise dos hormonios
foliculo estimulante (FSH) e luteinizante (LH) é induzida pela liberacao de
hormonio liberador de gonadotrofina (GnRH) pelo hipotalamo. O FSH atua sobre
as células de Leydig estimulando a formacéo de receptores de LH, além disso,
atua sobre as espermatogoénias produzindo uma onda de diferencia¢éo ao longo
do tdbulo seminifero de estagios sucessivos da espermatogénese (GARCIA;
FERNANDEZ, 2009). O FSH exerce suas fungbes biologicas sobre a
espermatogénese através do acoplado a proteina-G da membrana plasmatica
das células de Sertoli. O LH, por sua vez, atua sobre as células de Leydig para
sintetizar testosterona que exerce seus efeitos bioldgicos através de receptores
androgénicos (AR) presentes também nas células de Sertoli (RUWANPURA;
MCLACHLAN; MEACHEM, 2010).A testosterona tem efeitos paracrinos,
sustentando a espermatogénese através das células de Sertoli e reforgcando a
acao espermatogénica do FSH, além disso, possui efeitos enddcrinos em outros

orgaos como proéstata e musculo esquelético (COSTANZO, 2005).
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Figura 5. Representacdo esquematica do eixo hipotadlamo-hipofise-testiculo e a
acao hormonal em feedback. O FSH atua sobre as células de Sertoli, presente
nos tabulos seminiferos, e o LH atua sobre as células de Leydig estimulando a
liberacdo de testosterona que atua também sobre as células de Sertoli (adaptado
de SHARMA; AGARWAL, 2013)

Apos a formacdo dos espermatozoides maduros, estes sofrem o
processo espermiacdo no limen testicular onde séo transportados através de
ductos eferentes ao epididimo, onde ocorre o processo de maturacdo
espermatica funcional (COSTANZO, 2005). O comprimento do ducto
epididiméario varia de acordo com a espécie, sendo aproximadamente de 6
metros no humano adulto, 3 metros no rato adulto e 1 metro no camundongo
adulto. Diversos estudos na literatura tem provado que ocorre uma grande
semelhanca entre as regides e tipos celulares entre mamiferos, incluindo o rato,
camundongo e humano (ROBAIRE; HINTON, 2015).

Nos roedores, o epididimo é dividido em segmento inicial, cabeca,
corpo e cauda (ROBAIRE; HINTON, 2015), como mostrado na figura 2. Essas
por¢cdes sdo histologicamente divididas de acordo com a altura do epitélio, e com
a distribuicdo e quantidade entre os tipos celulares (REID; CLELAND, 1957),
dentre eles existem as células basais, principais, estreitas, halo, claras e apicais
(Figura 6) (HERMO; ROBAIRE, 2002).
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Figura 6. Organizacdo esquematica da maioria dos tipos celulares do epididimo
observadas em microscopio de luz. Os trés compartimentos epididimarios
possuem distribuicéo relativa de cada tipo celular ilustrada. As fun¢des principais
de cada tipo celular esta especificado logo abaixo do nome da célula (adaptado
de ROBAIRE; HINTON, 2015).

Os espermatozoides, ao deixarem o limen testicular, possuem sua
morfologia completa, porém ainda ndo apresentam motilidade e sdo incapazes
de fecundar o ovdcito Il (DACHEUX; DACHEUX, 2014). A funcao principal de
todos os compartimentos do epididimo é o transporte dos espermatozoides,
porém, além disso, a regido da cabeca possui funcdo sobre a maturacdo
espermética, regulando o desenvolvimento da motilidade, a aquisicdo da
capacidade de sofrer reacéo acrossémica e de reconhecer sitios importantes de
modificacdes na membrana plasmatica dos espermatozoides. Somando a isso,
o epididimo protege os espermatozoides de espécies reativas de oxigénio
(EROs) atraves da barreira hemato-epididimaria (BHE) e faz a estocagem dos
gametas maduros na regido da cauda (COSENTINO; COCKETT, 1986;
HERMO; ROBAIRE, 2002; GREGORY; CYR, 2014; ROBAIRE; HINTON, 2015)

A maturacdo dos espermatozoides no epididimo ocorre através da
forte interacdo entre a lamina propria do ducto epididimario, as células epiteliais,
o fluido luminal e os espermatozoides (BEDFORD, 1975; ORGEBIN-CHRIST;
DANZO; DAVIES, 1975; KEMPINAS; KLINEFELTER, 2010). O processo de
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maturagdo consiste em determinar a qualidade espermatica (ROBERTS, 2010),
sendo dependente dos horménios androgenos (EZER; ROBAIRE, 2002),
ocorrendo através do remodelamento na membrana do gameta, em que a
degradacdo de componentes testiculares e integracdo com componentes
secretados pelo epitélio epididiméario e do préprio espermatozoide sdo cruciais
para garantir essa qualidade (GATTI et al., 2004); dessa forma o0 gameta pode
adquirir capacidade funcional (BARRIOS et al., 2005). O microambiente
intraluminal possui um rigoroso controle de atividade secretora e absortiva das
células epiteliais (ROBAIRE; HINTON, 2015).

Os gametas permanecem no interior do epididimo, principalmente
estocados na cauda, em estado quiescente até a ejaculacdo. Um dos motivos
se deve ao fato do pH ser &cido no ambiente luminal que impede a degradacao
das estruturas do espermatozoide (BRETON et al., 1999; PIETREMENT et al.,
2006; ROBAIRE; HINTON, 2015). O fluido luminal do epididimo contém uma
ampla composi¢éo proteica incluindo enzimas, fatores de crescimento, proteinas
de ligacédo de ferro, proteinas de protecéo ao espermatozoide e outras proteinas,
como as lipocalinas e lactoferrina. A composicao idnica do fluido epididimario
auxilia no desenvolvimento da motilidade e na manutencéo do estado quiescente
dos espermatozoides, sendo composta por concentracdes menores de saodio,
cloreto, célcio e magnésio na regido da cabeca, e maiores de fésforo e potassio
guando comparada a composicdo da cauda (ROBAIRE; HINTON, 2015).

Assim como no testiculo, no epididimo a BHE protege os gametas do
sistema imunoldgico, agentes xenobiéticos, EROs, e restringe a passagem de
ions, solutos e macromoléculas, dessa forma garante um microambiente
apropriado para a maturacdo dos gametas. Os mecanismos de defesa incluem
restricdo de compostos, sintese e secrecdo de proteinas especificas como as
defensinas e antioxidantes, além de células imunes residentes, como
macrofagos, mastécitos e lifocitos (ROBAIRE; HINTON, 2015).

O ducto deferente conecta a porcéo final da cauda epididimaria a
uretra prostatica, sendo um tubo muscular revestido internamente por epitélio
pseudoestratificado com células principais, basais, claras e estreitas. Essas
células secretam glicoproteinas e possuem funcbes de protecdo dos

espermatozoides, reabsorvendo fluidos e acidificando o ambiente luminal, sendo
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este o término do processo de maturacio espermatica (KOMAREK et al., 2000).
O ducto ejaculatorio € o segmento do ducto que entra na prostata, possuindo
mucosa semelhante ao ducto deferente (JUNQUEIRA; CARNEIRO, 2004).

As glandulas sexuais acessorias, como a glandula seminal, préstata,
glandula coaguladora, bulbouretral e prepucial (HASCHEK; ROUSSEAUX,
1998), tem por fungéo produzir secrecdes de nutricdo e suporte pds-ejaculagdo
aos espermatozoides. Sdo dependentes da acdo de andrdégenos, portanto
refletem qualquer mudanca do estado enddécrino ou da funcao testicular (MANN,
1972; CLEGG; PERREAULT; KLINEFELTER, 2001). A secrecédo da glandula
seminal compBe a maior parte do ejaculado, sendo rica em frutose e
prostaglandinas, e participa do processo de coagulacdo do ejaculado e
imunoprotecéo dos espermatozoides (ROBERTS, 2010). A préstata possui uma
secrecdo liquida alcalina de natureza proteica, sendo rica em zinco, acido nitrico
e colina, além de conter fosfatase acida, antigeno prostatico especifico (APE),
amilase e fibrinolisina (KIERSZENBAUM, 2008; ROBERTS, 2010). O fluido da
glandula bulbouretral neutraliza os vestigios de urina e lubrifica a uretra, sendo
também uma fonte energética para os gametas masculinos (CHUGHTAI et al.,
2005). Por fim, as glandulas prepuciais sdo glandulas sebaceas modificadas
ricas em Oleo que lubrificam a glande e apresentam acdo antibacteriana e
antiviral (HASCHEK; ROUSSEAUX, 1998).

1.2 OBESIDADE

A obesidade, de maneira simplificada, € uma condicdo de acumulo
anormal ou excessivo de gordura no organismo, onde 0 excesso de gordura, sua
distribuicdo e associagdo trazem consequéncias negativas para a saude (WHO,
2000a). Um levantamento feito pela Organizagcdo Mundial de Saude (OMS)
mostra que a prevaléncia da obesidade no mundo dobrou, sendo 11% em
homens e 15% em mulheres. O fato da pessoa ter obesidade aumenta a
probabilidade de possuir outras doencas associadas como diabetes,
hipertensdo, infarto, cancer, apneia e osteoartrite, bem como afeta

negativamente a performance reprodutiva do individuo (WHO, 2014).
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No Brasil, segundo a Pesquisa Nacional de Saude realizada pelo
IBGE em 2013, cerca de 37,3% dos brasileiros acima de 18 anos consomem
hortalicas diariamente, sendo maior entre as mulheres, porém cerca de 23,4%
dos brasileiros acima de 18 anos consomem refrigerantes e sucos artificiais em
pelo menos 5 dias da semana, sendo mais frequente entre os homens (SAUDE;
CRUZ, 2014). No levantamento de 2012 do ministério da saude feito pela Vigitel
(Vigilancia de Fatores de Risco e Protecédo para Doencas Cronicas por Inquérito
Telefénico) mostrou que 51% da populacdo brasileira acima de 18 anos esta
acima do peso, sendo predominante em homens (BRASIL, 2014).

Na historia da humanidade, o fato de ganhar peso e estocar gordura
eram vistos como sinal de saude e prosperidade, pois antigamente era
necessario cacar e buscar alimentos para sobreviver. No entanto, atualmente, a
oferta de alimentos ricos em gorduras e 0 aumento do ganho de peso estdo
representando um problema crescente de saude publica (WHO, 2000a). O
excesso de alimentos ricos em calorias combinado com atividades corporeas
pouco dispendiosas como assistir televisdao, jogos de computador e internet,

contribuem para a obesidade infanto-juvenil (WHO, 2014).

A etiologia da obesidade tem como principal causa o desbalanco entre
a energia ingerida na alimentacéo frente a quantidade de energia gasta (NAMMI
et al.,, 2004). O excesso de energia permanece estocado nos adipdcitos, que
aumentam de tamanho, causando a lesdo patologica da obesidade que séo a
hiperplasia e a hipertrofia celular (BRAY, 2014). O controle entre a ingestao e o
gasto de energia mantém o peso corpéreo dentro dos valores proporcionais
normais, porém, um leve aumento na ingestao diaria de comida ou uma reducao
no gasto de energia a longo prazo leva a um aumento do peso corporal (VIANNA;
COPPARI, 2011).

O tipo de distribuicdo da gordura afeta os riscos associados a
obesidade e o tipo de doenca a qual o individuo estara sujeito. O acumulo de
gordura abdominal, dita obesidade androide, é um fator de risco maior para o
desenvolvimento de doencas do que o0 excesso de gordura, dita obesidade
ginoide, em que a gordura esta distribuida de maneira mais uniforme (WHO,
2000a). Dito isso, podemos observar que a obesidade ndo provém de uma Unica

causa ou de um unico desarranjo, mas de um grupo heterogéneo de condi¢cbes
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com multiplas causas que culminam no fendétipo de obesidade. A obesidade
envolve complexas e diversas relacdes etioldgicas entre os quadros genéticos,
metabdlicos e neurais, bem como o comportamento, habitos alimentares,

atividade fisica e fatores socioculturais (NAMMI et al., 2004).

A sindrome metabdlica € um conjunto complexo de fatores de risco
cardiovascular relacionados ao acumulo de gordura abdominal e resisténcia a
insulina (SABOYA et al., 2016), conferindo aumento no risco de desenvolvimento
de diabetes mellitus tipo 2 e de doenga cardiovascular (KAUR, 2014). O
diagnéstico de sindrome metabdlica € um desafio clinico e de saude publica
crescente no mundo todo (KAUR, 2014), pesquisadores realizam medidas de
obesidade, hipertensao, hiperglicemia, dislipidemia e resisténcia a insulina para
ter um panorama completo da saude do individuo (FORD, 2004). Pessoas que
apresentam tal sindrome possuem risco aumentado de mortalidade por doenca
cardiovascular, doenca cardiaca coronaria, acidente vascular cerebral e
disfungéo vascular (SRIKANTHAN et al., 2016).

O tecido adiposo é preenchido de lipidios nos adipdcitos, sendo
composto também por: células endoteliais que garantem a vascularizacéo,
pericitos que sdo potenciais adipdcitos, fibroblastos que fazem o suporte
estrutural, mastocitos que influenciam na angiogénese e no remodelamento
tecidual, e células imunes como células T e macrofagos residentes, entre outros
componentes (LEE; WU; FRIED, 2010; LEMOINE; LEDOUX; LARGER, 2013).
Cada uma dessas células contribuem para criar um microambiente especifico
para a sintese e remodelamento da matriz extracelular, dessa forma garante uma
anatomia Unica para depdsito de gordura (LEE; WU; FRIED, 2010; DODSON et
al., 2011).

A principal funcédo do tecido adiposo é de armazenar triacilglicerol,
porém existem outras fun¢cdes como a secre¢cdo de hormdnios, de fatores
angiogénicos, fatores de crescimento, citocinas, entre outras moléculas
(DODSON et al., 2011; LEMOINE; LEDOUX; LARGER, 2013). O remodelamento
tecidual entre o tecido adiposo e o tecido ndo alterado desregula a secrecao
hormonal e de moléculas sinalizadoras como a insulina, podendo causar danos
a viabilidade celular. Assim, a lipGlise que ocorre na obesidade e o consequente

fluxo de acidos graxos livres do tecido adiposo expde outros tecidos a uma
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sobrecarga de &cidos graxos no meio extracelular. A patologia celular e a
resisténcia a insulina presentes nos outros tecidos na condicéo de obesidade se
deve ao fato desses outros tecidos poderem também acumular triglicerideos no
seu interior (ATTIE; SCHERER, 2009).

1.3 OBESIDADE E SISTEMA GENITAL MASCULINO

A obesidade é uma epidemia crescente em muitos paises e a
capacidade reprodutiva fica potencialmente reduzida (RAMLAU-HANSEN et al.,
2007). A obesidade androide é o fenétipo que esta associado a varios disturbios
reprodutivos, incluindo a infertilidade (PASQUALI et al., 2003). A literatura coloca
que existe uma ligacdo entre o estado energético e a funcdo reprodutiva
(SPICER, 2001), sendo controlado por uma gama de sinais que atuam em
diferentes niveis do eixo neuroendécrino (NOGUEIRAS et al.,, 2004). A
obesidade é associada a diversas alteracbes no sistema enddcrino, como
concentracfes anormais de hormoénios no sangue devido a alteracdes no padréao
de secrecdo ou metabolismo, e o transporte hormonal com sua a¢éo no tecido-
alvo (PASQUALLI, 2006).

No aspecto reprodutivo, homens obesos possuem maior risco de
disfuncéo erétil; além de um perfil hormonal alterado com diminui¢édo da globulina
transportadora de hormoénio sexual (SHBG) e de testosterona, aumento dos
niveis de estradiol e, em homens com obesidade mérbida, ocorre alteracdes na
secrecdo de gonadotrofina. Recentemente, alguns estudos descrevem que o
excesso de peso e a obesidade estdo relacionados com os baixos niveis de
inibina B, marcador da funcdo das células de Sertoli e espermatogénese
(CHAVARRO et al., 2010). Além disso, outros estudos mostram um aumento na
anormalidade de parametros seminais em homens com sobrepeso e obesidade,
bem como um aumento do risco de infertilidade entre casais em que 0 homem

esta acima do peso ou obeso (HOFNY et al., 2010).

Em roedores, a exposi¢cdo a dietas ricas em gorduras por periodos
prolongados causa um balanco energético positivo, sendo considerado um
modelo experimental de obesidade humana. Esta dieta com alto teor de gordura

e carboidratos € similar a de fast food, com alimentos como mortadela, chips,
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refrigerante e outros mais, levando a um ganho de peso e deposi¢éo de gordura
corporal, sendo este um modelo de obesidade animal ndo genético (TAKASHIBA
et al., 2011).

Nos estudos de Vigueras-Villasefior et al. (2011) com ratos machos
Sprague-Dawley de 21 dias pods-natal (DPN) induzidos a obesidade por dieta
hipercalérica, mostraram uma reducdo na razdo testosterona-estradiol,
indicando aumento significativo nos niveis de estradiol e reducédo significativa
nos niveis de testosterona. Esses resultados corroboram outros estudos na
literatura, tanto em humanos (CHAVARRO et al., 2010) como em ratos
(FERNANDEZ et al., 2011).

A conversao da testosterona em estradiol através da aromatizacéo €
a principal etapa na sintese de estrégenos, sendo esta reacdo catalisada pela
enzima aromatase, com expressao aumentada em tecido adiposo periférico.
Acredita-se que o aumento de estrégenos em homens obesos é devido a uma
maior conversdo de testosterona devido ao aumento da enzima catalisadora
disponivel no tecido adiposo. Esta conversdo periférica pode gerar valores
reduzidos de testosterona e aumentados de estradiol. Porém, este aumento de
estradiol pode inibir a secrecdo de GnRH, LH e FSH (ERDEMIR et al., 2012), e
prejudicar a espermatogénese. Animais com obesidade induzida por dieta
mostraram uma reducdo na motilidade espermatica e na taxa de fertilizacao
(GHANAYEM et al., 2010; BAKOS et al., 2011), bem como um aumento no dano
de DNA dos espermatozoides (BAKOS et al., 2011).

O estresse oxidativo esta intimamente ligado a um aumento na taxa
de danos celulares induzidos pelo oxigénio e seus derivados oxidados (EROs).
Os alvos dessas espécies reativas sao lipidios de membrana que levam ao
processo de peroxidacao lipidica. Isto posto, o tecido testicular bem como os
espermatozoides ficam mais vulneraveis ao estresse oxidativo devido a riqueza

de 4cidos graxos poliinsaturados nas membranas (ERDEMIR et al., 2012).

Bakos et al. (2011) confirmam, em camundongos machos de 6
semanas de idade induzidos a obesidade por dieta hiperlipidica, os resultados
mostraram uma diminuicdo na motilidade espermatica, na capacidade de

fecundacéo e no numero de espermatozoide por ovocito; aléem disso, houve um
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aumento de EROs intracelular e danos de DNA espermatico. Estes resultados
fornecem evidéncias de que a obesidade pode induzir o estresse oxidativo no

sistema genital masculino.

1.4 DESREGULAGAO DA TIREOIDE: HIPOTIREOIDISMO E HIPERTIREOIDISMO

Os hormonios tireoidianos (HTs) estdo envolvidos em varios
processos biolégicos relacionados ao crescimento, desenvolvimento e
metabolismo (RIBEIRO et al., 1995; IWASAKI et al., 2004). Os efeitos fisiologicos
dos HTs envolvem a modulacdo do consumo de oxigénio, o metabolismo de
lipidios, carboidratos e proteinas, também causam alteracfes entre a razdo de
sintese e degradacéo de grande parte dos fatores de crescimento e horménios
(NORMAN; LITWACK, 1997; BOELAERT; FRANKLYN, 2005). Pacientes com
hipertireoidismo apresentam perda de peso, baixos niveis de colesterol,
temperatura corporal elevada e taquicardia, enquanto que pacientes com
hipotireoidismo apresentam perda de cabelo, hipertenséo, hipercolesterolemia,
mixedema e bradicardia (RIBEIRO et al., 1995).

Segundo a Sociedade Brasileira de Endocrinologia e Metabologia
(SBEM) em uma publicacéo de 2010, cerca de 10% das mulheres acima de 40
anos e em torno de 20% das mulheres acima de 60 anos manifestam algum tipo
de problema na tireoide. Algumas estatisticas demonstram que 1 em cada 5
mulheres que fazem reposi¢cao estrogénica apresentam, na verdade, problemas
tireoidianos (SBEM, 2010). De acordo com o Ministério da Saude, o
hipotireoidismo € o agravo mais comum da tireoide, atingindo cerca de 2% da
populacao no geral, com prevaléncia de 15% em pessoas com mais de 60 anos,
sendo 8 vezes mais frequente em mulheres que em homens (BRENTA et al.,
2013). Dados prospectivos sobre a epidemiologia das doencgas tireoidianas, a
incidéncia média em mulheres foi de 0,8 casos por mil/ano, sendo insignificante
em homens; estudos de prevaléncia, com taxas semelhantes no Brasil, indicam
que a presenca de hipertireoidismo esta em torno de 2 a 3% entre mulheres e
0,2% em homens (SILVA et al., 2011b).

As doencas que afetam a glandula da tireoide sdo desordens

endocrinas mais prevalentes no mundo. O hipertireoidismo, sendo uma
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hiperfuncdo da tireoide, acomete por volta de 2% da populacdo mundial,
enquanto que o hipotireoidismo, considerado uma menor funcdo da tireoide,
acomete cerca de 1%. O hipertireoidismo e o hipotireoidismo podem ocorrer
devido a doencas da tireoide, ou por mal funcionamento da glandula pituitaria ou
do hipotalamo. Em regies com deficiéncia dietética de iodo, a prevaléncia de
desregulacéo de tireoide pode subir até 15% (WHO, 2000b).

A glandula tireoide sintetiza e libera triiodotironina (T3) e tiroxina (T4).
O T4 é o principal produto da secrecao da tireoide, enquanto que nos tecidos
periféricos ocorre producado de T3 por desiodacéo local, sendo este 0 hormdnio
biologicamente ativo (BOELAERT; FRANKLYN, 2005; SMITH; WALKER, 2015).

A secrecdo e sintese dos HTs sado reguladas pelo hormdnio
estimulante da tireoide (TSH), que ao se ligar aos receptores de horménios
tireoidianos (TRs) presentes na membrana da tireoide, estimulam a liberacao
hormonal a partir da tireoglobulina. Além disso, o TSH regula a producédo de T3
nos tecidos periféricos (NORMAN; LITWACK, 1997). A sintese e liberacdo de
TSH pela glandula pituitaria ocorre em resposta ao horménio liberador de
tireotrofina (TRH) secretado pelo hipotdlamo (YEN, 2001; BOELAERT;,
FRANKLYN, 2005). Os niveis circulantes de TRH e TSH sé&o regulados por
feedback negativo, em que as concentracdes plasmaticas de T3 e T4 agem tanto
no hipotdlamo como na pituitaria, inibindo a liberacdo hormonal no eixo
hipotalamo-hipdfise-tireoide (Figura 7). Com esse mecanismo, 0S hiveis
circulantes dos HTs ficam dentro de uma faixa normal de concentracao
(NORMAN; LITWACK, 1997; WHO, 2000b; BOELAERT; FRANKLYN, 2005).
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Figura 7. Mecanismo esquematico de regulacdo dos hormonios tireoidianos no
eixo hipotalamo-hipofise-tireoide. A glandula pituitaria produz TSH que estimula
a glandula tireoide a produzir T4. No tecido o T4 sofre desiodagéo e se
transforma em T3. O feedback ocorre pela acdo do T3 e T4 na glandula pituitéria.
A hiperfuncdo da tireoide suprime a producdo de TSH, enquanto que a

hipofuncao estimula a producdo de mais TSH (adaptado de WHO, 2000b).

As acdes dos HTs sao iniciados pela interacdo com seus TRs, estes
pertencentes a uma superfamilia de receptores de horménios esteroides
(BOELAERT; FRANKLYN, 2005). Existem dois genes que sao transcritos para
a formacéo de duas isoformas TRa e TR com diferentes padrbes de expressao
no desenvolvimento e nos tecidos adultos, codificados como THRA e THRB
respectivamente. O TRa tem dois produtos de ligagdo com o T3, sendo o TRal
predominantemente expresso no cérebro, coracdo e musculo esquelético,
enquanto que o TRa2 e TRa3 ndo possuem unido com o T3. O TR possui trés
produtos principais de ligacédo ao T3, sendo que o TRB1 é expresso amplamente
pelos tecidos, TRB2 principalmente no cérebro, retina e ouvido interno, e 0 TRB3
no rim, figado e pulmdo(BRENT, 2012; ORTIGA-CARVALHO; SIDHAYE;
WONDISFORD, 2014).

As ac¢bes dos horménios tireoidianos estdo diretamente relacionadas
com a disponibilidade dos TRs, dos transportadores relacionados, dos
correceptores e coativadores nucleares, bem como pela sequéncia e localizacéo

dos elementos de resposta. Todas as isoformas diferem em comprimento amino
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e carboxilo terminais, sendo semelhantes nos dominios de DNA e ligante. Essas
diferencas especificas garantem a interacéo especifica aos TRa e TR que irdo

gerar suas acoes especificas (BRENT, 2012).

As doencas relacionadas a tireoide sdo bastante graves, mas
geralmente sdo curdveis e trataveis. As condi¢des clinicas sdo manifestadas de
forma sutil e pode ser confundida com outras doencas, entre elas a insuficiéncia
renal, doenca hepatica, infeccbes e doencas metabdlicas, visto que essas
doencas podem causar respostas adaptativas da tireoide (WHO, 2000b). Em
niveis normais nos seres humanos, a concentracdo total de T3 esté entre 80 e
190 ng/dL de soro, enquanto que a concentracédo total de T4 esta entre 5e 12
pg/dL de soro (SHIVARAJ et al., 2009).

O diagnostico da funcéo tireoidiana fornece informacdes fisioldgicas,
patolégicas e anatdmicas somado com o histérico familiar e exame fisico. Os
principais exames soroldgicos séo tiroxina sérica total (T4), triiodotironina total
(T3), tiroxina livre (T4 livre), trilodotironina livre (T3 livre), triiodotironina reversa
(rT3), hormodnio estimulante da tiroide (TSH), calcitonina de soro e tiroglobulina
proteica (Tg); podem ser utilizados testes com anticorpos como antitireoglobulina
(ATA) e antimicrosomaticos (AMA). O exame histoldgico invasivo é feito por
citologia aspirativa por agulha fina (FNAC) e ndo invasivo é feito por
ultrassonografia, ressonancia magnética e tomografia. Um estudo molecular
adicional fornece marcadores moleculares para deteccédo de cancer de tireoide.
A realizacdo desses testes fornecem sensibilidade e especificidade que

aumentam a probabilidade de deteccéo precoce (SHIVARAJ et al., 2009).

1.5 DESREGULACAO DA TIREOIDE E SISTEMA GENITAL MASCULINO
Os HTs agem sobre a morfologia e funcao testicular, sendo discutidos
desde quando observaram que os testiculos de animais adultos se mostraram
sensiveis a estes horménios (OPPENHEIMER; SCHWARTZ; SURKS, 1974).
Além dessas alteragbes também foram observadas diminui¢cdo da fertilidade e
na atividade sexual de homens (KRASSAS; PERROS, 2003).

Nos oOrgaos genitais masculinos existem duas isoformas de

receptores de T3: TRal e TRB1, na qual ambos estdo expressos nas células de
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Sertoli. O receptor TRB1 € mais encontrado nas células de Leydig, células
peritubulares e células germinativas durante o desenvolvimento pés-natal e
adulto (KUMAR; SHEKHAR; DHOLE, 2014; SMITH; WALKER, 2015). Estudo
com camundongos transgénicos revela que o horménio T3 age
predominantemente através do receptor TRal para regular a proliferacédo e a
maturacdo das ceélulas de Sertoli (HOLSBERGER; KIESEWETTER; COOKE,
2005). A presenca de TRs nas células germinativas tem fungéo de sustentar
essas diferentes populacdes de células no epitélio germinativo As células
epiteliais dos diferentes segmentos do epididimo de rato expressam TRs no
citoplasma, tanto a isoforma TRal quanto a isoforma TRB1 (KUMAR;
SHEKHAR; DHOLE, 2014).

Diversas fungdes da célula de Sertoli sdo influenciadas pelos HTs,
como o transporte de glicose, a producéo de gama-glutamil transpeptidase, ABP
e fator de crescimento semelhante a insulina-I, além do estimulo na captacéo de
aminoacidos, hiperpolarizacdo celular (MENEGAZ et al., 2006; SILVA et al.,
2001; VOLPATO et al., 2004), inibicado da atividade da aromatase e efeitos no
metabolismo da testosterona (SILVA; LEITE; WASSERMANN, 2002). Os HTs
também regulam algumas funcdes no desenvolvimento e esteroidogénese nas
células de Leydig, como na sintese de horménios esteroides pelo colesterol
(KUMAR; SHEKHAR; DHOLE, 2014).

O funcionamento incorreto da tireoide afeta hormoénios envolvidos na
reproducdo, como o LH através de modificacbes no padrdo de
neurotransmissores hipotalamicos (MAIA et al., 1995), e ainda permanece
controverso os efeitos sobre os hormonios de crescimento, FSH e testosterona
(SMITH; WALKER, 2015). Diversos estudos comprovam que o hipotireoidismo
neonatal transitorio induzido pelo composto propiltiouracil (PTU) altera
mecanismos fisiolégicos diversos de ratos (CHIAO et al., 2000), camundongos
(JOYCE; PORCELLI; COOKE, 1993) e aves domésticas (KIRBY et al., 1996).
Enquanto que o hipertireoidismo neonatal transitério em ratos resulta no
enceramento precoce da proliferacdo das células de Sertoli, levando a uma
menor populacdo dessas ceélulas no animal adulto (HOLSBERGER; COOKE,
2005).
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O PTU é uma droga anti-tireoidiana que age inibindo a sintese de
horménios tireoidianos na glandula tireoide e na conversao de T4 na sua forma
ativa (T3) nos tecidos periféricos (CHIAO et al., 2000; YANG; GORDON, 1997).
Além disso, o 6-n-propil-2-tiouracil (PTU) reduz a circulacdo de T3 e T4 e
aumenta os niveis de TSH, bem como inibe a acdo de conversdo de T4 em T3
da enzima tireoperoxidase e da deiodinase tipo 1. Essa droga também altera a
expressao hormoénio-responsiva de genes, e essa alteracdo pode causar danos
na estrutura de regides do cérebro (ZOELLER; CROFTON, 2005).

A producédo metabdlica de substancias essenciais ao funcionamento
celular utiliza oxigénio para obtencéo de energia e gera radicais livres. Os HTs
sdo importantes no balanco entre EROs e moléculas antioxidantes em diversos
tecidos (KUMAR; SHEKHAR; DHOLE, 2014). No hipertireoidismo, em que
ocorre um aumento da atividade hipermetabdlica dos HTs, acontece aumento na
producdo desses radicais. Por consequéncia, ocorrem danos oxidativos nos
tecidos-alvo (VENDITTI; DI MEO, 2006) podendo causar mudancas
significativas nas defesas antioxidantes de diversos tecidos, incluindo figado
(HUH et al., 1998), coracdo (SHINOHARA et al., 2000), cérebro (DAS; CHAINY,
2004) e testiculo (CHOUDHURY; CHAINY; MISHRO, 2003). Em camundongos
e ratos, o processo de diferenciacdo das células de Sertoli envolve a indugéo de
um ciclo dependente de quinase pelo horménio T3, dessa forma, 0os animais
neonatais em estado de hipotireoidismo sofrem prejuizos no crescimento
testicular, na maturacdo das células germinativas, na formacdo dos tubulos

seminiferos e outros processos de diferenciacédo (SILVA et al., 2011a).

1.6 OBESIDADE, HIPOTIREOIDISMO E HIPERTIREOIDISMO NO SISTEMA GENITAL
MASCULINO
Os HTs regulam o metabolismo basal, a termogénese e desenvolvem
um papel essencial no metabolismo de lipideos e glicose, na ingestdao de
alimentos e na oxidagéo de gordura (ROSENBAUM et al., 2000). A desregulacéo
da tireoide estda associada a alteracbes no peso, na composicdo e ha
temperatura corporal, bem como no gasto total de energia em repouso (REE) e
independente da atividade fisica (BIONDI, 2010; SANYAL; RAYCHAUDHURI,
2016).
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A disfuncdo da tireoide pode ser o principal evento que induz
alteracdes no gasto de energia com sucessivo aumento do indice de massa
corporea (IMC) e peso (BIONDI, 2010). O acumulo de gordura tem sido
associado a baixos niveis de T4 livre e altos niveis de TSH em individuos
eutireoideos pouco acima do peso, resultando em uma correlacao entre os niveis
séricos de TSH e o aumento progressivo de peso em determinado periodo de
tempo (REINEHR; DE SOUSA; ANDLER, 2006). Além disso, foi relatado uma
relacdo entre a quantidade de T3 e T4 livre com a circunferéncia da cintura e o
IMC em individuos obesos (CHOMARD et al., 1985). Contudo, as causas dessas
alteracbes encontradas nas funcdes da tireoide ainda permanecem
desconhecidas. Autores sugerem que uma maior atividade das deiodinase leva
a uma alta taxa de conversao de T4 em T3. Sendo este um mecanismo de defesa
encontrado em individuos obesos contra a acumulacao de gordura ao aumentar
o gasto de energia (LONGHI; RADETTI, 2013). Outro mecanismo provavel é o
aumento compensatorio na secrecdo de TSH e T3 livre na tentativa de superar
a reducdo na capacidade de resposta dos tecidos aos hormonios tireoidianos
circulantes em individuos obesos; isso ocorre devido a baixa expressédo de TSH
e horménios da tireoide em adipdcitos (NANNIPIERI et al., 2009). Além disso, os
elevados niveis de leptina encontrados em individuos obesos pode ser outra
possivel explicacdo uma vez que a principal acdo da leptina € detectar o excesso
de gordura e diminuir o apetite e a ingestdo de alimentos. Uma explicacao
adicional esta nas citocinas inflamatorias secretadas pelo tecido adiposo, como
o fator de necrose tumoral alfa (TNFa), a interleucina (IL)-1 e a IL-6, que inibem
a expressdo de mRNA do simporte de sdodio e iodo e com isso a atividade de
captacao de iodeto (SANYAL; RAYCHAUDHURI, 2016).

Células de gordura produzem leptina e sdo considerados um 0rgao
endocrino ativo (FELDT-RASMUSSEN, 2007; REINEHR, 2010). Existe uma
correlacdo entre a quantidade de TSH e o nivel do IMC podendo ser mediada
pela leptina produzida pelo tecido adiposo. A leptina rege fisiologicamente a
homeostase energética informando ao sistema nervoso central sobre as
reservas de tecido adiposo (REINEHR, 2010). Este hormbnio modula e regula
as respostas neuroenddcrinas e comportamentais, como 0 eixo hipotalamo-
hipdfise-tireoide e a ingestdo alimentar (FELDT-RASMUSSEN, 2007;
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MENENDEZ et al., 2003), por regulacéo da expresséo génica do TRH no nucleo
paraventricular e o TSH, por sua vez, estimulard a secrecdo de leptina pelo
tecido adiposo humano (MENENDEZ et al., 2003; OGE et al., 2005; SANTINI et
al., 2010). A leptina também afeta atividades de deiodinase da tireoide com
ativacdo da conversao de T4 para T3 (REINEHR, 2010; ZIMMERMANN-
BELSING et al., 2003).

Em estudo clinico com 1944 pacientes adultos acompanhados por 11
anos descobriram uma associagéo positiva estatisticamente significativa entre a
concentracdo sérica de TSH e a mudanca de peso (BJERGVED et al., 2014).
Outro estudo com 4649 participantes evidenciou, além de uma relacao positiva
entre a concentracdo de TSH e o IMC dos individuos, uma relagdo com a
quantidade de T4 livre, sendo influencidvel em casos com hiper ou
hipotireoidismo (KNUDSEN et al., 2005).

1.7 INFLAMAGAO E DISTURBIOS METABOLICOS NA OBESIDADE E ALTERAGOES
TIREOIDIANAS
O testiculo consegue tolerar os auto-antigenos expressos pelas
células germinativas devido a inducdo de um microambiente imunossupressor
induzido pela presenca de citocinas, dessa forma esse 6rgdo € considerado
imuno-privilegiado (HEDGER; MEINHARDT, 2003; GUAZZONE et al., 2009). O
mecanismo envolvido na autoimunidade é a existéncia da BHT, uma estrutura
gue limita 0 acesso de antigenos e anticorpos nas células germinativas, além da
presenca de células T regulatérias (Treg) no intersticio testicular, e a secrecao
de imunossupressores secretados por macréfagos, células de Sertoli e Leydig
(TUNG; FUSI; TEUSCHER, 2002).

Todas as funcdes epididiméria sdo dependentes da composicao
luminal do epididimo, que séo criadas por produtos de secrecéo das células de
Sertoli no testiculo, pela secrecéo e absorcdo de ions e proteinas pelas células
principais do epididimo, e pela BHE que limita o transporte de moléculas. Essa
BHE oferece protecdo imunolégica ao espermatozoide, uma vez que estes

gametas sdo imunogénicos devido a quantidade de cromossomos ser diferente
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das demais células do corpo, por meio das jungdes célula-célula constituidas por

proteinas transmembrana em condi¢cfes normais (GREGORY; CYR, 2014).

As caracteristicas histopatolégicas da inflamacao no tecido testicular
e epididimario sdo caracterizados principalmente pela presenca de infiltrado
inflamatorio no intersticio de ambos os 6rgaos. O infiltrado é caracterizado pela
presenca de células inflamatorias como linfocitos, macréfagos e mastocitos.
Quando essas células estdo no lumen de qualquer um dos érgados citados,
podem caracterizar o comprometimento da barreira imunoldgica presente no
testiculo e no epididimo (GUAZZONE et al., 2009; GREGORY; CYR, 2014).

A obesidade esta intimamente relacionada com uma inflamacéo
sistémica crbnica, caracterizada pela producdo anormal de citocinas, aumento
de mediadores da fase aguda da inflamacao e ativacdo de vias pré-inflamatorias
(HOTAMISLIGIL, 2006). As principais citocinas encontradas no tecido adiposo
séo o fator de necrose tumoral TNF-a (FEINSTEIN et al., 1993; CASTOLDI et
al., 2016) e a IL-6 (ROTTER; NAGAEV; SMITH, 2003). Essas citocinas atuam
como moduladores imunes e regulam o processo de recrutamento leucocitario,
sendo sintetizadas por diversas células do tecido testicular, como células
peritubulares, Sertoli e Leydig (GUAZZONE et al., 2009), e outras células que
estdo sendo recrutadas e podem perturbar o processo inflamatério. A expansao
de adipédcitos e a morte de adipécitos produz sinais quimiotaticos levando ao
recrutamento primeiramente de macrofagos e depois de outras células , como
os neutrofilos (HOTAMISLIGIL, 2006; CASTOLDI et al., 2016).

Os HTs afetam o recrutamento de varias células imunes, como 0s
macrofagos, e a liberacdo de diversas citocinas pro-inflamatérias, como a IL-1,
IL-6 e TNF-a (DE VITO et al.,, 2011). A quantidade de HTs circulante afeta
diretamente a geracdo de EROs que estimulam o recrutamento dos neutrofilos
e mondocitos, que nos tecidos sdo diferenciados em macrofago (SPEK; FLIERS;
BOELEN, 2017). O hipertireoidismo resulta no aumento de EROs e,
consequentemente, maior recrutamento  neutrofilico, enquanto  no
hipotireoidismo ocorre o contrario, limitando a geracdo de EROs e de neutrdfilos
(FERNANDEZ; VIDELA, 1995; VIDELA et al., 1993).
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2. JUSTIFICATIVA

Tendo em vista as mudancas fisioldgicas de peso corporeo ocorridas
com o desenvolvimento do hipotireoidismo e do hipertireoidismo, a obesidade
em conjunto com desregulagdes nos hormonios tireoidianos pode deturpar a
homeostase fisiolégica. Contudo, a literatura permanece escassa € pouco
esclarecida sobre a alteracdo morfofisiologica no sistema genital masculino em
decorréncia da obesidade e desregulacéo tireoidiana, além dos mecanismos

pelos quais a fertilidade é prejudicada ndo estarem completamente elucidados.

Dito isso, o presente estudo possui grande aplicabilidade biolégica ao
avaliar se a obesidade juntamente com a desregulacao tireoidiana, na forma de
hipertireoidismo ou hipotireoidismo, trard danos celulares, teciduais ou
fisioldgicos sobre o sistema genital masculino, especificamente nos testiculos e

epididimos de camundongos C57BL/6 adultos.
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3. OBJETIVOS

3.1 GERAL
O objetivo deste estudo foi avaliar se a obesidade juntamente com o
hipotireoidismo ou hipertireoidismo traz prejuizos ao desenvolvimento testicular

e epididiméario de camundongos C57BL/6 adultos.

3.2 ESPECIFICOS
- Entender a relacdo entre a obesidade, hipotireoidismo e

hipertireoidismo sobre a morfofisiologia testicular e epididimaria;

- Avaliar aspectos histopatologicos, espermaticos e hormonais, assim
como a resposta imunolégica e oxidativa em animais obesos com ou sem

distUrbios tireoidianos;

- Analisar se o recrutamento de células e mediadores inflamatorios
pode ser o mecanismo pelos quais a obesidade e distarbios hormonais
tireoidianos participam da morfofisiologia testicular e epididimaria de animais

obesos, com hipotireoidismo ou hipertireoidismo;

Analisar se 0 estresse oxidativo (perfil oxidativo e antioxidante) pode
ser o mecanismo pelos quais a obesidade e distirbios hormonais tireoidianos
participam da morfofisiologia testicular e epididimaria de animais obesos, com

hipotireoidismo ou hipertireoidismo;

- Verificar os efeitos e possiveis mecanismos de acédo da obesidade e
da desregulacéo tireoidiana sobre os testiculos e epididimos de camundongos
C57BL/6 adultos.
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Hipertireoidismo em camundongos alimentados com uma dieta padrédo ou rica
em gordura tém contagem de espermatozoides prejudicada
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Abstract

Thyroid disorders and obesity are very common in the population, and both are
considered public health problems, since they may aggravate and induce several
diseases, including risk of infertility. We evaluated the impact of thyroid hormone
disorders on the testis and epididymis function of mice fed with a standard or
high-fat diet. Adult male C57BL/6 mice were distributed in 6 experimental groups
and fed a standard diet (SD) or high-fat diet (HFD) for 12 weeks. Afterwards, both
groups were treated with saline (SD and HFD+saline), propylthiouracil
(PTU-antithyroid drug: SD+PTU and HFD+PTU) or T3 (SD+T3 and HFD+T3) for
30 more days. At treatment end, the mice were anesthetized and euthanized by
decapitation. Blood serum was used to determine testosterone, LH and FSH
doses. Testis and epididymis were removed to determine inflammatory profile,
oxidative stress, sperm count and histological analysis. Vas deferens was used
to obtain spermatozoa for sperm morphology. LH dose was increased in the
HFD+T3 group. Daily sperm production (DSP) and number of spermatids were
higher in HFD+saline group and lower in HFD+T3 group. IL1p dose in testis
increased in HFD+T3 group, whereas lipid peroxidation was lower in this group
and higher in HFD+PTU group. Histological analysis showed increase in
seminiferous epithelium height in HFD+PTU group. Epithelium compartment
increased in HFD+saline group, whereas stromal compartment decreased in
HFD+T3 group in epididymal caput, and increased in HFD+PTU group in
epididymal cauda. In conclusion, hyperthyroid state had greater negative impact

on testis than epididymis, whether associated with obesity in testis or not.

Keywords: Obesity, Hypothyroidism, Hyperthyroidism, Testis, Epididymis.
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1 Introduction

The global prevalence of obesity has doubled, now 11% among men
and 15% among women. Excessive accumulation of fat increases the likelihood
of other associated diseases, including male infertility (WHO, 2014). Currently,
there is a growing supply of high-fat foods combined with physical activities
(WHO, 2000b). The main cause of obesity is the imbalance between the amount
of energy ingested versus the amount of energy expended (Nammi et al., 2004),
insofar as a slight increase in daily food intake or a reduction in energy
expenditure in the long run leads to an increase in body weight (Vianna and

Coppari, 2011).

Thyroid hormones are involved in several biological processes related
to growth, development and metabolism (lwasaki et al., 2004). Diseases that
affect the thyroid gland are among the most prevalent in the world, amounting to
about 2% of hyperthyroid and 1% of hypothyroid cases. In regions with dietary
iodine deficiency, the prevalence of thyroid dysregulation may rise by as much
as 15% (WHO, 2000a). Circulating plasma levels of T3 and T4 regulate hormone
release in the hypothalamic-pituitary-thyroid axis (Boelaert and Franklyn, 2005),
and these hormones regulate the action of sex hormones in the hypothalamic-
pituitary-reproductive gonad axis (Drumond, Meistrich and Chiarini-Garcia,

2011).

In rodents, exposure to high-fat diets for prolonged periods causes a
positive energy balance (Takashiba et al., 2011). Several studies with obese male
rats from a high-fat diet show a reduction in the testosterone-estradiol ratio,
occurring with reduced testosterone levels (Fernandez et al., 2011; Vigueras-

Villasefior et al., 2011). In addition, other studies have found reductions in sperm
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motility and fertilization rates in obese rats and mice, resulting from an increase

in sperm DNA damage (Bakos et al., 2011).

Improper thyroid function affects reproductive hormones, such as LH
(Maia et al., 1995), whereas the effects on growth hormones, such as FSH, and
testosterone remain controversial (Smith and Walker, 2015). Studies show that
transient neonatal hypothyroidism induced by propylthiouracil (PTU) causes
alterations in physiological mechanisms in rats (Chiao et al., 2000) and mice
(Joyce, Porcelli and Cooke, 1993), such as a decrease in both the adrenocortical
response to ACTH and the production of corticosterone. Transient neonatal
hyperthyroidism in rats results in the early cessation of Sertoli cell proliferation,
leading to a lower population of these cells in the adult animal (Holsberger and

Cooke, 2005).

Therefore, given the biological, clinical and social importance of this
subject, in addition to the absence of studies associating these metabolic
diseases to the male reproductive system, the aim of the research was to
evaluate whether obesity in conjunction with hypothyroidism or hyperthyroidism
causes damage to the testicular and epididymal development of C57BL/6 mice,

and whether it depends on inflammation and/or oxidative stress.

2 Material and Methods

2.1 Animals

Adult male C57BL/6 mice (n=20/group) aged 8 weeks were supplied

by the animal facility of the University of S&o Paulo (USP) School of Medicine,



45

and kept under controlled temperature (x23°C) and lighting (12L, 12D
photoperiod, lights switched off at 6:00 p.m.). All experimental procedures and
protocols complied with the Ethical Principles of Animal Research, adopted by
the Brazilian College of Animal Experimentation, and were approved by the
Ethics Committee on Animal Use of the University of Sdo Paulo (CEUA / USP no.

106/2014).

2.2 Experimental design

The animals were randomly assigned to six groups, and fed either a
standard diet (SD) or a high-fat diet (HFD) for 12 weeks. Afterwards, both groups
were treated with saline as a vehicle (SD+saline and HFD+saline groups), or PTU
(propylthiouracil antithyroid drug — SD+PTU and HFD+PTU groups), or else T3
(triiodothyronine — SD+T3 and HFD+T3 groups) for over 30 days (Figure 1). Total
calories of the SD were provided by 70% carbohydrates, 20% proteins and 10%
fat, whereas those of the HFD were provided by 20% carbohydrates, 20%
proteins and 60% fat, according to Belchior et al. (2015) (PragSolucdes
Biociéncias Ltda., Jau, SP, Brazil). Hyperthyroidism was induced with a daily
dose of 0.25 pg/g T3 (Losacco et al., 2018), and hypothyroidism, with a daily dose
of 12.5 mg/Kg PTU (Ben Hamida et al., 2013; Mallela et al., 2014), both
subcutaneously. After 16 weeks of treatment, the mice were anesthetized with
isoflurane (Isoran®; BioChimico, Itatiaia, Brazil) and euthanized by decapitation.
The body, testis, epididymis, vas deferens, prostate and seminal vesicle (full and
empty) weights were measured. The blood serum was separated into
testosterone, LH and FSH doses. The testis and epididymis were removed for

sperm count, inflammatory profile and oxidative stress. The spermatozoa
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removed from the vas deferens were used for sperm morphology analysis.
Histological analyses were performed on the testis, including spermatogenic
kinetics, tubule diameter and germinal epithelium height. The epididymis was
also used for stereological analysis. Given that the mice used in this study were
also used in another recently published study, the data confirming the condition
of hypo- and hyperthyroidism, as well as obesity, can be checked in the article

authored by Losacco et al. (2018).

2.3 Testosterone, free T4, LH and FSH concentrations

Blood serum was collected and used to determine the testosterone,
free T4, LH and FSH serum concentrations, as described by Ogo et al. (2017),
with minor adaptations. The serum concentrations of LH, FSH, free T4 and
testosterone were determined by radioimmunoassay (RIA), using the
double-antibody method. Specific kits for LH and FSH were provided by the
National Hormone and Peptide Program (Harbor-UCLA Medical Center). The
primary antibody for LH and FSH were anti-rat LH-S10 and FSH-S11,
respectively. The reference was LH-RP3 and FSH-RP2. The lower limit of assay
detection was 0.04 ng/mL LH and 0.2 ng/mL FSH. The intra-assay coefficients of
variance (CVs) for LH and FSH were 3.4% and 3.0%, respectively. Serum
testosterone concentrations were determined using specific kits provided by MP
Biomedicals (MP Biomedicals do Brasil, Sdo Paulo, SP, Brazil). The lower limit
of detection was 0.07 pg/mL testosterone, and the intra-assay CV was 4.0%. All
the samples were measured in duplicate and included in the same assay to avoid

inter-assay errors.
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2.4 Sperm number, daily sperm production (DSP) per testis, and transit time in

the epididymis caput

The testis and the epididymis caput were weighed and homogenized,
as described previously by Punhagui et al. (2016), with minor adaptations. After
the homogenized material was diluted, a small sample was transferred to a
Neubauer chamber (4 fields/animal) to count the resistant spermatids (stage 19
of spermatogenesis) in the testis, and the spermatozoa in the epididymis. In
calculating the DSP, the concentration of spermatids per testis was divided by
4.84, which is the number of days in which mature spermatids are present in the
seminiferous epithelium (Garcia et al., 2011). In calculating sperm transit time
through the epididymis, the number of sperm in each portion was divided by the

DSP.

2.5 Inflammatory profile

2.5.1 Myeloperoxidase activity

Myeloperoxidase (MPO) is an enzyme abundant in the azurophilic
granules of neutrophils, and is used as a biochemical marker of neutrophil
infiltration into various tissues. Thus, in the present study, an MPO colorimetric
assay was used to assess neutrophil migration into the testis and epididymis, as
described by Siervo et al. (2016). Frozen samples were homogenized and
centrifuged (1400 rpm, 2min, 4°C). The resulting supernatant was assayed
spectrophotometrically for MPO activity at 450 nm. Briefly, 5 uL supernatant was
mixed with 200 uL of 50 mM phosphate buffer (pH 6.0), containing 0.167 mg/mL

o-dianisidine dihydrochloride and 0.015% hydrogen peroxide (Valério et al.,
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2009). MPO activity is expressed as the number of neutrophils per mg of tissue,

read off a standard curve constructed over a range of 196-400 000 neutrophils.

2.5.2 N-Acetyl-b-D-glucosaminidase activity

N-Acetyl-b-D-glucosaminidase (NAG) activity was determined using a
colorimetric method adapted by Siervo et al. (2016). Briefly, 20 pyL of supernatant
(testis and epididymis), obtained as described above for determining MPO
activity, was placed in a 96-well plate, to which 40 pL of 50 mM phosphate buffer
(pH 6.0) was added. The reaction was initiated by the addition of 2.24 mM 4-
nitrophenyl N-acetyl-B-D-glucosaminide. The plate was incubated at 37°C for 10
min, and the reaction was stopped by adding 50 pL of 0.2 M glycine buffer (pH
10.6). Enzyme activity was determined spectrophotometrically at 400 nm
(Multiskan GO Microplate Spectrophotometer; Thermo Scientific, Vantaa,
Finland). NAG activity was expressed as the number of macrophages per mg of
tissue, read off a standard curve constructed over a range of 196-400 000

macrophages.

2.5.3 Cytokine measurement

Testicle and epididymal samples were homogenized in 350 pL of
phosphate buffer saline for the testis sample and 300 uL for the epididymis
sample. The samples were centrifuged (14000 rpm x 15 min x 4°C), and the
supernatants were used to measure the TNFa, IL1, IL6 and IL-10 levels with an
enzyme-linked immunosorbent assay (ELISA), using eBioscience kits. The
results were expressed as picograms (pg) of cytokine per mg of protein

(Manchope et al., 2016).
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2.6 Oxidative stress

2.6.1 Quantification of superoxide anion

Superoxide anion production was evaluated in tissue homogenates,
as described by Ogo et al. (2017). Briefly, the homogenates (50 pL) were mixed
with a nitro blue tetrazolium (NBT) solution (100 pL, 0.1% in ddH20,
weight/volume) and incubated in 96-well plates at 37°C for 1 hr. The agueous
mixture was removed from the wells carefully, and the formazan precipitate was
solubilized by adding KOH (120 uL, 2M) and DMSO (120 pL) solutions in each
well. The absorbance was measured at 600 nm (Multiskan GO Microplate
Spectrophotometer, Thermo Scientific, Vantaa, Finland). The total protein of each
sample was used for data normalization, and the results were expressed as NBT

reduction (OD at 600 nm).

2.6.2 Lipid peroxidation

Lipid peroxidation in the testis and epididymis was assessed by
determining the thiobarbituric acid reactive substance (TBARS) levels. In brief,
trichloroacetic acid (10%) was added to the homogenate to precipitate the
proteins. This mixture was then centrifuged (1000 g, 3 min at 4°C). The protein-
free sample was extracted and thiobarbituric acid (0.67%) was added. The
mixture was kept in a water bath at 100°C for 15 min. Malondialdehyde (MDA),
an intermediate product of lipoperoxidation, was determined by calculating the
difference between absorbances at 535 and 572 nm on a microplate
spectrophotometer reader (Multiskan GO, Microplate Spectrophotometer,
Thermo Scientific, Vantaa, Finland), and the results were expressed as TBARS

(nmol of MDA per mg of tissue) (Staurengo-Ferrari et al., 2017).
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2.6.3 Antioxidant activity — ABTS assay

Testicle and epididymal samples were homogenized in 500 pL of
1.15% potassium chloride (KCl) and centrifuged (15 min x 4000 rpm x 4°C). The
supernatant (10 puL) was mixed with the ABTS reagent (7.0 mM ABTS solution in
2.45 mM potassium persulfate) and 40 uL ultrapure water. The absorbance was
determined at 730 nm in a microplate reader. The Trolox curve (0.01 to 20 nmol)
was plotted, and the results were presented as nmol Trolox equivalents per mg

of protein (Martinez et al., 2016).

2.6.4 Total antioxidant capacity — FRAP assay

Testicle and epididymal samples were homogenized with 350 pL of
1.15% KCI and centrifuged (15 min x 4000 rpm x 4°C). The ability of the sample
to resist oxidative damage was determined using the FRAP assay, by mixing 20
ML of supernatant with 30 pL of deionized water and 150 uL of freshly prepared
FRAP reagent. The reaction mixture was incubated at 37°C for 45 min, and the
absorbance was measured at 595 nm. The results were equated against a Trolox
standard curve (1.5-30 pmol/L, final concentrations), and expressed as Trolox

equivalents per mg of protein (Manchope et al., 2016).

2.6.5 Glutathione (GSH) assay

Testicle and epididymal samples were collected and maintained at
80°C. The samples were homogenized with 500 pL of 1.15% KCIl. The
homogenate was mixed with 25 pL of 50% trichloroacetic acid and was
homogenized three times for 15 min. The mixture was centrifuged (15 min x 4000
rpm x 4°C). The supernatant was added to 200 pL of 0.4 M TRIS buffer, pH 8.9,

and 10 yL of 0.01M DTNB. After 5 min, the absorbance was measured at 412 nm
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against a reagent blank with no supernatant. A standard curve was plotted with
standard GSH. The results were expressed as GSH nmol per mg of protein

(Manchope et al., 2016).

2.7 Sperm morphology

The contents of the vas deferens were removed by internal rinsing with
0.3 pL of 10% formal saline. Smears on histological slides were prepared from
this solution and observed under a photomicroscope (Opton) at 400X
magnification. One hundred spermatozoa were analyzed per animal.
Morphological analysis was classified into three general categories: normal
morphology, head abnormalities (either a head without characteristic curvature
or an isolated form, i.e., no tail attached) and tail abnormalities (broken, rolled
into a spiral or isolated, i.e., no head attached). This analysis was performed as

described by Punhagui et al. (2016), with minor adaptations.

2.8 Histological process

The left testis and the epididymis (5/group) were removed and fixed in
Methacarn (60% Methanol, 30% Chloroform and 10% Glacial Acetic Acid). This
material was then immersed in a few baths (20 min each) of alcohol (95% and
absolute), xylene (40 min) and Paraplast®. The last xylene and Paraplast® baths
were performed in an oven at 65°C, after which the material was sectioned into

5 um slices, and stained with hematoxylin and eosin (HE) (Punhagui et al., 2016).

2.8.1 Histopathological analysis of the testis and epididymis

The epididymal and testicle tissues were evaluated qualitatively,

according to the presence of immune cells in the epithelium, lumen and interstitial
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compartment, and of epithelium vacuolization and inflammatory infiltrate. This
analysis was performed using an Opton microscope (100X and 400X
magnification), a light microscope with four objective lenses (4X, 10X, 40X, and

100x) and an ocular lens (10X). All the abnormalities were photomicrographic.

2.8.2 Seminiferous tubule diameters and seminiferous epithelium height in

the testis

Ten random testicular cross sections in Stage 1X of the seminiferous
epithelium cycle were examined per animal. Seminiferous tubule diameters were
measured using an optical light microscope — Opton photomicroscope (400X
magnification), whereas the tubule images were analyzed with BELview software
(version 6.2.3.0 for Windows). Likewise, the seminiferous epithelium height was
measured using the same tubules and methodology mentioned earlier. The mean
of four measures of diameter and height was calculated for each seminiferous

tubule, and used in the statistical analysis.

2.8.3 Spermatogenic kinetics in the testis

One hundred random tubular sections per animal were classified into
four categories: Stages I-VI, VII-VIII, IX-XI, and Xll of the seminiferous
epithelium cycle, according to Drumond et al. (2011), under a light microscope

(Opton) at 100X and 400X magnification.

2.8.4 Stereological analysis of the epididymis

Ten random epididymal cross sections from the caput and cauda
regions were obtained per animal and used for stereological analysis. This
analysis was performed using Weibel's multipurpose graticulate, with 168 points,

to compare the relative proportion among the epididymal components
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(epithelium, stroma, and lumen) in the experimental groups, according to

Punhagui et al. (2016), with minor adaptations.

2.9 Statistical analysis

A completely randomized experimental design was used in a 3x2
factorial analysis, with 3 levels of hormone (no hormone or with PTU or with T3)
and 2 levels of obesity (with or without obesity) to compare all the groups. We
used the R Project for Statistical Computing program to perform the statistical
analysis of the data, which were converted into logarithmic scale to meet the
assumptions of the analysis of variance (ANOVA 2-way), when necessary.
Differences were considered significant when P< 0.05. The normality of the errors

was considered at P> 0.10, and homogeneity of variances at P> 0.05.

3 Results

3.1 Body and reproductive organ weight

The obese (HFD+saline group) and obese hypothyroid (HFD+PTU
group) mice showed an increase in prostate weight, compared with the other
groups. Obese hyperthyroid mice (HFD+T3 group) showed a decrease in the full
seminal vesicle, whereas obese hypothyroid mice (HFD+PTU group) showed an
increase in the empty seminal vesicle, compared with the other groups. The
weight of other organs was not statistically significant (Table 1). The body weight

of the animals is showed in Losacco et al. (2018).

3.2 LH, FSH, testosterone and free T4 concentrations
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The LH dose showed that only in the presence of T3 (SD+T3 group)
did a significant higher concentration of LH occur, compared with the other groups
(Figure 2A). The testosterone and FSH dose remained unchanged among all the
groups (Figure 2B and 2C). The free T4 was lower in all the groups exposed to
PTU (SD+PTU and HFD+PTU groups) or T3 (SD+T3 and HFD+T3 groups),
regardless of the diet. This difference in free T4 shows that the induction of thyroid
dysregulation performed in the experiment was the correct procedure and yielded
successful results in the animals. Both PTU-induced groups were more similar
between each other than to the two T3-induced groups, and both T3-induced
groups were more similar between each other than to the two PTU-induced

groups (Figure 2D).

3.3 Sperm count

The DSP and the number of spermatids in the testis were higher in the
HFD+saline group and lower in the SD+T3 group, compared with the other
groups. However, the number of spermatozoa and the transit time in the

epididymis were statistically similar among the groups (Table 2).

3.4 Inflammatory profile

Macrophage recruitment (Figures 3A, 3C and 3E) and neutrophil
recruitment (Figures 3B, 3D and 3F) showed no significant results among all the
groups. Although statistically insignificant, it is important to note that there was a
43.50% and 44.10% reduction in neutrophil recruitment in the SD+T3 group in
the testis and in the epididymal cauda region, respectively, compared with the

control group. Interestingly, there was also an average reduction of 48.29% in
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neutrophil recruitment and 42.37% in macrophage recruitment in the epididymal
caput region, compared with the control. This indicates that there was recruitment
of resident and non-resident macrophages and neutrophils to the testis and
epididymis; however, NAG and MPO activity did not induce the release of any

major enzyme by these cells.

Proinflammatory cytokine IL1p in the testis (Figure 4C) was greater in
the group exposed to HFD and hyperthyroidism (HFD+T3 group), compared with
the other groups. However, this cytokine in the epididymis (Figure 4D) was similar
among the experimental groups. The other cytokines, like TNFa (Figure 4A and
4B) and IL10 (Figure 4E), were similar among the groups. It is also important to
note that there was a 53.85% reduction in IL10 levels in the hypothyroid group
(SD+PTU), compared with the control group (SD+saline) in the epididymis, albeit

with no statistical significance.

3.5 Oxidative Stress

Lipid peroxidation of the hypothyroid group (SD+PTU group) was
greater in the testis (Figure 5A), and remained unchanged in the epididymis
(Figure 5B), compared with the other groups. The other oxidant (Figure 5C, 5D,
51 and 5J) and antioxidant (Figure 5E, 5F, 5G and 5H) parameters remained

similar among the groups.

3.6 Sperm morphology and histological analysis of the testis

Sperm morphology and spermatogenic kinetics in the testis did not
show any significant results among the experimental groups (Table 3). The

germinal epithelium height was increased in the obese groups that had been
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administered both thyroid drugs (HFD+PTU and HFD+T3 groups), whereas the
seminiferous tubule diameter was statistically similar among the groups (Table
3). Qualitative histopathological analysis of the testis showed the presence of
multinucleated cells adhered to the internal border of the germinal epithelium
(Figure 6A), and cells detached from the germinal epithelium in the lumen of the
seminiferous tubule (Figure 6) in the SD+PTU, SD+T3, HFD+PTU and HFD+T3

groups, being predominant in the last two groups.

3.7 Stereological and histopathological analysis of the epididymis

The stroma compartment was decreased in the obese hyperthyroid
group (HFD+T3 group), and the epithelium compartment was increased in the
hypothyroid group (PTU+saline group), both in the caput epididymal region.
Moreover, the stroma compartment in the cauda epididymal region was
increased in the hyperthyroid group (SD+T3 group), compared with the other
groups. All the other parameters remained similar (Table 4). Qualitative
histopathological analysis performed in the epididymis showed the presence of
immune cells (Figure 6C) and cells detached from the epithelium in the lumen of
the epididymal duct (Figure 6D), in the caput region. It was also possible to
observe the presence of multinucleated cells adhered to the internal border of the
epididymal epithelium (Figure 6E), and inflammatory infiltrate in the stromal

compartment (Figure 6F) of the epididymal cauda region.

4 Discussion



57

In our results, the hyperthyroid state had a hormonal unbalance in the
hypothalamic-pituitary-gonad axis, with higher LH concentrations associated with
a lower sperm count in testicle tissue, thus shifting feedback regulation and
impairing spermatogenesis. In addition, whenever hyperthyroidism was
associated with obesity, it was possible to observe an increase in
proinflammatory cytokine IL1p, and a decrease in lipid peroxidation in the testis.
The hypothyroid state caused higher lipid peroxidation, and proportionally
increased the stromal compartment in the epididymal cauda. Moreover,
hypothyroidism in conjunction with obesity increased the seminiferous epithelium
height and body weight, as well as the weight of some organs. Obesity in HFD-
induced conditions caused an increase in both the testis sperm count and the
body and organ weight. All these treatments impaired the spermatogenic process
somewhat, whereas the histopathology detected immune cells, and inflammatory

infiltrate and cells in the lumen of the tubules and epididymal duct.

Fontenelle et al. (2016) says that thyroid gland dysfunction in humans,
such as hypothyroidism or hyperthyroidism, results in changes in body weight,
because of the participation of thyroid hormones in the control of thermogenesis
and appetite. The increase in body weight found in both the obese and the obese
with hypothyroid groups shows that obesity associated with hypothyroidism is
more harmful to the body. This becomes more evident when observing the
parameters of prostate and seminal vesicle empty weight, as previously reported

(Fernandez et al., 2011; Fernandes et al., 2012; Liu et al., 2014).

Androgens are an integral part of spermatogenesis, and are required
for testosterone production by Leydig cells in early puberty; thus, they mark the

beginning of spermatogenesis. Thyroid hormones also play a role in
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spermatogenesis, involving Sertoli cell proliferation and development (Sharma
and Agarwal, 2013). Aware of the importance of these hormones in the formation
of normal spermatozoa, several authors have evaluated the hormone levels of
HFD-induced 5-week-old Sprague-Dawley rats (Liu et al., 2014), 5-week-old
(Fernandez et al., 2011) or 8-week-old (Alhashem et al., 2014) Wistar rats, and
3-week-old C57/BL6 mice (Fan et al., 2015). These authors observed different
testosterone, and LH and FSH concentrations when comparing obese with non-
obese animals. Hyperthyroid Sprague-Dawley adult male rats had lower LH and
FSH levels, but an unchanged testosterone level (Schneider et al., 1979), even
though hypothyroid rats may also have lower LH and FSH levels (Bruni, Dibbet
and Meites, 1975). Interestingly, the testosterone level differs in both states,
being higher in hyperthyroidism (Korejo et al., 2016) and mostly remaining
unchanged in hypothyroidism (Bruni, Dibbet and Meites, 1975). Thus, the
literature shows controversial results among different authors, who report
reduced LH levels (Fan et al., 2015) and FSH levels (Liu et al., 2014) associated
with changes in testosterone levels, or the reduction in these hormones (Bruni,
Dibbet and Meites, 1975; Alhashem et al., 2014; Korejo et al., 2016), or else no
alteration in any of these hormones (Fernandez et al., 2011). The methods to
induce thyroid disorders using PTU and T3, and the HFD composition with 60%
fat, demonstrate that the amount of fat composition of the diet causes a hormonal
release pattern which, unlike that reported in the literature, shows increased LH
only in animals with hyperthyroidism treated with a standard diet. According to
Buzzard et al. (2000), growth sperm production can be attributed to different
causes, such as higher doses of gonadotropins and higher concentrations of both

LH and FSH, which are important for spermatogenesis and germ cell survival.
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Contrasting with our results, obese HFD-induced C57BL/6 mice
showed no alteration in epididymis sperm concentration, and presented a higher
ratio of abnormal sperm morphology; furthermore, some authors have also
shown epithelial discontinuity in the testis, especially in Sertoli cells (Buzzard et
al., 2000; Fan et al., 2015). Other studies using HFD-induced obesity showed
controversial results: on one hand, lower DSP and number of testicular
spermatids and epididymal sperm, without yielding any significant results in the
epididymal stereological analysis in obese rats (Fernandes et al., 2012), and, on
the other hand, the presence of germ cells in testicular lumen without any
difference in testicular morphometry, and with a lower number of testicular
spermatids (Vendramini et al., 2014). We observed greater damage in the
epididymal tissue and the testicular function in our obese mice, evidenced by the
presence of germinal epithelial cells in the lumen and immune cells in the stroma.
Both of these cells may have promoted alterations in the testicular sperm count

and in the epithelial proportions of the epididymis.

Studies by Buzzard et al. (2000) using male Sprague-Dawley rats
showed the presence of thyroid hormone receptors on germ cells and
proliferating Sertoli cell, thus indicating the role of thyroid hormones. Moreover,
the thyroid hormone receptors were identified in different stages of developing rat
germ cells: gonocytes, spermatogonia, and round and elongate spermatids
(Buzzard et al., 2000). Several clinical and experimental studies showed that
thyroid dysregulation, such as hypothyroidism or hyperthyroidism, causes
changes in sperm production, including hormonal dysregulation, which affects
sperm quality, as well as sperm count (Kumar, Shekhar and Dhole, 2014). These

studies suggest that our results in hyperthyroid animals indicated greater
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activation of the germinal epithelium cells due to increased LH level and
circulating T3 hormone, but one which was not enough to increase sperm

production, and which actually caused a decrease in sperm count.

The epididymis is an important organ responsible for spermatozoon
maturation and motility, and remains under the direct and indirect pathological
influence of the testis. Korejo et al. (2016) experimented on 6-week-old
hyperthyroid-induced mice and reported an increase in the lumen diameter of the
epididymal histological compartments in the caput and cauda regions, and also
observed a few germ cells resulting from the compaction of the epithelial cells.
The epididymal tissue remodeling process can also be observed in our results for
T3-induced obese animals, with changes in both the caput and cauda regions,
but the remodeling was not sufficient to alter the sperm count or transit time in

this organ.

Obesity was also related to chronic systemic inflammation
characterized by the abnormal production of cytokines—increased mediators of
the acute phase of inflammation—and by activation of proinflammatory pathways
(Rotter, Nagaev and Smith, 2003; Hotamisligil, 2006). Thyroid hormones affect
the recruitment of several immune cells, such as macrophages, and the release
of several proinflammatory cytokines, such as TNFa, IL13 and IL6. In
hyperthyroidism, there is a decrease in the proinflammatory activity of monocytes
and macrophages, whereas the inverse effect occurs in hypothyroidism (De Vito
et al., 2011). However, the opposite effect occurred respectively in the present
study, showing that the resident testicular immune cells increased the release of
IL1B (Stéphan, Syed and Jégou, 1997) in the case of obesity associated with

hyperthyroidism, a state known for rapid loss of body fat.
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An experimental study with HFD-induced mice showed lower levels of
IL-1p and macrophages in testis tissue (Zhang et al., 2017), whereas Zhao et al.
(2017) showed higher levels of IL-10 and TNF-a. These studies show us that
obesity influences testicular macrophages, and contributes to deregulating the
production of inflammatory cytokines. In addition, the macrophages in adipose
tissue are highly adaptive to lipid-rich environments, wherein their adiposity is
increased by activation of the lysosomal lipid metabolism, even before their own
activation and that of the inflammatory profile (Xu et al., 2013). Although, there
are periods in which weight can be gained or lost, the adipose tissue dynamically
changes the cellular composition, such as cell type and cell immunity (Mancini et
al., 2016), leading us to believe that fat loss can cause severe disruption of the

cytokine release pattern, if it occurs at an accelerated rate.

Neutrophils are usually stimulated by oxidative stress (Videla et al.,
1993; Fernandez and Videla, 1995) and by macrophage phagocytosis (Forner,
Barriga and Ortega, 1996; Ortega et al., 1996), both of which are also affected
by thyroid hormones. In general, authors note that the proinflammatory effect of
thyroid hormone administration generates a shift in macrophage polarization to
the M1 subtype (Perrotta et al., 2014). Accordingly, oxidative stress has been
found to be associated with both of the thyroid dysregulation states in humans
(Resch et al., 2002). Thyroid hormones can themselves act as oxidants and
cause DNA damage in human sperm (Dobrzynska, Baumgartner and Anderson,
2004); however, the pathways for this to occur involve many transcription factors.
These hormones influence the lipid composition of rat tissue, and consequent
susceptibility to oxidative stress (Mancini et al., 2016). Research by Choudhury

et al. (2003) on hypo- and hyperthyroid rats showed no significant change in the
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lipid peroxidation level in the testis, or in the antioxidant levels, in either the hypo-
or the hyperthyroid groups. They concluded that thyroid hormones regulate
testicular antioxidant defense, and that any alteration in oxidative stress levels
may affect the physiology of the testis. Thus, knowing that obesity upsets the
oxidant balance, Vigueras-Villasefior et al. (2011) showed that the lipid
peroxidation of the epididymis increases when using obese HFD-induced rats.
Our oxidative stress results showed that hypothyroidism caused greater testicular
lipid peroxidation, whereas obesity in conjunction with hyperthyroidism did not

prove to be aggressive to the testis, but was protective to the epididymal tissue.

5 Conclusion

In conclusion, the association of obesity with thyroid dysregulation was
found to be more detrimental to the male reproductive organs than the
association of non-obesity to hyper- or hypothyroidism. In addition, the
inflammation profile and oxidative stress did not influence the morphophysiology
of testicular or epididymal tissue. It is interesting to note that the testicles and
epididymis are affected differently, thus showing that each organ is subject to

specific alterations.
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Figure legends:
Figure 1. Experimental design of this study

wks = weeks; PND = post-natal days; LFD = low-fat diet; HFD = high-fat diet;
PTU = propylthiouracil

Figure 2. Luteinizing hormone (LH; A), follicle stimulating hormone (FSH; B),

testosterone (C) and free T4 (D) concentrations.

Data are expressed as mean + SEM; ANOVA 2-way test with Tukey post hoc
test. 2b.¢d indicate groups that differ statistically from the other groups (p<0.05).

Figure 3. Number of macrophages (A, C, E) determined by NAG activity, and
number of neutrophils (B, D, F) determined by MPO activity in the testis (A, B),
caput-corpus (C, D) and cauda (E, F) epididymis regions.

Data are expressed as mean + SEM; ANOVA 2-way test with Tukey post hoc test
(p>0.05).

Figure 4. Concentration of TNFa (A, B), IL1B (C, D) and IL10 (E) in the testis (A,
C) and the epididymis (B, D, E).

Data are expressed as mean = SEM; ANOVA 2-way test with Tukey post hoc

test. 2b.¢ indicate groups that differ statistically from the other groups (p<0.05).

Figure 5. Oxidative stress with lipid peroxidation (A, B), glutathione (GSH) assay
(C, D), total antioxidant capacity (E, F), antioxidant activity (G, H) and superoxide
anion (I, J) in the testis (A, C, E, G and ), and in the epididymis (B, D, F, H and
J).

Data are expressed as mean + SEM; Kruskal-Wallis test with Dunn post hoc test
(A, D, E and I). ANOVA 2-way test with Tukey post hoc test (B, C, F, G, H and J).

ab indicate groups that differ statistically from the other groups (p<0.05).

Figure 6. Qualitative histopathological analysis of the testis (A, B), and in the

epididymis caput (C, D) and cauda (E, F) regions.

(A) Presence of multinucleated cells (—) adhered to the internal border in the
germinal epithelium of the seminiferous tubule in the HFD+T3 group; (B)

presence of cells detached from the germinal epithelium (*) in the lumen of the
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seminiferous tubule in the HFD+PTU group; (C) presence of immune cells (—) in
the lumen of the caput region in the HFD+T3 group; (D) presence of cells
detached from the epithelium (*) in the lumen of the epididymal duct in the caput
region in the HFD+T3 group; (E) presence of multinucleated cells (—) in the
cauda region in the LFD+PTU group; (F) presence of inflammatory infiltrate in the
stromal compartment of the cauda region in the LFP+PTU group. L = lumen; Ep

= epithelium; St = stroma; V = blood vas.



Table 1. Body and reproductive organ weight

SD HFD

Saline PTU T3 Saline PTU T3
Testis (mg) 86.10+1.10 87.40+0.80 85.30 +0.70 88.10+2.40  88.60+0.70  82.60 % 0.80
Epididymis (mg) 36.60+0.70 36.00+050  33.90 +0.20 3540+ 040  3570+040  32.80+0.70
Vas deferens (mg) ~ 11.60+0.40 11.70£0.30  10.30 + 0.50 1310 £0.40  12.20+0.40  9.10+0.30
Prostate (mg) 31.00+0.80 2350+0.70 28.70 + 1.50 4170 + 1.50+  43.70+1.70*  19.70 +0.90
Full Seminal Vesicl
(n‘ig)sem'na ®SIC€  318.60+3.60 346.80+4.60 304.00£620  3346£6.90  342.00+540 226.00 + 7.40%
Empty Seminal 14950 +2.80 167.00+3.30 153.40+2.70  168.10+3.80 181.90+1.90* 120.70 +3.50
Vesicle (mg)

Values expressed as mean + SEM

ANOVA 2-way with Tukey-Kramer post hoc test

* Indicate groups that differ statistically from the other groups (p<0.05)



Table 2. Sperm count in the testis and epididymis
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SD HFD

Saline PTU T3 Saline PTU T3
('\)'(‘irgst)’er of spermatids 920£007  937+011  7.91+015*  10.87+0.14* 944+019  9.85+0.14
DSP (x10) 1924001  1.93+002  1.63+0.03* 224%003*  195:004  2.03%0.03
g'(‘irgger ofspermatozoa g 551026 11.16+030  8.86+0.25 956+022  8.68+016  9.89+0.26
Sperm ransittime through 5 15, 913 575:012  558+0.23 426+009  454%013 486011

caput (days)

Values expressed as mean £ SEM

ANOVA 2-way with Tukey-Kramer post hoc test

* Indicate groups that differ statistically from the other groups (p<0.05)

Legend: DSP = daily sperm production



Table 3. Sperm morphology and histological testicular analysis
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SD HFD
Saline PTU T3 Saline PTU T3

Normal spermatozoa (%) 62.68+1.14 56.93+x1.96 53.37£0.40 55.25+1.09 57.50+1.26 55.12+0.94
Abnormal head (%) 16.56+0.78 18.87+0.79 21.06 +0.62 15.87+0.61  1550+0.69 15.06 % 0.72
Abnormal tail (%) 20.75+095 24.18+1.83 27.00+1.11 28.87+1.01  2556+0.88 29.81+0.74
Stage 1-VI (%) 38.80+0.77 37.40+0.72  41.00 +0.93 39.40 +0.37  40.20+0.89  44.00 + 0.89
Stage VII-VIII (%) 3540+1.06 34.40+0.60 33.00 +0.70 38.20+0.71  34.80+0.67 31.80+0.66
Stage IX-XI (%) 23.20+058 24.20+0.97 24.00 £ 0.92 16.80+0.67 20.80+0.61 19.60%0.70

Stage XII (%) 260+0.33  4.00+046  2.00+0.22 5.60 + 0.37 420+0.70  4.60£0.10
(Suenr]';i”ifemus diameter 182.87+0.89 178.10+1.24 180.21+1.59  183.06+1.11 19475+1.52 192.21+1.28
Epithelium height (um) 56.21+0.41 53.31£0.37 55.12 +0.47 58.54 +0.48  61.72+0.70* 61.52 + 0.62*

Values expressed as mean + SEM
ANOVA 2-way with Tukey-Kramer post hoc test

* Indicate groups that differ statistically from the other groups (p<0.05)



Table 4. Stereological analysis
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SD

HFD

Saline

PTU

T3

Saline

PTU

T3

Caput
Stroma
Epithelium
Lumen

Cauda
Stroma
Epithelium
Lumen

25.0 (20.8-33.3)
50.0 (45.1-56.5)
23.5 (18.3-28.2)

23.2 (19.6-26.3)
22.3 (19.5-24.4)
54.7 (48.8-58.4)

22.6 (19.0-26.6)

56.5 (52.9-59.9)*

19.3 (16.2-24.8)

23.2 (19.9-30.3)
21.4 (18.3-25.9)
53.2 (47.4-59.2)

25.6 (19.6-31.5)
54.1 (44.9-59.5)
17.5 (14.2-27.9)

29.7 (22.7-33.0)*
19.9 (17.4-23.6)
50.5 (43.6-56.3)

25.2 (21.7-29.1)
53.8 (48.0-59.0)
19.6 (16.0-26.3)

27.9 (20.5-32.7)
21.4 (18.1-30.9)
49.4 (32.7-58.3)

22.6 (19.0-26.1)
50.5 (44.1-59.9)
23.5 (17.4-29.4)

22.6 (20.5-28.1)
21.1 (19.4-26.3)
52.9 (47.4-56.8)

20.8 (17.7-26.1)*
53.2 (46.5-61.4)
23.8 (17.2-31.2)

23.5 (19.0-31.1)
26.1 (20.3-32.5)
49.4 (39.4-59.0)

Values expressed as median (Q1-Q3)

ANOVA 2-way with Tukey-Kramer post hoc test

* Indicate groups that differ statistically from the other groups (p<0.05)
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Figure 1. Experimental design of this study

wks = weeks; PND = post-natal days; LFD = low-fat diet; HFD = high-fat diet;
PTU = propylthiouracil



~ 100-
E
2 801 b
: 1
| =
E 60
[=]
L 404
[=)]
£
£ 20- a 2
ey | 5
3 o L] 1 T Ll L aI
Saline PTU T3 Saline PTU T3
SD HFD
5-
)
E 4 T T
s |1 T
@ 34
c
(]
g 2-
4 e ol
8
g 1-
-
0 T T L T T L
Saline PTU T3 Saline PTU T3

Figure 2. Luteinizing hormone (LH; A), follicle stimulating hormone (FSH; B), testosterone (C) and free T4 (D) concentrations.

sD

HFD

o 1501
:
2
1004
23 T
S E
2 | - -
£ 50 -
Q
3
©
u o T T T T T T
Saline PTU T3 Saline PTU T3
sD HFD
1.5+
a
- a
-
T 10 T
f=2]
2
=
$ 05 b cd be 4
[T
0.0 T T T T r T
Saline PTU T3 Saline PTU T3
sSD HFD

78

Data are expressed as mean + SEM; ANOVA 2-way test with Tukey post hoc test. 20.¢d indicate groups that differ statistically from

the other groups (p<0.05).
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Figure 3. Number of macrophages (A, C, E) determined by NAG activity, and
number of neutrophils (B, D, F) determined by MPO activity in the testis (A, B),
caput-corpus (C, D) and cauda (E, F) epididymis regions.

Data are expressed as mean + SEM; ANOVA 2-way test with Tukey post hoc test
(p>0.05).
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Figure 4. Concentration of TNFa (A, B), IL1B (C, D) and IL10 (E) in the testis (A,
C) and the epididymis (B, D, E).

Data are expressed as mean + SEM; ANOVA 2-way test with Tukey post hoc

test. 2b¢ indicate groups that differ statistically from the other groups (p<0.05).
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Figure 5. Oxidative stress with lipid peroxidation (A, B), glutathione (GSH) assay
(C, D), total antioxidant capacity (E, F), antioxidant activity (G, H) and superoxide
anion (I, J) in the testis (A, C, E, G and 1), and in the epididymis (B, D, F, H and
J).

Data are expressed as mean + SEM; Kruskal-Wallis test with Dunn post hoc test
(A, D, E and I). ANOVA 2-way test with Tukey post hoc test (B, C, F, G, H and J).
ab indicate groups that differ statistically from the other groups (p<0.05).
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Figure 6. Qualitative histopathological analysis of the testis (A, B), and in the

epididymis caput (C, D) and cauda (E, F) regions.

(A) Presence of multinucleated cells (—) adhered to the internal border in the
germinal epithelium of the seminiferous tubule in the HFD+T3 group; (B)
presence of cells detached from the germinal epithelium (*) in the lumen of the
seminiferous tubule in the HFD+PTU group; (C) presence of immune cells (—) in
the lumen of the caput region in the HFD+T3 group; (D) presence of cells

detached from the epithelium (*) in the lumen of the epididymal duct in the caput
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region in the HFD+T3 group; (E) presence of multinucleated cells (—) in the
cauda region in the LFD+PTU group; (F) presence of inflammatory infiltrate in the
stromal compartment of the cauda region in the LFP+PTU group. L = lumen; Ep

= epithelium; St = stroma; V = blood vas.
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5 CONSIDERACOES FINAIS

Nas condicbes experimentais do presente trabalho, concluimos que a
obesidade associada ou ndo com o hipo ou hipertireoidismo, teve impacto
negativo sobre a producéo espermatica e a estrutura do epitélio epididimario.
Além disso, a condicdo de hipertireoidismo isolada mostrou causar um
desbalanco no feedback regulatério entre os hormoénios reprodutivos
prejudicando a producdo espermatica adequada no testiculo e o correto
funcionamento da espermatogénese. Isto posto, a jungédo da obesidade com o
hipertireoidismo mostrou maior prejuizo ao processo espermatico com variacdes
no perfil inflamatério, e o hipotireoidismo isolado, por sua vez, induziu maior
peroxidacao lipidica no tecido testicular. Este estudo mostra haver uma relacao

entre essas doencas.
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