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RESUMO

A prostata € uma glandula altamente responsiva a alteragdes hormonais e consequentemente ao
envelhecimento, uma vez que individuos idosos apresentam niveis diminuidos de andrégenos.
Uma das respostas da prostata frente ao processo de envelhecimento € o desenvolvimento de
hiperplasia prostatica benigna (HPB). Essa patologia € altamente relacionada com aumento de
inflamacéo e de estresse oxidativo e esses, por sua vez, aumentam durante o envelhecimento.
O uso de terapias alternativas como tratamento para a HPB vem crescendo e tem demonstrado
efeitos benéficos a prostata, sem os danosos efeitos colaterais das drogas sintéticas comumente
utilizadas. Algumas propriedades do 6leo de coco, como antioxidante e anti-inflamatoria fazem
dele um candidato para o tratamento alternativo de doencas prostaticas, e ainda esse 6leo se
mostrou capaz de interferir na HPB induzida por testosterona. Entretanto, até 0 momento, néo
havia nenhum estudo detalhado sobre o efeito do consumo do 6leo de coco durante o
envelhecimento e das respostas morfofisioldgicas na prdstata. Sendo assim, o presente trabalho
avaliou os efeitos do consumo de 6leo de coco durante o envelhecimento na morfologia
prostatica, bem como seus efeitos na HPB espontanea e sua relagdo com fatores intimamente
associados a essa doenca como o processo inflamatério e o estresse oxidativo. Para tal foram
utilizados gerbilos machos adultos submetidos a trés diferentes condi¢cBes experimentais:
animais que ndo receberam nenhum tratamento durante um ano (grupo IC), animais que
receberam agua (0,1ml), em dias alternados, durante um ano (grupo GC) e animais que
receberam 6leo de coco 0,1ml), em dias alternados, durante um ano (grupo CO) e as
administracdes foram via gavagem. Foram realizadas analises morfoldgicas, morfométricas,
estereoldgicas, imuno-histoquimicas, soroldgicas, da expressdo de proteinas, citocinas e
avaliacdo do estresse oxidativo na prostata ventral. Os resultados mostraram que a manipulagéo
dos animais no procedimento de gavagem durante o envelhecimento agravaram as lesdes
prostaticas, aumentaram a expressao de receptores hormonais e aumentam a espessura e a
proliferacdo de células do estroma muscular. Esse procedimento também interferiu na
populacdo de macrofagos e na expressdo de citocinas pro-inflamatorias, metaloproteinases,
além de aumentar o estresse oxidativo. J& 0 consumo de 6leo de coco atenuou ou inibiu essas
alteracdes relacionadas ao envelhecimento e intensificadas pelo procedimento de gavagem.
Assim, o consumo de 6leo de coco durante o envelhecimento resultou em efeitos favoraveis ao

uso desse 6leo como agente fitoterapico no tratamento de HPB.

Palavras-chave: Prostata. Envelhecimento. Hiperplasia. Oleo de coco. Gerbilos.



ABSTRACT

The prostate gland is highly responsive to hormonal changes and thus to aging since elderly
individuals present lower androgen concentrations. One of the prostate responses to the aging
process is the development of benign prostatic hyperplasia (BPH). This pathology is closely
linked to increases in inflammation and oxidative stress, and these both increase during aging.
The employment of alternative therapies as BPH treatment has been growing and has shown
positive effects on the prostate, without the harmful secondary effects caused by the commonly
available synthetic drugs. Some coconut oil properties, such as antioxidant and anti-
inflammatory properties make it a candidate for alternative therapy to treat prostate diseases,
and this oil has been shown to interfere with testosterone-induced BPH. However, until now,
there was no detailed study about the effect of coconut oil consumption over aging and the
morpho-physiological responses on the prostate. Thus, the present study assessed the effects of
coconut oil consumption throughout aging on the prostatic morphology, as well as its effects
on naturally occurring BPH and its interaction with factors closely associated with this disease,
such as the inflammatory process and oxidative stress. For this purpose, adult male gerbils were
submitted to three different experimental conditions: animals without any treatment for one
year (IC group), animals which received water (0.1ml), every other day, for one year (CG
group), and animals which received coconut oil 0.1ml), every other day, for one year (CO
group). We performed a series of analyses of morphological, morphometric, stereological,
immunohistochemical, serological, protein, and cytokine expression and evaluation of
oxidative stress in the ventral prostate. The results showed that animal handling in the gavage
procedure throughout aging aggravated the prostatic lesions, increased the hormone receptor
expression, and increased the thickness and the proliferation of the muscular stroma. This
procedure also influenced the macrophage population and the expression of pro-inflammatory
cytokines, metalloproteinases, in addition to increasing oxidative stress. Coconut oil
consumption, in contrast, attenuated or inhibited these age-related alterations intensified by the
gavage procedure. Thus, coconut oil consumption over aging resulted in supportive data for the

use of this oil as a phytotherapeutic agent in the HPB treatment.

Keywords: Prostate. Ageing. Hyperplasia. Coconut oil. Gerbil.



LISTA DE ILUSTRACOES

Introducéo
Figura 1 — Posicdo anatdmica da prostata

Figura 2 — Desenho esquematico do complexo prostatico e lobos prostaticos de rato
isolados

Figura 3 — Esquema ilustrativo e fotomicrografias do acino e epitélio prostatico
Figura 4 — Esquema dos principais componentes do estroma

Figura 5 — Esquema da ac&o de androgenos e de fatores de crescimento na
proliferacdo e na morte celular prostatica

Figura 6 — Complexo prostatico do Gerbilo da Mongélia adulto em esquema e 6rgao

fresco

Artigo 1

Figura 1 — Lesdes prostaticas observadas em gerbilos idosos

Figura 2 — Componentes fibrilares dos tecidos da préstata

Figura 3 — Anélise da incidéncia e multiplicidade das lesdes na préstata de Gerbilo
da Mongdlia

Figura 4 — Imuno-histoquimica, frequéncia de células positivas para e indice de
proliferacdo de fosfo-histona H3 e TUNEL

Figura 5 — Imuno-histoquimica, frequéncia de células positivas e densidade relativa
do receptor de andrdgeno

Figura 6 — Imuno-histoquimica, frequéncia de células positivas e densidade relativa
do receptor de estrdgeno beta

Figura 7 — Imuno-histoquimica, frequéncia de células positivas e densidade relativa

do receptor de estrogeno alfa

Artigo 2

Figura 1 — Secc0es histologicas da préstata de gerbilo e quantificacdo de focos
inflamatdrios

Figura 2 — Imuno-histoquimica de macrofagos F4/80, CD68, CD163, a ciclo-
oxigenase 2 e STAT-3-fosfatada

Figura 3 — Quantificacdo de células positivas para macrofagos F4/80, CD68,
CD163, a ciclo-oxigenase 2 e STAT-3-fosfatada

49

50

50

51

52

53

54

78

79

80



Figura 4 — Concentracdo de Interleucina-6 e Fator de Necrose Tumoral alfa
Figura 5 — Densidade relativa de metaloproteinases 2, 3 e 9

Artigo 3
Figura 1 — Secc0es e crio-seccOes da prostata de gerbilos; Quantificacao de lipidios
intracelulares e lipofuscina

Figura 2 — Enzimas antioxidantes e indices de estresse oxidativo

Anexo

Figura 1 — Histologia e ultraestrutura da prostata de gerbilos jovens

Figura 2 — Histologia e ultraestrutura da préstata de gerbilos adultos

Figura 3 — Histologia e ultraestrutura da préstata de gerbilos idosos

Figura 4 — Esquema das principais caracteristicas morfologicas de gerbilos em trés
periodos do tempo de vida

81
81

93

94

124

125

126
127



LISTA DE TABELAS

Artigo 1
Tabela 1 — Parametros biométricos e enddcrinos de gerbilos dos diferentes

grupos experimentais
Tabela 2 — Parametros morfol6gicos de Gerbilos da Mongélia dos diferentes

grupos experimentais

Artigo 3
Tabela 1 — Perfil lipidico dos diferentes grupos experimentais

47

48

92



AR
CML
CP
DHT
ERO
ERa
ERB
HPA
HPB
HPG
MEC
MMP
PAP
PIN
PSA

LISTA DE ABREVIATURAS E SIGLAS

Receptor de androgeno

Células musculares lisas
Cancer de prostata
Di-hidrotestosterona

Espécie reativa de oxigénio
Receptor de estrogeno tipo alfa
Receptor de estrogeno tipo beta
Hipotaldmico-pituitario-adrenal
Hiperplasia prostatica benigna
Hipotalamico-pituitario-gonadal
Matriz extracelular
Metaloproteinase

Fosfatase acida prostatica
Neoplasia intraepitelial

Antigeno prostatico especifico



SUMARIO

1 INTRODUGAO ......ooeeeececeeeee ettt 16
1.1 A PKOSTALA ..ottt re e neas 16
111 CaraCteriStiCas GEIAIS ........ereuirerieirierieieieeie ettt et sae s 16
1.1.2  Controle hormonal..........oooiiiiiiiii s 20

1.2 Hiperplasia Prostatica BENIgNa ..........ccccvvveiiiiiiiiieie e 21
121 INFIAMAGAOD ..o s 22
1.2.2  ESIreSSE OXIAALIVO ......eiviiiiiiiiiieiieie ettt sttt 22
1.2.3  EStresse PSICOIOQICO ....ccveiuiiieiiieie ettt 23

1.3 Gerbilo da MONQOIA........cooiiiiiiiiee e s 23
B 1 (0] (] =Y o - LTS U PO PO PP U PP PR PTT PR PRPRORON 25
R @] 1= I L= ! Lo J TR 25

AN 1O 3 I | 1O N N Y SR 26
HIPOTESE ..ottt 27
OBUJIETIVO ..ttt bbbt s ettt ene bt e neanenes 28

R O o] =) (Vo C -] - SRS PS 28
4.2 ODbjJetivos ESPECITICOS ....cviiviiiiicieciece ettt 28

5 RESULTADOS . ......coo ittt sttt se ettt ettt nearennens 29
5.1 Capitulo 1 — Artigo L. .o 30
5.2 Capitulo 2 — AFtigO 2. ..ot 55
5.3 Capitulo 3 — ArtigO 3. ..o 82

6 CONSIDERACOES FINAIS E CONCLUSAO ......c.cooeveveveieeeeeeeeeeeeevee s 95
REFERENCIAS ..ottt 96



16

1 INTRODUCAO
1.1 A Préstata

1.1.1 Caracteristicas gerais
Um dos resultados da evolugéo do sistema reprodutivo e da competicdo de espermatozoides

como pressao seletiva foi o surgimento da préostata (RAMM; PARKER; STOCKLEY, 2005).
A proéstata é 6rgdo do sistema genital masculino é do tipo glandular e sua secrecdo é
fundamental para o sucesso reprodutivo (MARKER et al., 2003a), uma vez que garante aos
espermatozoides condi¢des ideais de sobrevivéncia e viabilidade durante e apés a ejaculacao
(TABOGA,; VILAMAIOR; GOES, 2009). Nas Gltimas décadas diversos estudos tém revelado
que essa glandula ndo é exclusiva do organismo masculino, sendo encontrada em fémeas de
diversos mamiferos, incluindo humanos (SANTOS; TABOGA, 2006; WHIPPLE, 2002). No
homem e na maioria dos animais, este 6rgéo € localizado préximo ao colo da bexiga e a uretra,
possui um componente glandular e um muscular (Fig.1) que permite realizar sua funcéo de
produzir e liberar a maior fracdo do fluido seminal (ALUKAL; LEPOR, 2016;
UNTERGASSER; MADERSBACHER; BERGER, 2005).

Figura 1. Posicdo anatémica da prostata,
localizada abaixo da bexiga e circundando a
uretra. Em humanos, a prostata é dividida
em zona central (cz), transicional (tz) e
periférica  (pz), além das regides
fibromuscular (fz) e periuretral (pgr). Fonte:
Modificado de (VERZE; CAl;
LORENZETTI, 2016) .

» | pgr Periurethral gland region

A prostata apresenta morfologia varidvel entre as classes de mamiferos, em roedores, por
exemplo, lobos distintos bilateralmente simétricos compdem o complexo prostatico que
circunda a uretra na base da bexiga, sdo designados como o lobos ventral, lateral, dorsal e ainda,
associados as glandulas seminais, o lobo anterior ou glandula coaguladora (PRICE, 1963) (Fig.
2). O lobo ventral é o componente mais utilizado do complexo prostatico em estudos para
compreender a biologia da proéstata (JESIK; HOLLAND; LEE, 1982). Essa preferéncia deve-
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se ao seu tamanho, a sua sensibilidade & agdo de andrégenos, e maior incidéncia de hiperplasia
e outras lesdes nesta regido da prostata (BANERJEE et al., 1998; SHAPPELL et al., 2004).

A Ductus deferens

Seminal /[m

vesicle ~

Anterior
prostate

Ventral ~
prostate

dorsolatcrg&/ ("' -

proﬂate(

, Dorsal
/ i prostate

Lateral L_J el

prostate Z——— Urethra

Figura 2. A: Desenho esquematico do complexo prostatico de rato circundando a bexiga. B:
Lobos prostaticos de rato isolados. Fonte: (AHMAD; SANSOM; LEUNG, 2008; MARKER et
al., 2003b)

A prostata é classificada histologicamente como uma glandula tdbulo-acinar composta,

ventral prostate

formada pelos compartimentos epitelial e estromal, que apresentam fungbes e populagdes
celulares distintas, mas conservadas entre diferentes espécies como roedores, morcegos e
humanos (ALBERNAZ et al., 2021; OLIVEIRA et al., 2016; VERZE; CAl; LORENZETTI,
2016). A atividade secretora da prostata ocorre principalmente na porcao alveolar, entretanto
0s ductos tambem podem secretar alguns componentes para o conteudo final da secrecdo
prostatica (REESE et al., 1986). A secrecdo e sintetizada em um epitélio, organizado em acinos,
composto de quatro tipos de células: basal, secretora, intermediaria e neuroenddcrina que sao
dependentes de hormonios esteroides e reagem diferentemente a cada um. As células secretoras
s8o os tipos mais frequentes e a elas compete a sintese e secre¢do de proteinas como 0 antigeno
prostatico especifico (PSA) e a fosfatase &cida prostatica (PAP) (MARKER et al., 2003b;
RISBRIDGER; TAYLOR, 2006). Na maioria dos mamiferos, as células basais se localizam

entre o epitélio secretor e a membrana basal e sdo fonte progenitora das células secretoras, ja
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as células neuroenddcrinas sdo pouco frequentes e podem ser diferenciadas por técnicas
especificas de coloragdo (MARKER et al., 2003a; REBELLO et al., 2021). Apesar das células
secretoras, basais e as neuroendocrinas diferirem quanto a regulacdo hormonal, todas estdo
envolvidas na secrecdo de proteinas e substancias de baixo peso molecular que também
compdem o fluido prostatico (BONKHOFF; REMBERGER, 1998). As células epiteliais sdo
separadas do estroma por uma lamina basal (CZYZ; SZPAK; MADEJA, 2012) (Fig3).

Os acinos secretores e ductos sdo envoltos por um estroma conjuntivo ricamente vascularizado
(DE CARVALHO; TABOGA; VILAMAIOR, 1997). O estroma prostatico consiste em um
arranjo complexo de células musculares lisas (CML), que sofrem contracdo no processo de
gjaculacdo (ROSS; PAWLINA, 1979), e fibroblastos imersos em uma matriz extracelular
(MEC) (TUXHORN; AYALA; ROWLEY, 2001). Além de desempenhar um papel estrutural
a CML e os fibroblastos séo essenciais para a manutencdo da homeostase da préstata, uma vez
que produzem fatores autocrinos e paracrinos que regulam diversos processos fisioldgicos no
estroma (MARKER et al., 2003a; ROCHEL et al., 2007b). A atividade dessas células estromais
mantém a estrutura basica da MEC sintetizando proteoglicanos (KOFOED et al., 1990),
componentes de fibras colagenas e elasticas (DE CARVALHO; TABOGA; VILAMAIOR,
1997; VILAMAIOR et al., 2000) e metaloproteinases de MEC (MMPs) (KIANI et al., 2020)
(Fig.4). Neste compartimento também se encontram células fagocitarias, como macréfagos e
células endoteliais vasculares, além de telocitos, um tipo celular que faz intercomunicacéo entre
as células estromais e participa do desenvolvimento e manutencdo da prostata (SANCHES et
al., 2017, 2021). O epitelio e o estroma compartilham caracteristicas comuns em diferentes
animais, independentemente de variacdes anatdbmicas da glandula, sendo assim, € possivel fazer
homologias e analogias morfo-funcionais entre animais de laboratério e o homem (PRICE,
1963).
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Figura 3. A: Na parte superior € mostrado o esquema ilustrativo do &cino prostatico composto
por células epiteliais (indicadas como células luminais), basais, e neuroenddcrinas dispostas
sobre uma lamina basal, e a secrecdo é armazenada no limem; na parte inferior € mostrado um
acino em um corte histologico da prostata de Gerbilo da Mongdlia corado com HE. B: Esquema
do epitélio secretor composto por células epiteliais (células luminais), basais, intermediarias e
neuroendocrinas. Abaixo do epitélio é mostrado a lamina basal e o estroma contendo células
musculares lisas, fibroblastos e células endoteliais. Abaixo € mostrado o epitélio e estroma em
um corte histolégico da prostata de Gerbilo da Mongélia corado com HE. Fonte:Arquivo
pessoal e (REBELLO et al., 2021) modificado.
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Figura 4. Esquema dos principais componentes do estroma e do epitélio. Fonte: Modificado
de (BARRON; ROWLEY, 2012)
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1.1.2 Controle hormonal
A prostata é regulada e dependente de androgenos para o desenvolvimento, durante a

embriogénese, e para sua manutencdo ao longo da vida (MARKER et al., 2003a). A producéo
desses hormonios € regulada pelo eixo hipotalamico-hipofisiario-gonadal (CUNHA et al.,
2001; MARKER et al., 2003a) e eles agem em ceélulas alvo da préstata por meio da interacédo
com 0s seus respectivos receptores hormonais especificos, como os receptores de andrégeno
(AR) e os receptores de estrogeno (HSING; REICHARDT; STANCZYK, 2002). O principal
horménio andrégeno com interacdo prostatica é a di-hidrotestosterona (DHT) que é resultante
da conversao da testosterona pela enzima 5-a-redutase e, junto com a testosterona, ligam-se ao
AR e ativam a maquinaria de transcri¢do de genes relacionados a atividades como crescimento
celular, produgéo de PSA entre outros (TABOGA; VILAMAIOR; GOES, 2009). Sendo assim,
a expressdo desse receptor, juntamente com os niveis de andrégenos, € responsavel por
controlar arazao entre proliferacdo e morte celular (TAN et al., 2015). Nesse cenério a atividade
da 5-a-redutase tem papel fundamental no controle da proliferacdo celular prostética e
consequentemente na modulagdo da hiperplasia dos compartimentos estromais e epiteliais
(BECHIS et al., 2014).

Além dos andrdégenos, os estrégenos também controlam a fisiologia da prostata, uma vez que
expressa receptores de estrdgenos do tipo alfa (ERa) e do tipo beta (ERB) (MCPHERSON;
ELLEM; RISBRIDGER, 2008). Além da expressdo desses receptores, na préstata também
ocorre a sintese de estrogeno por efeito da atividade da aromatase (CYP19) que converte
testosterona em estradiol (GRINDSTAD et al., 2016). A participacdo dos estrogenos no
controle da biologia prostatica é apontada como um dos fatores potenciais de risco associados
ao desenvolvimento de hiperplasia prostatica benigna (HPB) e céncer de préstata (CP)
(HENDERSON; FEIGELSON, 2000). Essa capacidade é diretamente relacionada com os
niveis da expressdo dos receptores ERa e ERpB e as diferentes respostas desencadeadas apos a
ligagdo dos horménios com mesmos (CHOI et al., 2016). No tecido prostatico, 0 aumento da
expressao de ERa € associado a proliferagdo celular anormal e inflamacdo, ja para o ERp €
atribuido um papel anti-proliferativo e anti-inflamatorio (ELLEM; RISBRIDGER, 2009).

Durante o envelhecimento os niveis de testosterona diminuem (HARMAN et al., 2001). Uma
das consequéncias dessa alteragcdo hormonal € o comprometimento da dinamica celular, ou seja,
do equilibrio entre proliferacdo e morte e acarretar no desenvolvimento de HPB que
compromete a funcionalidade do sistema urinario, alem de estar relacionada a iniciagdo do
processo carcinogénico (BONKHOFF; REMBERGER, 1998). Em adicéo, alteragdes nos niveis
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androgénicos interfere em fatores de crescimento que podem estimular ou inibir, dependendo
da situacdo, a divisdo e a diferenciagdo celular (ROEHRBORN, 2008a) (Fig. 5). As
consequéncias do envelhecimento na morfologia da prostata vao desde alteracbes dos
componentes estromais, como alteraces no arranjo de fibras colagenas e elasticas, alteracdes
intracelulares, como aumento de acumulo lipidico e de lipofusina, até o desenvolvimento de
leBes prostaticas como neoplasias intraepiteliais (PIN), atrofias e carcinomas microinvasivos
(CAMPOS et al., 2008).
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Figura 5. Esquema da acdo de andrdgenos e de fatores de crescimento na proliferacdo e na
morte celular prostatica em condi¢es normais (A) e na HPB (B) Fonte:(ROEHRBORN, 2008).

1.2 Hiperplasia Prostatica Benigna

A HPB é uma doenca que afeta mais de cinquenta por cento dos homens com mais de cinquenta
anos de idade (EGAN, 2016), sendo assim, dezenas de milhdes de homens nessa faixa etaria
em todo o mundo possuem HPB e os dados epidemiologicos nos Estados Unidos, Europa e
outras regides sugerem que a incidéncia e prevaléncia dessa condi¢cdo aumentara em um futuro
proximo devido ao envelhecimento da populagdo e o aumento da prevaléncia de sindrome
metabdlica e seus componentes (PATEL; PARSONS, 2014). Em geral, os dados da literatura
sugerem que a patogénese da HPB ¢ influenciada por diferentes mecanismos hormonais, em

particular: os andrégenos e a atividade de seus receptores, a funcéo dos fatores de crescimento
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e a importancia do metabolismo do estrogénio, porem outros aspectos devem ser considerados,
como inflamagdo cronica e os efeitos da sindrome metabdlica (LA VIGNERA et al., 2016;
NGAI et al., 2017).

1.2.1 Inflamagéo
A Inflamacgéo e seus mediadores sdo relacionados diretamente com a HPB (DE NUNZIO;

PRESICCE; TUBARO, 2016) e as células inflamat6rias e seus produtos comumente
associados com HPB s&o observadas no CP (KRUSLIN et al., 2017). O aumento da populacéo
de células inflamatorias como linfécitos B e T na préstata, aléem da ativacdo de citocinas que
aumentam a concentracdo de fatores de crescimento podem contribuir para o desenvolvimento
da HPB (GANDAGLIA et al., 2017). J& os macrofagos desempenham um papel decisivo na
imunidade inata e adaptativa e sdo cruciais no controle da resposta inflamatdria e no processo
de reparacdo e homeostase tecidual (VARIN; GORDON, 2009). Nesse cenario, alteracdes no
ambiente prostatico induzidas pela inflamacéao levam a varias mudancas na expressao génica e
subsequentemente resultam em inflamag&o cronica, isso contribui para mudangas na estrutura
da prostata e para surgimento dos sintomas relacionados a HPB (TAOKA; KAKEHI, 2017).
Estudos sugerem fortemente que a HPB € uma doenca inflamatoria imunoldgica (KRAMER,;
MARBERGER, 2006) e que a inflamacdo prostatica deva ser considerada um novo campo na
pesquisa béasica e clinica em pacientes com HPB, assim como alvo para novas estratégias de
tratamento (DE NUNZIO; PRESICCE; TUBARO, 2016).

1.2.2 Estresse Oxidativo
O aumento do estresse oxidativo, ou de espécies reativas de oxigénio (EROs), deve ser

considerada no estudo da HPB, uma vez que desempenha um papel importante nessa
patogénese (ZABAIOU et al., 2016). Em condicdes fisioldgicas normais, a producdo de EROs
é uma condicdo normal e leva a maior fosforilacdo de I-kpB (Inibidor de Kappa Beta) e
translocacdo do NF-kp (Fator Nuclear Kappa Beta) para o nucleo, resultando na transcricéo de
enzimas antioxidantes e a manutencdo do equilibrio (TOMAS-ZAPICO; COTO-MONTES,
2005). O estresse oxidativo € definido como uma interrupcdo do equilibrio entre moléculas
oxidantes e redutoras devido a producdo excessiva de EROs, sendo que esse desequilibrio leva
ao dano oxidativo do DNA e fornece uma condicéo favoravel para a etiopatogenia de diversas
doencas incluindo prostaticas (KAYA et al., 2017). Nesse aspecto, sabe-se que 0 aumento do
estresse oxidativo afeta todas as fungdes e processos celulares, incluindo replicacdo do DNA e

divisdo celular, e respostas inflamatdrias, sendo considerado, portanto, um dos mecanismos que
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desencadeiam reacOes envolvidas no desenvolvimento e progresséo da HPB (UDENSI,
TCHOUNWOU, 2016).

1.2.3 Estresse Psicoldgico
Além de fatores fisioldgicos relacionados a HPB ja bem estabelecidos, como inflamacéo e

EROs, outra tematica ainda pouco elucidada tem chamado a atencdo. O estresse psicologico é
apontado como um agente causador de HPB por promover hiperatividade do sistema nervoso
simpatico (SNS) e como consequéncia interferir no controle de proliferacdo e morte celular
(HUANG et al., 2009; ULLRICH; LUTGENDORF; KREDER, 2007). Além disso, ha indicios
que o estresse psicoldgico também interfira no eixo hipotalamico-pituitario-gonadal (HPG)
(ULLRICH et al., 2005). Dados recentes mostram que ha uma relacdo entre o envelhecimento
e 0 estresse psicologico, e essa relacdo influencia na progressao do PC por acdo inflamatéria
(BELLINGER et al., 2021). Entretanto, estudos que induzem estresse em animais estao
sujeitos a muitas varidveis expostas durante os experimentos, como a interferéncia do
envelhecimento no eixo hipotalamico-pituitario-adrenal (HPA), que interferem nos dados
obtidos (GRAY; CHAOULOFF; HILL, 2015). Nesse cenario, a literatura que aborda os efeitos
diretos do estresse psicolégico na prostata € escassa, revelando um campo intrigante e pouco

explorado.

1.3 Gerbilo da Mongdlia
O Gerbilo da Mongdlia (Meriones unguiculatus), uma espécie que pertence a familia Muridae

e subfamilia Gerbillinae, é um roedor de pequeno porte com peso de aproximadamente 70
gramas em idade adulta. S&o animais de origem desértica e de simples manutencdo em cativeiro,
uma vez que apresenta comportamento docil e se adaptam a diferentes condicOes
(BATCHELDER et al., 2012; FISHER; LLEWELLYN, 1978). O emprego desse roedor como
modelo experimental tem sido considerado em diversas areas, como fisiologia
(KHAKISAHNEH et al., 2019), genética (RAZZOLI et al., 2003) e comportamental (DENG;
LIU; WANG, 2017). Outra area em que o gerbilo se mostra com um bom modelo experimental
é a da reproducdo, sendo utilizado em estudos de mama (LEONEL et al., 2020), testiculo
(PINTO-FOCHI et al., 2016) e prostata (GUERRA et al., 2019).

A prostata do gerbilo é parecida com as de outros roedores e € constituida pelos lobos ventral,
anterior, dorsal e dorsolateral que estdo associados a uretra (Fig.6) (ROCHEL et al., 2007a).
Dentre os lobos da prostata de gerbilo, o lobo ventral € o mais estudado e é altamente responsivo
aos niveis androgénicos, tanto em fémeas quanto em machos (CORDEIRO et al., 2008).

Considerando os principais aspectos envolvidos na HPB, o Gerbilo da Mongélia é um modelo
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muito interessante para o estudo dessa doenca, posto que nesse animal ha um aumento de ERO
e também na suscetibilidade ao dano oxidativo durante o envelhecimento (SOHAL,;
AGARWAL,; SOHAL, 1995). Além disso, esse animal apresenta HPB e PIN espontaneas
quando idoso (CAMPOS et al., 2008; PEGORIN DE CAMPOS et al., 2006) e possui uma
singularidade para estudos de metabolismo lipidico que é a relativa facilidade com que
desenvolve hiperlipidemia em resposta a dieta, caracteristica ndo compartilhada por outros
roedores comumente utilizados (NICOLOSI et al., 1981).

DLL

Figura 6. Complexo prostatico do Gerbilo da Mongdlia adulto em esquema de vista lateral (A)
e dorsal (A) e do 6rgao fresco em vista ventral (C) e dorsal (D). Bexiga urinaria (BL); glandula
coaguladora ou lobo anterior (CG); lobo dorsal (DL); lobo dorsolateral (DLL); vesicula seminal
(SV); uretra pélvica e masculo uretral (UR); lobo ventral (VL). Fonte: (ROCHEL et al., 2007b).
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1.4 Fitoterapia
O crescente aumento de op¢des no mercado farmacéutico, torna a prescricdo da terapia médica

apropriada para pacientes com HBP uma tarefa cada vez mais complicada, uma vez que 0
equilibrio final entre eficiéncia, efeitos adversos e custos é muitas vezes dificil de alcancar
(SHUM; LAU; TEO, 2017). Nesse contexto, além das drogas sintéticas anti-androgénicas,
comumente indicadas para o tratamento de HPB e complicacGes do trato urinério correlatas ao
longo das Ultimas décadas (LAM; ROMAS; LOWE, 2003), medicamentos complementares e
alternativos, como os fitoterapicos entraram em cena como uma op¢ao de tratamento para BPH
(KEEHN; TAYLOR; LOWE, 2016).

Cerca de trinta compostos fitoterapéuticos sdo utilizados tanto para “manter uma prostata
saudavel” quanto para o tratamento da HBP, como Serenoa repens, Hypoxis rooperi, Secale
cereale (WILT et al., 2000), e seus mecanismos de acdo variam desde anti-androgénicas até
antioxidantes e anti-inflamatorias (ADARAMOYE et al., 2017; JEON et al., 2017; KEEHN;
TAYLOR; LOWE, 2016). Dentre as possibilidades de fitoterapicos, um que chama a atencéo é
0 0Oleo de coco, em razao de ser apontado como responsavel por reduzir o aumento da glandula
prostatica em animais com HPB induzida apos tratamento com testosterona (DE LOURDES
ARRUZAZABALA et al., 2007).

1.4.1 Oleo de coco
O o6leo de coco, obtido da espécie Cocos nucifera, € um alimento funcional emergente,

comumente utilizado como medicina tradicional e um suplemento dietético no sul da india e
muitos outros paises tropicais. Esse 6leo é relatado como responsavel por reverter a condi¢éo
de lipotoxicidade no figado e melhorar a resisténcia a insulina (NARAYANANKUTTY et al.,
2017). No que diz respeito a sua composicao, este 6leo é considerado saturado, pois apresenta
cerca de 90% de acidos graxos dessa natureza sendo o &cido laurico o lipidio mais abundante
(AKPAN et al., 2006), seguido dos acidos miristico, palmitico, caprilico, cprico e esteérico
(SHAHIDI; AMBIGAIPALAN, 2015). Entretanto. h4 uma pequena fracdo de compostos
insaturados (cerca de 9%), que compreendem os acidos oleico e linoleico e estes sdo
constituintes importantes das células, envolvidos na funcdo celular, e podem interferir na
fluidez da membrana e regular a sinalizacdo celular, a expressdo génica e a inflamagéo
(CALDER, 2008). Alguns desses componentes do 0leo de coco ainda possuem atividade
antioxidante (YEAP et al., 2015), e sdo capazes de alterar o perfil lipidico sérico (RESENDE
etal., 2016).
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2 JUSTIFICATIVA
Atualmente a literatura revela que diversos fatores influenciam no processo de desenvolvimento

e progressdo de HPB. Entre esses fatores, alguns sdo bem estabelecidos, como 0s niveis
hormonais e a expressdo de receptores androgénicos e estrogénicos (PRINS, 2008;
ROEHRBORN, 2008b). Outras condi¢cdes que modulam o desenvolvimento e a progressao
dessa patologia s&o a inflamac&o e o estresse oxidativo (KRUSLIN et al., 2017; ZHAO et al.,
2021). Ha ainda fatores pouco elucidados, como o estresse psicolédgico, capazes de interferir na
HPB (ULLRICH et al., 2005). Considerando a suscetibilidade dessa doenca a tantas variaveis
fisioldgicas, é consideravel a diversidade de estudos sobre possiveis terapias para sanar esse
problema que atinge mais de 50% dos homens com mais de 50 anos de idade. Nesse contexto,
0 estudo de possiveis agentes fitoterapico como tratamento para a HPB tem aumentado
(KEEHN; TAYLOR; LOWE, 2016). O éleo de coco, que tem sido amplamente utilizado como
suplementacdo alimentar, apresenta componentes que tém sido alvos de estudos por interferir
em vias associadas a HBP e sua administracdo em animais com HPB mostrou-se capaz de
reduzir o peso prostatico absoluto (DE LOURDES ARRUZAZABALA et al., 2007).
Entretanto, até 0 momento ndo ha nenhum estudo sobre o resultado do consumo de 6leo de coco
durante o envelhecimento na HPB e em as condi¢des fisioldgicas que interferem nessa

patologia, como inflamacao e estresse oxidativo.
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3 HIPOTESE
Este trabalho teve como hipdtese que o consumo de 6leo de coco durante o envelhecimento

influencie o desenvolvimento de HPB, bem como em condigfes associadas a esta patologia,
como inflamacé&o e estresse oxidativo.
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4 OBJETIVO

4.1 Objetivo Geral
O presente trabalho tem como objetivo geral avaliar os efeitos do consumo de 6leo de coco

durante o envelhecimento na morfologia prostatica de Gerbilos da Mongdlia bem como seus

efeitos na hiperplasia prostatica benigna espontanea.

4.2  Objetivos especificos
e Avaliar a morfologia e expressdo de receptores hormonais na prostata, além dos niveis

hormonais séricos de animais que envelheceram consumindo 6leo de coco e sob
procedimentos de manipulacdo e gavagem.

e  Verificar o status inflamatorio da préstata dos animais submetidos aos procedimentos
experimentais e tratados com 6leo de coco.

e Analisar o efeito do consumo de 6leo de coco e da manipulacdo experimental no perfil

oxidativo e metabélico dos animais.
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5 RESULTADOS
Os resultados do presente trabalho estdo apresentados em trés capitulos em forma de

manuscritos, além disso é apresentado um capitulo extra, em anexo:
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5.1 Capitulo 1 - Artigo 1.
Sera submetido a revista “Brain, Behavior, and Immunity”

Coconut oil mitigates the effects of chronic stress on the prostate of gerbils.

Luiz Henrique Alves Guerra®, Nayara Fernanda Costa Castro’, Fernanda Costa Jubilato?, Ellen
Cristina Rivas Leonel?, Silvana Gisele Pegorn Campos®, Marilia Freitas Calmon?, Paula Rahal?,

Sebastido Roberto Taboga®, Patricia Simone Leite Vilamaiort*.

! Department of Biological Sciences, Institute of Biosciences, Humanities and Exact Sciences,
Sao Paulo State University (UNESP), Sao José do Rio Preto, S&o Paulo, Brazil.

2 Department of Histology, Embryology, and Cell Biology, Federal University of Goias,
Campus Il, Samambaia, Goiania, Goias, Brazil.

*Correspondence: patricia.vilamaior@unesp.br (Dr Patricia Simone Leite Vilamaior).
Department of Biological Sciences, Institute of Biosciences, Humanities and Exact Sciences,
Sdo Paulo State University (UNESP), Rua Cristovao Colombo 2265, Jardim Nazareth, 15054-

000, Sao José do Rio Preto, Sao Paulo, Brazil.

Abstract

Despite of benign prostatic hyperplasia (BPH) association with aging and inflammation, it is
also influenced by chronic psychological stress which requires new strategies to minimize its
impact on BPH. This work evaluated the coconut oil intake efecct on the prostate of aging
gerbils under chronic stress conditions. For this purpose, three experimental groups were
assigned: intact control, stress control and stress nourished with coconut oil. Gavage procedure
was performed in alternate days, as chronic stress inducer, for one year. Cortisol, testosterone
and estradiol serum levels were determined. Histopathological analysis, cell proliferation index
(TUNEL and P-H-H3) and receptors of androgen and estrogen were evaluated on the prostate.
The chronic stress induced by gavage aggravated prostatic lesions, increased androgen receptor
(AR) and estrogen receptor alpha (ERa) expression. Coconut oil intake attenuated the stress-

induced alterations in addition to increase apoptosis rate in the prostatic cells. In conclusion,
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chronic stress aggravated prostate lesions, such as BPH, whereas coconut oil treatment
throughout aging mitigated the stress impacts on prostate health.

Keywords: Chronic stress; Ventral Prostate; Aging; Benign prostatic hyperplasia.

Introduction

The elderly population is increasing and it is expected that by 2050, sixteen percent of the global
population will be over the age of 65 [1]. Aging is a complex process, highly variable among
different species and strongly controlled by many genes, being susceptible to several factors
[2]. Some lifestyle-related risk factors, such as smoking, alcohol consumption, and lack of
physical activity, are pointed out as "aging accelerators” [3], including psychological chronic
stress [4, 5]. Therefore, the search for improvements in the aging process has grown in recent

decades.

Benign prostatic hyperplasia (BPH) is an aging-related disease and affects more than fifty
percent of men over 50 years old [6], and, recent trends in the United States, Europe, and other
regions suggest that its incidence and prevalence will increase due to increase in elderly
population [7]. The BPH is influenced by several hormonal mechanisms, in particular, the
androgens and their receptors activities, growth factors, estrogen metabolism, chronic
inflammation and metabolic syndrome [8]. However, the association of stress and other
psychological factors with BPH and lower urinary tract symptoms (LUTS) is not clear yet [9].
Chronic stress is pointed as a potential promoter of BPH in rats by overactivation of the
sympathetic nervous system (SNS) and interference in epithelial proliferation [10]. In addition,
social stress has also been reported as a plausible factor that affects prostate-specific antigen
(PSA) levels [11].

The search for new strategies BPH treatment has increased and over the last decades,
complementary and alternative medicines like phytotherapics agents have emerged [12].
Among them, coconut oil has been shown to reduce prostate gland enlargement in animals with
testosterone-induced BPH, as observed in adult Sprague-Dawley rats [13], the cortisol levels in
guinea pigs [14] and to interfere with depressive behavior in prenatally stressed rodents [15].
However, up to date, there are no evidence of its impact on psychological stress and BPH.
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The use of animal models in stress research is complex since several conditions could interfere
in the results, including animal handling and drugs administration [16]. Research concerning
drug effects on stress-dependent BPH presents limitations in control groups, since the
experimental condition of induced hyperplasia often interferes on the animal stress. An
alternative solution to this limitation is the use of experimental models that develop BPH
spontaneously. Mongolian gerbil (Meriones unguiculatus) represents an appropriate model to
investigate the effects of different drugs as well as handling animals effects during the
experimental procedures in BPH, since such rodents develop BPH, prostatic lesions and
adenocarcinomas spontaneously along aging [17, 18]. In addition, gerbils increase cortisol
levels in stressful conditions. Therefore, this work aimed to evaluate the animal handling-

related stress and the coconut oil effect on gerbil prostate throughout aging.
Materials and Methods
Experimental design and sample collection

Animals were breed and raised at Institute of Biosciences, Letters and Exact Sciences /Sao
Paulo State University (IBILCE/UNESP) with approval and in compliance with the institutional
ethics committee guidelines (183/2018- CEUA- Sao José do Rio Preto). Animals were kept in
ventilated mini-isolators (two animals per box) under controlled light and temperature
conditions (12h light/12h dark - 24°C) with water and chow ad libitum. For the experiment, 36
male Mongolian Gerbils were distributed equally into 3 groups: Intact control (IC): animals that
did not undergo to any restrain or stress induction; Gavage control (GC): at the end of adulthood
(100 days of age) animals were restrained for 30 seconds and received 0.1 ml of water by
gavage; Coconut oil (CO): at the end of adulthood (100 days of age) animals were restrained
for 30 seconds and received 0.1 ml of coconut oil (dose equivalent to 13ml for an adult man
weighing 80kg [19]) by gavage. GC and CO groups received oral gavage on alternate day
regimen for one year and were euthanized at 465 days of age. Gavage was performed by
introduction of a reusable appropriate needle deep into the esophagus in non-anesthetized
animals under restrainment condition. At the end of the experiment, animals were euthanized
by deep anesthesia, weighed for biometric analysis, decapitated for blood collection and
prostate harvested entirely. The blood was centrifuged, and serum stored at -80°C. Prostates
were weighed, and ventral lobes used for morphological and protein analysis. Tissues were
either frozen immediately in liquid nitrogen (n=6) or fixed by immersion in 4% formaldehyde

prepared in phosphate buffer, pH 7.2, for 24h (n=6). Following the formaldehyde fixing
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process, samples were washed with distilled water, dehydrated in an alcohol battery,
immediately processed, and included in Histosec (Merck, Germany).

Hormonal analysis

Cortisol, testosterone, and 17-p-estradiol serum levels were quantified by enzyme-linked
immunosorbent assay using high sensitivity specific commercial kits (IBL International; items
number 52061, 52151, and 52041 respectively) according to the manufacturer’s instructions

and the readings determined in a microplate reader (TECAN - Infinite F50).
Morphological analysis

Tissues were sectioned at 4um, and slides stained with hematoxylin-eosin (HE) for general
histology. Stromal fibrillary components were accessed using the following staining methods:
for collagen fiber analysis, slides were stained with Picrosirius Red; for reticular fiber, with
Gomori’s reticulin; and, for the elastic fiber, with Weigert’s resorcin-fuchsin method. Slides
were analyzed with an Olympus BX60 light microscope (Olympus, Japan), and the images
digitized with DP-BSW V3.1 (Olympus, Japan) and Image-ProPlus 6.1 software (Media
Cybernetics, Silver Spring, MD). The relative frequency of prostatic compartments (epithelium,
lumen, smooth muscle layer (SML), non-muscular stroma, and blood vessels) and stromal
fibrillar components (collagen and elastic fibers) were obtained with M130 multipoint test
system Weibel, 1978 [20] using 30 random fields per group. Height of the secretory epithelial
cells (um) and thickness of the smooth muscle layer (um) were assessed in the histological

sections using 200 measurements for each experimental group.
Incidence and multiplicity of lesions

Prostatic proliferative disorders incidence and multiplicity rates were obtained by
histopathological analysis of 3 slides, from different histological depths, from each animal
(n=18/group) and tissue sections examined by investigators blindly. Samples were stained by
HE and digitized at x400 magnification using the slide scanner system (Olympus VS120 - S5).
Prostatic lesions classification was based on the well-established criteria of Bar Harbor [21],
previously applied in the Mongolian gerbil [18, 22, 23]. The incidence was calculated as % =
(number of animals with changes /number of animals per group), while the multiplicity as
(number of changes in each animal / number of slides). The following prostatic lesions were
considered: prostatic epithelial hyperplasia (PEH) - area of the epithelium with cell aggregation,
stratification, and irregularly shaped cells; grade I intraepithelial neoplasia (PIN I) - areas with
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clustering of cells with enlarged nuclei of varying size, dense chromatin, and an occasional
large and prominent nucleolus.; grade Il intraepithelial neoplasia (PINII) - Similar to PIN | but
with nuclei exhibiting strongly dense chromatin and frequently large nucleoli, basal cell
discontinuity, and invasion of other prostatic compartments without muscular stroma
disruption; cribriform intraepithelial neoplasia (PINC) - epithelium exhibiting PIN
characteristics but displayed as micro-acini.; atrophy (ATR) - area with thinning of the
epithelium and muscular stroma; microinvasive carcinoma (MC) - similar to PIN 11 but with
microvessels and rupture of the adjacent muscular layer confirmed by immunohistochemistry

staining for a-actin and reticular fibers disruption.
Cell proliferation index

Immunohistochemistry was performed for P-H-H3 as a marker of cell proliferation, according
to the procedures described in the section "Immunohistochemistry” mentioned thereafter. To
access the apoptosis rate, TUNEL assay was performed with ApopTag® commercial kit (Plus
peroxidase in situ apoptosis detection kit- S7101- Merck, CA, USA) to detect DNA
fragmentation following the manufacturer’s instructions. Apoptosis and proliferation
frequencies were determined as the ratio of marked cells to the number of total cells. At least
6000 cells were counted in the epithelium and smooth muscular layer per group. The
proliferation index was assessed by the frequency of proliferation to apoptosis ratio (P-H-
H3/TUNEL).

Hormonal receptor expression analysis

Androgen receptor (AR) and estrogen receptors alpha and beta (ERa and ER[) expression were
assessed by immunohistochemistry and western blotting. Positive cells frequency was
determined by the ratio immunolabeled cells to the total number of cells of the epithelium and
smooth muscular layer. Protein quantification was determined by relative density to GAPDH
using ImageJ 1.46r software (Wayne Rasband, Research Services Branch, National Institute of
Mental Health, MD, USA).

Immunohistochemistry

Anti-a-actin (mouse monoclonal, 1A4, 1:100, sc-32251, Santa Cruz Biotechnology, Dallas,
TX, USA); anti- phospho-histone H3 (P-H-H3, rabbit polyclonal, H3, 1:75, Ser10, 9701, Cell
Signaling, Danvers, USA); anti-AR (rabbit polyclonal 1gG, N-20, 1:75, sc-816, Santa Cruz
Biotechnology, Dallas, TX, USA); anti-ERa (polyclonal 1gG rabbit, 1:50, PA5-34577,
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Invitrogen, Thermo Fisher Scientific, Rockford, IL, USA); and anti-ERpB (polyclonal 1gG
rabbit, 1:50, PA1-310B, Invitrogen, Thermo Fisher Scientific, Rockford, IL, USA) were used
as primary antibodies. Antigen retrieval was performed by tissue sections embedding in 10mM
citrate buffer (pH 6.0) for a-actin, PHH3, AR and ERf; and TRIS-EDTA bufter (pH 9) for ERa.
temperature and time for retrieval were 96°C for 40 minutes for PHH3, AR, and ERf, 93°C for
20 minutes for a-actin, and a microwave sequence (2 X 7 min at low power and 1 X 7 min at
medium-low power) for ERa. Endogen peroxidases were blocked by immersing the slides in
3% H202 at room temperature for 30 minutes. Then, non-specific proteins were blocked with
5% skimmed milk in TBS. Sections were incubated overnight at 4°C (PHH3, AR, ERa and
ERpB) or for 1h at room temperature (a-actin) before secondary antibodies (Polymer kit
Novocastra Novolink RE7230-CE, Leica Biosystems, Buffalo Grove, USA) were applied for
1h at room temperature. Positive staining was detected using 3-30’-diaminobenzidine
tetrahydrochloride (DAB) chromogen (NovolinkMaxDAB, RE7270-CE, Leica Biosystems,
Buffalo Grove, USA) and counterstained with hematoxylin.

Western blot

Frozen samples (6 per group) were smashed and incubated for extraction (CelLytic MT cell
lysis reagent, C3228, Sigma Aldrich) at 4 °C, for 60 minutes, under agitation. Protease activity
was blocked by inhibitors (Protease Inhibitor Cocktail, P8340, Sigma Aldrich), followed by
centrifugation for 20 min at 14,000 rpm, 4 °C. Protein quantification was determined by BCA
Protein Assay Kit (Pierce BCA Protein Assay Kit, 23,227, Thermo Fischer Scientific) and the
absorbance measured in a microplate reader (SPECTROstar Omega, BMG Labtech). The
extracts were stored at —80 °C until analysis. For SDS-PAGE electrophoresis, 15ug of sample
was loaded in each lane. The bands were transferred to a nitrocellulose membrane. Blots were
blocked using skimmed milk 5% in TBS +0.1% Tween (TBSt), for one hour, at room
temperature. Overnight incubation under agitation with anti-AR, ERa, ERf (1:300, 1:1000, and
1:1000 dilutions, respectively), and GAPDH (mouse monoclonal MB374 Millipore, 1:10,000)
primary antibodies, diluted in skimmed milk 1% in TBSt. Subsequently, the membranes were
incubated at room temperature for one hour under agitation with horseradish peroxidase-
conjugated secondary antibodies (1:10,000 rabbit anti-mouse ab6728, Abcam, Cambridge, UK,
or 1:10,000 goat anti-rabbit 115-035-144, Jackson Immunoresearch, Jannersville, PA, USA).
Band visualization was performed with ECL system (32,109, Thermo Fischer) using ChemiDoc
(ChemiDoc MP, BioRad) followed by quantification with ImageJ. Values were shown as mean

of relative density to GAPDH (loading control)
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Statistical analysis

Statistical analysis was performed using GraphPad Prism 6.00 software spreadsheets and
graphs (GraphPad Software, San Diego, CA, USA). First, the data were checked for normality
using the Kolmogorov-Smirnov test. Parametric data were analyzed by one-way ANOVA
followed by Tukey's test. For non-parametric data, the Kruskal-Wallis test followed by Dunn's
test was adopted. Differences were considered statistically significant when p < 0.05.

Results

GC animals showed lower body weight compared to IC, while CO unchanged (Table 1).
Prostate weight decreased in CO compared to IC and GC (Table 1). Prostate relative weight
was higher in GC compared to IC and CO (Tablel). Serum hormone dosage in the GC group
showed sharp decrease in cortisol levels, whereas in CO such reduction was milder (Table 1).

Testosterone and estradiol levels unchanged under any condition (Table 1).

The examples of lesions evaluated are depicted in Figure 1. Secretory epithelium showed many
regions with stratifications and folds that enter toward the lumen. All experimental groups also
showed BPH and PIN, resulting in the irregular appearance of the alveoli (Figure 1). The
smooth muscular layer (SML) also showed to be irregular in many regions, notably proximal
to the lesions (Figurel). In GC group, the SML thickness and frequency increased compared to
the other groups (Table 2). In the CO group these alterations were not observed, exhibiting
epithelium length, SML thickness, and frequency of prostatic compartments similar to IC
(Table2). Regarding the fibrillar components collagen and elastic fibers, stress induction and

coconut oil treatment did not modify the occurrence of these components (Table 2, Figure2).

All experimental groups presented high incidence of lesions, showing 100% of prostatic
epithelial hyperplasia (PEH), low-grade PIN (PIN 1), and cribriform PIN (PINC) (Figure 3B).
However, GC group showed the highest incidence of high-grade PIN (PIN II) with 66.66 %
rate and the lowest incidence of atrophy (ATR) with 83.33 % (Figure 3B). On the other hand,
the CO had 16.66 % of PIN Il and 100 % of ATR similar to IC (Figure 3B). Incidence of
microinvasive carcinoma (MC) for GC was 16.66% (Figure 3B). The multiplicity of the

different lesions did not differ among the experimental groups (Figure 3A).
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The staining patterns were shown in Figure 4 (A, C, E) for P-H-H3 and Figure 4 (B, D, F) for
TUNEL. Apoptotic cells frequency in the epithelium and SML was higher in CO compared to
IC; however, when each compartment was analyzed separately, apoptotic epithelial cells
frequency in CO group increased compared to IC and GC (Figure 4B). SML P-H-H3 positive
cells frequency in the GC group was higher than IC, but when combined to epithelium, there
was no change in any experimental groups (Figure 4G). Considering SML only, the
proliferation index increased in GC and CO (Figure 4H) but when combined to the epithelium
or only epithelium itself, IC and GC had indexes close to each other and CO showed lower

levels (Figure 4H).

Androgen receptor (AR) expression analysis were shown in Figure 5. GC group showed an
increase in AR expression and CO was similar to IC (Figure 5E). AR expression changed
particularly in the SML (Figure 5D). Regarding estrogen receptor beta (ER) positive cells and
protein expression, as presented in figure 6, they did not change in GC and CO groups compared
to IC (Figure 6 D and E) whereas estrogen receptor alpha (ERa) positive cells showed higher
frequency in GC compared to IC particularly in the epithelial compartment (Figure 7D). CO

group showed no change in the expression of these receptors (Figure 7).
Discussion

Prostate is highly susceptible to the aging and may respond differently to this process, leading
to BPH, prostate enlargement, and prostate cancer progression [24]. An experimental model for
studying these aging-related alterations is the Mongolian gerbil which exhibits many
morphological changes in the prostate throughout the life, and in advanced age the presence of
BPH and microinvasive carcinoma is often observed [18]. Despite of Mongolian gerbil has been
considered an adaptable model for laboratory handling, and levels of stress markers normalize
after a one-week adaptation period [25], this is the first study to report the long-term

manipulation caused stress and impacted the aging process.

Laboratory routines may influence stress levels in animals [26]. Although the particularity of
the gavage content may interfere with stress levels [27], the gavage itself is considered a stress
inducer [28]. In addition to stress, long-term gavage can induce weight loss in mice [29], as we
observed in GC group. Stress can be classified as acute or chronic based on the exposure
duration to the stressor agent; the chronic stress-related conditions are time-dependent and can

generate varied hypothalamic-pituitary-adrenal (HPA) axis responses [30].
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Cortisol level is an endocrine stress marker, since the stress condition, acute or chronic,
interferes in the HPA axis affecting its [16]. In addition, different stress conditions, can interfere
in other neuroendocrine pathways and regulate glucocorticoid levels leading to different
cortisol levels depending on the stressor [31]. Low cortisol level, presented by the GC group,
corroborates with Fries et. al. who proposes hypocortisolism in rats because of chronic stress.
Therefore, we consider that changes in cortisol levels and body weight of CG animals indicated

that long-term handling promoted a state of chronic stress.

Given this scenario, it is interesting that coconut oil treatment during gavage attenuated the
impact of stress on cortisol levels and animals’ weight. Coconut oil has higher saturation status
since around 90% of its composition is made of saturated fatty acids, being the lauric acid the
most abundant, followed by myristic, palmitic, caprylic, capric, and stearic acids [32]. This oil
has been reported to interfere in the HPA axis and attenuate neuroendocrine responses to
stressors, such as increased or decreased cortisol levels [14, 33].

Coconut oil was shown to decrease the weight of hyperplasic prostate in rats [13], but our data
show that regarding the relative weight, only the GC group showed a decrease in the weight of
this gland. Although the decrease in prostate weight in CO can be due to anatomical variation,
the effect of stress on relative prostate weight did not occur in the CO. The morphological
characteristics of the Mongolian gerbil prostate are well established [18, 34, 35] and typically
composed by alveoli, commonly referred as acini, formed by secretory epithelium that limits
the luminal region where the secretion is stored. Surrounding the acinus there is the SML and
between the acini, there is the stroma [34]. Prostate is susceptible to changes and gerbil prostate
is highly responsive to variations in androgen and estrogen levels, reflecting in the gland
secretory activity [36—38]. The gerbil prostate is also susceptible to interference from treatments
using oils such as corn and mineral oil [39]. One of the morphological responses is the SML
thickness increase and alteration in prostatic compartments frequency [36, 37, 40]. In the
present study, we observed such effect in GC group which was attenuated by coconut oil

treatment.

Alterations in cellular and extracellular matrix and their consequent increase are related with
tumor progression [41]. Several studies showed that variations in SML were related with
smooth muscle cells activity and a change in the extracellular matrix [42—44], and older animals
have reactive stroma associated with malignant prostatic lesions [45]. Specially, the increased
in collagen synthesis and remodeling provide a pro-tumoral environment [46, 47], which were
not observed in GC and CO.
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During aging, testosterone release is decreased and prostate responds with pronounced
morphological changes [17] which is also observed for the Mongolian gerbil that exhibits
prostatic lesions, including BPH and carcinoma, spontaneously at advanced age [18]. Our data
corroborate the literature, since all old animals, presented lesions such as BPH and PIN at
distinct grades. However, chronic stress seemed to intensify their gravity because high-grade
PIN incidence raised, as well as the incidence of adenocarcinoma in GC. In breast tumors,
chronic stress represents a risk factor for the development of more aggressive forms [48].
Psychological stress associated with aging modulates prostate cancer responses via changes in
the inflammatory status [49]. Stress interferes in the autonomic nervous system (ANS), the HPA
axis, and other neuroendocrine systems such as the reproductive axis, growth, and thyroid axis,
as well as affecting the immune system [50]. Increased autonomous innervation of the prostate
has been linked to prostate cancer progression [51]. These findings suggest that stress can
induce BPH by interfering in regulatory systems, such as the HPA axis [9, 52]. Furthermore,
inhibition of adrenergic receptors, responsible for receiving and transmitting signals of
sympathetic and parasympathetic origin, led to higher rate of apoptosis in both benign and

malignant conditions in the prostate [53].

Proliferative and apoptosis rate is directly related with prostatic lesions development and
aggressiveness in gerbils and other animals [18]. Considering the potential action of stress as a
lesion enhancer, GC group higher proliferation rate in the SML and thickness, taken together,
it suggests that this prostate compartment is more susceptible to stress. Prostate stromal
components, cells and extracellular matrix, are responsive to hormone levels variations and
their receptors expression as well as growth factors [54-57], but the reasons for the greater
responsiveness of this compartment to stress are still unknown. In contrast, coconut oil
treatment indicated same proliferation rate compared with CG group but higher apoptosis rate
when considered either the epithelium and SML together or the former alone, suggesting the
coconut oil antiproliferative function. Its major component, lauric acid, has been reported as an
anti-proliferative agent and apoptosis inducer in breast and endometrial cancer [58]. The stroma
plays a critical role in mediating prostate carcinogenesis through AR and ERa, and the paracrine
mechanisms of androgens and estrogens [41].

The prostate is an androgen-dependent gland since its development and differentiation as well
as for its maintenance in adulthood, being mediated via AR. However, estrogens also influence
prostate homeostasis, since it expresses both ERa and ER [59]. Chronic stress increased AR

expression most remarkably in SML, while treatment with coconut oil maintained it similar to



40

the intact control group. AR expression is directly related with the prostate cell proliferation
[60]. In the Mongolian gerbil, under normal conditions, this receptor has a uniform
immunolocalization between epithelium and stroma, but this location standard can be modified
by genetic and epigenetic mechanisms and yet unknown factors [61]. Our data indicated that

stress might be a candidate for one among them and coconut oil interferes on it.

Although ERp expression remained unaltered, the ERa was shown to be responsive to stress.
Estrogenic action within the prostate is complex, and both were reported to play different roles.
ERa is related with the development and increase of proliferation, inflammation, and cancer,
while ERp has anti-proliferative, anti-inflammatory, and anticarcinogenic potential [62]. ERa
expression herein consolidated our hypothesis that stress plays a pro-lesional role since GC
group showed a higher frequency of ERa-positive cells. Interestingly, their immunolocalization
was different from that of AR-positive cells. Studies regarding the localization of AR, ERa and
ERp expression in the gerbil ventral prostate suggest that the former is expressed in both the
epithelium and SML, ERp is more found in the epithelium, while ERa is in the SML [61, 63].

Conclusion

As expected, prostate from older gerbils showed BPH and PINs which are aging-related
alterations. However, the long-term gavage procedure provided a situation of chronic stress that
seemed to enhance their progression likely the microinvasive carcinoma development. On the
other hand, coconut oil treatment throughout aging, minimized the chronic stress impacts.
Although more studies are needed to elucidate the key mechanisms involved our results are
provocative, especially because of changes in morphology and in the receptors expression,
mainly in the stroma. Stromal alterations are common in older animals [45] and may drive
malignant transformation in human prostatic epithelial cells [41]. Therefore, the effectiveness
of a natural product, such as coconut oil, to mitigate the chronic stress impact on prostate along

aging caught attention for further studies regarding this issue.
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Tables:

Table 1. Biometric and endocrine parameters of Mongolian gerbils in the intact control (IC),

gavage control (GC) and coconut oil (CO) groups.

Experimental groups

IC GC CO
Biometric data (g)
Body weight 101.8 + 13.85° 91.98+13.23°  96.84 + 14.692P
Prostate weight 0.8966 + 0.1232°  0.8978 + 0.1083% 0.7947 +0.1103°

Relative prostate weight x102  0.8897 + 0.1317®  0.9803 + 0.1141° 0.8327 + 0.1410?

Hormonal data

Cortisol (ng/mL) 136.5+17.83? 31.48 + 22.10° 89.70 + 33.92°
Testosterone (ng/mL) 1.85+0.66 1.79 £ 0.42 1.8+0.51
17B-estradiol (pg/mL) 35.67 £9.44 59.47 + 33.96 40.20 £ 17.96

Values expressed as mean + standard deviation. Superscript a and b represent statistically

significant differences (p < 0.05) among the experimental groups.
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Table 2: Morphological parameters of Mongolian gerbil in the different experimental groups.

Experimental groups

IC GC CO
Morphometric data (m)
Epithelium height 18.26 + 1.65 20.58 £ 4.11 17.71 £ 1.57
SMLthickness 11.66 + 1.01° 14.01 + 1.04° 11.45 +1.16%

Stereological data (%)

Epithelium 22.31 +£6.43 25.33 +10.50 18.49 +1.17
Lumen 48.10 £12.79 44,26 £ 11.76 53.54 £ 6.65
SML 10.51 + 2.40%P 15.90 + 7.60° 8.71+2.07°
Stroma 18.00 + 6.65 14.92 + 3.67 18.42 + 6.49
Blood vessels 1.07£0.61 2.15+1.93 0.83+0.58
Stromal fibers data (%)
Collagen fibers 37.21+90.14 4252 +4.41 33.65+6.49
Elastic fibers 0.28 +0.04 0.30 +0.02 0.30 +0.02

Values expressed as mean + standard deviation. Superscript a and b represent statistically

significant differences (p < 0.05) among the experimental groups.
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Figures:

Figure 1: Lesions observed in the ventral prostate of old gerbils stained with HE (A, B, C, D,
E and H), with Gomori's reticulin (G) and marking for a-actin (F). Prostatic epithelial
hyperplasia - PEH (A); Epithelial atrophy - ATR (B); Grade | intraepithelial neoplasia - PIN |
(C); Microinvasive carcinoma - CM (D); Grade Il intraepithelial neoplasia - PIN Il (E);
Cribriform intraepithelial neoplasia - PINC (H) with micro- lumens (*). The region delimited
by the dotted line in D is depicted in F and G. Arrows point to rupture of smooth muscle layer

in F and to rupture of reticular fibers in G. Bv indicates blood vessel.
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Figure 2: Fibrillar components to prostatic tissues from IC (A, B), GC (C, D) and CO (E, F)

groups. Picrosirius staining identifies collagen in red shade in A, C and E. Resorcin-fuchsin

staining identifies elastic fibers in blue in B, D, and F.

A
Multiplicity
IC GC Cco
Lesions

PHE 18-76 (48.5)  4-61 (39.83)  30-69 (46.33)
PIN I 1-11 (6.33) 4-15(10) 4-13 (8.67)
PIN II 0-2 (0.33) 0-37 (7.33) 0-1(0.16)
PINC 6-73 (27.33)  4-60 (27.17) 15-52 (25.5)
ATR 2-33 (15.33) 0-23 (13) 2-44 (22)
CM 0(0) 0-3 (0.66 0(0)
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Figure 3: Analysis of incidence (B) and multiplicity (A) of lesions of the ventral prostate of the

Mongolian Gerbil. Intact Control (IC), Gavage Control (GC) or Coconut Qil (CO) groups.

Multiplicity data (A) correspond to the variation in the number of lesions per animal (n= 6 per

group); the group mean is shown in parenthesis. Incidence data (B) indicate the percentage of

animals affected. Prostatic epithelial hyperplasia (PEH); Grade | intraepithelial neoplasia (PIN

1); Grade Il intraepithelial neoplasia (PINII); Cribriform intraepithelial neoplasia (PINC);

Epithelial atrophy (ATR) and Microinvasive carcinoma (CM).
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Figure 4: Immunohistochemistry for cell proliferation index data using P-H-H3 (A, C and E)
for proliferating cells and TUNEL marking (B, D, and F) for apoptotic cells. In G are shown
the frequency of cells positive for TUNEL (white columns) and P-H-H3 (black columns) in the
epithelium (Epi), smooth muscle layer (SML) and epithelium plus smooth muscle layer (Epi +
SML). * indicates statistical difference p <0.05. In H is displayed the proliferation index (P-H-
H3/TUNEL) of the epithelium (Epi), smooth muscle layer (SML) and epithelium plus smooth

muscle layer (Epi + SML). Arrows point to positive cells.
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Figure 5: Immunohistochemistry for androgen receptor (AR) in the ventral prostate of
Mongolian gerbils in intact control (A), gavage control (B) and coconut oil-treated (C) groups.
Frequency of cells positive for AR in the epithelium (Epi), smooth muscle layer (SML) and
epithelium plus smooth muscle layer (Epi + SML) (D). Relative density of AR normalized to

GAPDH, used here as a positive control (E). ** indicates statistical difference p <0.01.
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Figure 6: Immunohistochemistry for estrogen receptor beta (ERp) in the ventral prostate of
Mongolian gerbils in intact control (A), gavage control (B), and coconut oil-treated (C) groups.
Frequency of cells positive for ERp in the epithelium (Epi), smooth muscle layer (SML) and
epithelium plus smooth muscle layer (Epi + SML) (D). Relative density of ER normalized to
GAPDH, used here as a positive control (E). There was no statistically significant difference

between the groups.
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Figure 7: Immunohistochemistry for estrogen receptor alpha (ERa) in the ventral prostate of
Mongolian gerbils in intact control (A), gavage control (B), and coconut oil-treated (C) groups.
Frequency of cells positive for ERa in the epithelium (Epi), smooth muscle layer (SML) and
epithelium plus smooth muscle layer (Epi + SML) (D). Relative density of ERa normalized to
GAPDH, used here as a positive control (E). There was no statistically significant difference

between the groups. Statistical difference between the experimental groups is represented by *
(p <0.05) and ** (p < 0.01).
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Sera submetido a revista “The Prostate”
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Abstract
Background

Inflammation is associated with age-related pathologies in the prostate, such as benign prostatic
hyperplasia (BPH) and prostate cancer (PC), which are modulated by several components of
the inflammatory process, like macrophages and cytokines. Coconut oil is indicated as a
protective agent in age-related effects, including inflammation. In the present study, we have
investigated the impact of coconut oil consumption and animal handling on the prostate

throughout the aging process
Methods

Animals (Mongolian gerbil, 100 days old) were divided into three groups (n=11/group): Intact
Control (IC group), Gavage Control (GC group) and Coconut Oil (CO group). The animals
received via gavage 0.1ml of water (GC) or coconut oil (CO) on alternate days during one year.
Inflammatory foci, mast cells, F4/80 and CD68 and CD163 macrophages, COX2, p-STATS3,

IL-6, TNFa and metalloproteinases (MMPSs) were analyzed.
Results

Inflammatory foci (IF) were present in the ventral prostate of all experimental groups. The
occurrence of F4/80 and CD68 macrophages did not vary between the groups, whereas CD163
macrophages decreased in the CO epithelium. The presence of p-STAT3 decreased in the
epithelium and overall prostate in the CO, but increased in the GC stroma. The presence of
COX2, and the levels of IL-6 did not change. TNFa concentration increased in the GC, but did
not change in the CO. The GC group also showed increased expression of MMP-2 and MMP-
3.

Conclusions

Long-term animal handling changed the inflammatory profile in the prostate of the aged

gerbils, while the administration of coconut oil throughout aging attenuated these effects.
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Introduction

The prostate is a gland responsive to the aging process, and more than half of the population of
men over fifty years old develops benign prostatic hyperplasia (BPH).! The aging process also
changes the prostate inflammatory status, providing a microenvironment favorable to prostate
cancer development and progression (PC).? Prostatic inflammation can cause infertility in
young and adult men.® BPH is closely associated with inflammation, since several specific
mediators of inflammatory pathways, such as interleukins and chemokines, modulate the
condition of BPH.* In addition, the activity of inflammatory cells, such as mast cells and
macrophages, with their different phenotypes, plays an important role in both BPH and PC.*°
These cells and the diverse inflammatory cytokines are found mainly in the stroma, which
exhibits characteristics, acquired through aging, that contribute to the development of prostatic
pathologies.® The prostate environment is thus sensitive to inflammation-related disorders that
lead to hyper- or neoplastic processes.’

The use of natural compounds as phytotherapeutic agents, with mechanisms of action including
inhibition of growth factors, anti-androgenic, anti-estrogenic, and anti-inflammatory activity is
expanding.? In this scenario, studies have attributed antioxidant properties to coconut oil due to
its protective role against injuries.®! Coconut oil, obtained from the Cocos nucifera, is an
emerging functional food commonly used as a traditional medicine and dietary supplement in
South India and many other tropical countries, capable of diminishing liver lipotoxicity and
insulin resistance. The potential to moderate metabolic and inflammatory disorders is also
attributed to coconut oil; however, these properties vary in different studies **5. This oil
contains about 90% of saturated fatty acids, of which the most abundant is lauric acid, followed

by myristic, palmitic, caprylic, capric, and stearic acids.6’

Coconut oil decreased induced BPH in rats.'® However, its effects on the prostate are poorly
known and its consumption throughout aging has not been investigated yet Given that
inflammation is closely associated with BPH, we investigated the effect of coconut oil
consumption on the prostate throughout aging with regard to the inflammatory profile in the

Mongolian gerbil, an experimental model that exhibits spontaneous BPH with advancing age.*°.
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Materials and Methods
Animals and experimental design

Male gerbils (M. unguiculatus) (33 animals in total) were bred and kept in the Microscopy and
Microanalysis Laboratory (Institute of Biosciences, Letters and Exact Sciences of Sdo Paulo
State University/UNESP), Sdo José do Rio Preto, with approval and in compliance with the
institutional ethics committee guidelines (183/2018- CEUA). At 100 days of age, animals were
separated in ventilated polysulphone isolators (2 animals per box), kept under controlled
temperature and light (25°C, 12h light-dark cycle) and provided filtered water and food ad

libitum during the experimental period.

Three experimental groups (n=11) were set up: the Intact Control group (IC) aged without any
treatment; the Gavage Control group (GC) aged with administration of 0.1ml of filtered water
by gavage; the Coconut Oil group (CO) aged with administration of 0.1ml of coconut oil
(Nature Corp LTDA, Sorocaba, Brazil) by gavage. Oral gavage was performed on alternate day
basis throughout the experiment, and the dosage provided corresponded to 13ml for an adult
male (80kg), adjusted from Reagan-Shaw et al., 2007%°. The aging period was 12 months, and
at the end, all animals (15 months old) were anesthetized (3 mg/kg of Xylazine hydrochloride
and 10 mg/kg of Ketamine hydrochloride) and euthanized by decapitation. The ventral prostates
were removed and fixed in 4% buffered paraformaldehyde for 24 hours (n=5) or flash frozen

in liquid nitrogen and stored at -80°C (n=6).
Histological analysis

The fixed prostates were dehydrated, clarified in xylene and included in Histosec (Merck). The
organs were sectioned at 3um thickness and stained by Hematoxylin and Eosin for general
morphological analysis and inflammatory foci (IF) identification, and 0.5% Toluidine Blue for
mast cell (MC) analysis. The images were captured at x400 magnification using the slide
scanner system (Olympus VS120 - S5) and the analysis performed with OlyVIA 2.9 software
(Olympus). Images at 1000x magnification were acquired using Olympus BX60 light
microscope (Olympus, Japan) and digitalized with DP-BSW V3.1 software (Olympus).

The IF frequency was determined by the number of IF per area of the histological section. Three
sections at different depths from the same prostate were analyzed for each animal. The IF was
identified by morphological characteristics such as the concentration of immune system cells
(mainly lymphocytes and neutrophils). The foci were analyzed in different prostatic
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compartments: the non-muscular stroma (stromal), associated to the muscular stroma
(periductal), associated to the secretory epithelium (intraepithelial) and in the lumen
(intraluminal). The frequency of IF per um? were expressed as median and values for each

animal were plotted.

Mast cell analysis was based on their morphological characteristics. Their frequency was
determined by total number per area of each section and values for each animal plotted along

with median of number of cells per um?2.
Immunohistochemical analysis

The histological sections were deparaffinized, rehydrated and subjected to antigen retrieval in
Tris EDTA buffer pH 9.0 for 60 min at 98°C. The endogenous peroxidase was blocked with
3% H20> and nonspecific protein blockage carried out with 5% skimmed milk in tris-buffered
saline + 0.1% tween. Then, sections were incubated overnight with anti-F4/80 (# 70076, Cell
Signaling, MA, USA), anti-CD163 (sc - 33560, Santa Cruz Biotechnology, CA, EUA), anti-
CD68 (sc-58965/Santa Cruz Biotechnology), anti-Cox2 (# 12282, Cell Signaling, MA, USA)
and anti-p-STAT3 (#9145; Cell Signaling, MA, USA) primary antibodies. sections were then
washed and incubated with secondary antibodies labelled with peroxidase (CD163: Rabbit
ABC Staining System SC - 2018; Santa Cruz Biotechnology) or Dako Polymer (F4/80, CD68,
COX2, p-SATAT3: Novocastra Novolink RE7230-CE, Leica Biosystems) for 1h at room
temperature. Subsequently, positive staining was detected using 3-30’-diaminobenzidine
tetrahydrochloride (DAB) chromogen (NovolinkMaxDAB, RE7270-CE, Leica Biosystems)

and counterstained with hematoxylin.

Images were captured at x400 magnification using the slide scanner system (Olympus VS120
- S5) and the analysis was performed with the OlyVIA 2.9 software (Olympus). Positive cells
frequency was determined by the total number of DAB-labelled cells normalized to the area of
the section. Values were expressed as mean + SD of cells per um?. In addition to the frequency
in the entire gland, the frequency of macrophages (F4/80, CD163, CD168), COX2 and p-

STAT3 in each prostate compartment were also considered.
Western blot

Frozen samples were smashed and incubated for extraction (CelLytic MT cell lysis reagent,
C3228, Sigma Aldrich) at 4 °C, for 60 minutes, under agitation. Protease activity was blocked
by inhibitors (Protease Inhibitor Cocktail, P8340, Sigma Aldrich), followed by centrifugation
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for 20 min at 14,000 rpm, 4 °C. protein quantification was determined by BCA Protein Assay
Kit (Pierce BCA Protein Assay Kit, 23,227, Thermo Fischer Scientific) and the absorbance
measured in a microplate reader (SPECTROstar Omega, BMG Labtech). The extracts were
stored at —80 °C until analysis. For SDS-PAGE electrophoresis, 15ug of sample was loaded in
each lane. The bands were transferred to a nitrocellulose membrane. Blots were blocked using
skimmed milk 5% in TBS +0.1% Tween (TBSt), for one hour, at room temperature. Overnight
incubation under agitation with anti-MMP-2, MMP-3, MMP-9 (sc-13595/ Santa Cruz
Biotechnology, 1:500; PA5-27936, Invitrogen, 1:500; sc-21733/Santa Cruz Biotechnology,
1:200, respectively), and GAPDH (MB374 Millipore, 1:10,000) diluted in skimmed milk 1%
in TBSt was performed. Subsequently, the membranes were incubated at room temperature for
one hour under agitation with horseradish peroxidase-conjugated secondary antibodies
(1:10,000 rabbit anti-mouse ab6728, Abcam, or 1:10,000 goat anti-rabbit 115-035-144, Jackson
Immunoresearch). Band visualization was performed with ECL system (32,109, Thermo
Fischer) using ChemiDoc (ChemiDoc MP, BioRad) followed by quantification with ImageJ.

Values were shown as mean of relative density to GAPDH (loading control)
Analysis of inflammatory mediators

For prostate cytokine tests, 25 uLL of sample (extracted tissue samples for Western blot) were
analyzed with MILLIPLEX MAP Mouse Cytokine/Chemokine Magnetic Bead panel
(MCYTOMAG-70K-03; Millipore Corporation, USA), following the manufacturer’s
instructions. IL-6 and TNFa cytokines were assessed using Luminex laser-based fluorescent
analytical test instrumentation (MAGPIX, Austin, TX). Their concentrations were determined

according to standard curves from each plate and expressed in picograms per milliliter (pg/ml).
Statistical analysis

Statistical analyses were performed using GraphPad Prism 6.00 software spreadsheets and
graphs (GraphPad Software, San Diego, CA, USA). First, the data were checked for normality
using the Kolmogorov-Smirnov test. Parametric data were analyzed by one-way ANOVA
followed by Tukey's test. For non-parametric data, the Kruskal-Wallis test followed by Dunn's

test was adopted. Differences were considered statistically significant when p < 0.05.
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Results

Histological analysis revealed that the gerbil prostate, taking into account the stroma, muscular
stroma, epithelium and lumen compartments, is heterogeneous regarding IF. In all three groups,
prostates showed regions with IF and regions lacking evidence of inflammation, with cells of
the immune system spread throughout the tissue (Fig. 1). The presence of IF in at least one of
the compartments was found in all three groups and is highlighted in Figure 1. In the stroma,
the IF were commonly found near lymphatic vessels, whereas, in the periductal region, they
were often associated with blood vessels. Acini containing intraluminal IF were formed by
hyperplastic epithelium and inflammatory cell infiltration (Fig. 1). The presence of abundant
lymphocytes and neutrophils was observed in all prostatic lesions, which showed inflammatory
cells accumulated peripherally and between muscle and epithelial cells (Fig. 1). These large IF
associated with prostatic lesions were more frequently observed in the IC and CG groups. The
total number of IF showed a higher median in the CG concerning all analyzed compartments
(Fig. 1). On the other hand, coconut oil treatment (CO) reduced it, and it was lower than in the

control group (IC) in the stromal, periductal and intraepithelial compartments (Fig.1).

Mast cells were observed spaced throughout the stroma and were found either in the muscle
stroma or occasionally between the epithelial cells (Fig. 1). Their number per area showed a

high median in CG, and was lowest in CO (Fig. 1).

F4/80-positive macrophages in the ventral prostate were observed in all experimental groups,
mostly in the stroma and occasionally in the epithelium (Fig. 2). Despite no difference being
detected in their number between groups, we found an increase in the epithelium of IC, whereas
in the stroma this effect was observed for CG (Fig. 3). This pattern of F4/80-positive
macrophage distribution in prostatic compartments was also observed for CD68-positive
macrophages (Fig. 2), but at a lower level (Fig. 3). Regarding CD163-positive macrophages,
their frequency decreased in the epithelium of CO compared with IC (Fig. 3). However,
considering the stromal compartments and the entire prostate, there was a tendency to increase
in the IC and CG groups compared with CO (Fig. 3).

The cytoplasmic marker Cox2 was present in both epithelial and stromal compartments in all
experimental groups (Fig. 2). In the present study, Cox2-positive cell frequency did not show
significant differences between the groups, and the immunostaining patterns in the epithelium

and stroma compartments were similar between the groups (Fig. 3). The IC and CO groups
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showed greater variation between the values per animal, while the CG showed less variation
between these values and a lower median compared with CO (Fig. 3).

p-STAT3 immunolabeling in the epithelial and stromal compartments was observed in all
experimental groups and, even though most of them were nuclear, some stromal cells showed
cytoplasmic staining (Fig. 2). p-STAT3-positive cell quantification revealed that the CO group
was smaller than the IC regarding the epithelial and epithelial-plus-stromal compartment (Fig.

3); However, the GC group was smaller in the epithelium but was higher in stroma.

High variation in IL-6 concentration was observed between GC and CO groups; however, there
was no difference between the experimental groups (Fig. 4). Regarding TNFa, it was higher in

the CG compared with IC, while in the CO it was unchanged (Fig. 4).

MMP-2 increased in the CG compared with CO (Fig. 5). Regarding MMP-3, CG showed

higher relative density than IC, whereas MMP-9 did not change among any experimental groups
(Fig. 5).

Discussion

Inflammatory processes in the prostate are common throughout aging and are associated with
several age-related diseases.?! In the present study, we evaluated the effect of coconut oil
ingestion throughout aging on the prostate inflammatory profile. The effects of animal handling
(over 1 year) were also considered. Prostate inflammatory foci, associated or not with lesions,
is common in humans and older rodents,>® and is mostly located in the stromal compartment
associated with hyperplasic areas.?? A consequence of aging is the recruitment of inflammatory
cells into the prostate microenvironment, which may promote selective proliferation of
transformed or non-transformed cells;?® thus, our morphological data are in line with literature
reports. The high IF medians and the association with prostatic lesions of the CG, being lower
in the CO, drew our attention to the potential influence of animal handling on the inflammatory
status of the gerbil prostate. Animal handling in experiments leads to a state of stress that may
affect several physiological parameters, such as metabolism, influencing the immune cell
infiltration pattern and increasing the risk of neuroinflammation.?*%® A coconut oil diet is
reported to attenuate metabolic and inflammatory alterations.**>2” Concerning the inflammatory
process, mast cells and macrophages play important roles, which affect prostate age-related

pathologies, including BPH and PC.%
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Mast cells may be triggered by different stimuli and release several mediators, such as cytokines
and chemokines, as well as participating in tissue remodeling?®. In the prostate, mast cells are
usually clustered and associated with blood vessels, are abundant in the stroma,” and may favor
BPH progression via the IL-6/STAT3/CyclinD1 pathway.* In contrast to the reports, in the old
gerbil prostate, mast cells were found scattered throughout the stroma Fatty acid consumption
due to coconut oil may change mast cell structure.-32 However, our results demonstrated that
its consumption throughout aging did not affect the mast cell population in the prostate. It also
had no effect on the F4/80-positive and CD68-positive macrophage cell frequency.
Macrophages have roles in repair, immune responses to pathogens, and the maintenance of
homeostasis.®® These phagocytic cells can be associated with tumors (TAMs) and classified
differently according to the activation pathway and polarization.3*3> Although the present study
did not aim at classifying their polarization into M1 or M2, we adopted three different markers

to investigate whether coconut oil consumption may influence the subtypes.

F4/80 is a pan macrophage marker for mice,*® with a high affinity for bone marrow-derived
macrophages and correlated with epithelial proliferation and prostate regeneration.®” Castro et
al ® reported that F4/80-positive macrophages increase in the prostate stroma of Mongolian
gerbils with induced BPH and decrease when the animals are treated with 3-caryophyllene. In
the present study, pan macrophage distribution across the prostate tissue compartments was
heterogeneous, with the highest concentration in the stroma. Our data are in agreement with
that; however, regarding the epithelial compartment, the range of the number of F4/80
macrophages between the animals was lower in the CG and CO groups. This apparent lower
variation was also noted for CD68 macrophages and confirmed for macrophages 163, indicating
that animal handling, an experimental condition common to both GC and CO groups, may

modify macrophage distribution between the stroma and epithelium.

CD68 macrophages are also considered pan macrophages,®*#° and this cell type increases in
both stroma and epithelium in conditions of BPH.***? The literature shows that androgen
deprivation alters the cell morphology of CD68 macrophages, as well as their distribution in
the tissue, and also increases the percentage of these cells in the rat ventral prostate.*® Our data
suggest that, although the numbers of CD68 macrophages found halved compared with F4/80,
these two pan macrophage marker types behave similarly in the gerbil prostate. CD68 and
F4/80 macrophages in the gerbil prostate have already been quantified,** but ours is the first
study to describe the possible effect of animal handling on the distribution pattern of

macrophages in the prostate of older animals. Most of the available data on F4/80 and CD68
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macrophages are based on in vitro studies or using established models such as rats and mice.
Thus, further investigation is needed to ascertain whether the cell types themselves behave

differently or whether this is a particularity of the model used.

CD163 has been employed as a marker for M2 macrophages in some studies;**® however, its
specificity when evaluated alone is controversial*® and the association with other markers is
required to confirm macrophage polarization.>® Even though we did not analyze it, the decrease
in CD163 cells on the prostate of animals treated with coconut oil was intriguing, especially
since it happened only in the epithelial compartment. The distribution of CD163-positive
macrophages throughout the compartments of the rodent prostate is controversial; in adult rats
they were found only in the stroma,*® while in aged castrated rats they were also found in the
epithelium.®® In Mongolian gerbils, CD163 macrophages occurred in both stroma and
epithelium, and with distinct morphology according to their distribution.** In adult gerbils with
induced BPH, the amount of these macrophages increased in the stroma and decreased when
the animals were treated with p-caryophyllene.® According to these studies, the increase in
CD163-positive macrophages was related to tissue remodeling due to hormonal changes, but
the precise role of these cells in the rodent prostate is still unclear. The increased CD163
macrophage population is associated with tumor progression, worse prognosis, and even death
as a consequence of PC.%¢4" Thus, we suggest that coconut oil consumption throughout aging
has a positive effect on the CD163 macrophage population in the prostate. In addition to the
integral cells of the immune system, we also investigated the performance of other

inflammatory markers.

Cyclooxygenase is an enzyme involved in the conversion of arachidonic acid to prostaglandin
and other eicosanoids, and the isoform 2 (COX2) is considered pro-inflammatory.>> COX2
expression is elevated in advanced PC and associated with death from PC.%3** In the prostate
of aged rats, COX-2 decreased apoptosis,® and its expression in the stroma increased with
aging.%® Increased COX-2 leads to activation of ER-B,%" an essential receptor that plays a role
in the proliferation and maintenance of the prostate and which reduces its expression in old
gerbils.®® Nevertheless, another study involving the adult gerbil prostate has shown that COX-
2 expression is higher in the stroma than in the epithelium and that the induction of BPH led to
increased frequency of COX-2-positive cells in both compartments.® Our data indicate that the
distribution pattern between stroma and epithelium previously reported in adult animals is
maintained in old animals. A high-fat diet, especially caprylic acid, promotes COX-2

expression,> and stearic and palmitic acids have also been reported to increase the expression
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of this enzyme.®® Despite the fact that these fatty acids are present in coconut oil, we noticed
that its consumption throughout aging did not interfere with COX2-positive cell frequency in

the prostate. However, the influence of the oil intake on p-STAT3 expression was remarkable.

The STAT-3 canonical pathway is activated in the Janus-activated kinase/STAT signaling
pathway, which, upon phosphorylation at a conserved tyrosine residue (Y705) and
homodimerization, is transported into the nucleus and plays a role in activating transcription of
a target gene.%%2 Our data corroborated those reported for localization of the activated state of
STATS, since the majority of p-STAT3-positive cells showed nuclear marking, although some
cells in the stroma showed cytoplasmic labeling. Leonel et al, 2021 reported the presence of
pSTAT3-positive cells with cytoplasmic marking in the prostate stroma of Mongolian gerbils.®?
This transcription factor plays an important role in regulating the expression of genes involved
in tumorigenesis, inhibition of apoptosis, and inflammatory mediators.®* It is considered that p-
STATS3 signaling contributes to the higher invasiveness and aggressiveness of PC.%° Several
compounds have been reported to be efficient in the treatment of cancer by interfering in
PSTAT-3 action and consequently modulating different cell signaling pathways.%¢-° Although
reports have shown that a high-fat diet accelerated PC growth in mice via IL-6/pSTAT3
signaling, our data indicate that treatment with coconut oil, a saturated fatty acid, decreases the
amount of p-STAT3-positive cells. Again, we cannot ignore the possibility that animal handling
interfered with the results, since the CG showed fewer p-STAT3-positive cells in the epithelium
and higher numbers in the stroma. Alterations resulting from chronic psychological stress could
interfere with the 1L-6/STAT3 signaling pathway and promote prostate tumor growth.”>:"2 Thus,
even when prostate compartments were taken into consideration together, coconut oil treatment
seemed to decrease the number of p-STAT3-positive cells. However, the potential interference
of manipulating animals over a long experimental period should be further evaluated to confirm

this finding.

One of the best-known STATS3 activators is IL-6. Although our data suggests a decrease in p-
STATS3 expression due to coconut oil treatment, we cannot conclude that this interference
involves IL-6, since the dosage of this interleukin, even though it showed higher concentrations
in the CG and CO groups, did not result in a statistically significant difference between the
experimental groups. Nevertheless, the fact that the two experimental groups that underwent
handling over the experimental period showed higher concentrations of IL-6 is intriguing. The
chronic stress condition may lead to increased levels of IL-6."%72 IL-6 is an inflammatory

molecule that acts as a key mediator in tumorigenesis initiation, induction of aggressive PC
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phenotype, as well as PC progression to castration-resistant state and promotion of PC tumor
metastasis.”® The aging process results in a decrease in testosterone levels and this is linked to
an increase in IL-6 levels;"*" however, this relation is not yet clear.”® Given this, we suggest
that long-term animal handling may potentiate the effects of aging on the prostate inflammatory

profile, but more inflammation markers need to be taken into consideration.

TNFa is a cytokine commonly secreted by macrophages in the course of inflammation and is
involved in a wide range of signaling pathways related to necrosis or apoptosis.”’ The
inflammatory pathway involving TNFa is directly related to PC and it contributes to all stages
of the malignant process.’® In addition, the increase of this cytokine has a role in the aging of
the rat prostate and in BPH.”®8! Different inflammatory responses have been attributed to
psychological stress situations, and the increase in levels of TNFa is a key indicator of this
effect.82-8° These studies indicate that the impact of stress on inflammation varies according to
the experimental model used, as well as the wide variety of stress induction methods used.
Therefore, we hypothesize that animal handling provoked an increase in prostatic TNFa levels.
Coconut oil diminished the effect of handling since the TNFa levels in CO remained close to
those of the control group. The protective effect of coconut oil on the inflammatory process in
certain pathologies has been associated with the reduction of TNFa levels.1%8 However,
coconut oil combined with high-fat diets has been reported to increase TNFa levels.?”8” Thus
there is still much to be investigated about the effect of coconut oil treatment on the levels of
this cytokine.

An important regulator of levels of TNFa and other cytokines is MMPs.® These proteins are
part of a family of proteolytic enzymes, found mainly in the extracellular matrix, which act in
tissue homeostasis, defense and repair, and modulate inflammation.®® Increased levels of MMPs
2 and 9 are associated with the development and progression of prostate pathologies such as
BPH and PC,%*%? and also with prostatic inflammation.®®* MMP-3 is closely correlated with PC
progression and is used as a biomarker in Gleason patterns.®* The increase in MMPs 2 and 3
in the CG but not in CO supports our hypothesis that handling may enhance the effects of aging
on the prostate and that coconut oil acts as a protector. Psychological stress elevates levels of
MMP-2, 3, and 9 in the nervous system.? High levels of MMP-2 and MMP-9 have also been
found in semen and attributed to psychological stress.®’ Little is known about the impact of
coconut oil treatment on MMP levels. MMP-9 levels have been found to increase in NIH 3T3

cells and hamster liver treated with coconut oil,%®® but no changes were observed in our study.
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Conclusions

Our data suggest that the one-year experimental procedure, in which the animals were
manipulated every other day to administer coconut oil by gavage, interfered in the inflammatory
parameters investigated here. The coconut oil treatment reduced the number of CD163
macrophages, p-STAT3-positive cells, TNF concentration, and the expression of MMP-2 and
3. We therefore believe that coconut oil exerts a protective and anti-inflammatory role in the
prostate. Further studies to investigate the mechanisms of its action, as well as the impact on

the prostate of long-term handling, may serve to elucidate these issues.
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Figure 1: Histological sections of gerbil prostate stained with HE (A-F) at 100x magnification and
stained with Toluidine Blue (H-I) at 400x magnification of groups IC (A, D, G), GC (B, E, H), and CO
(C, F, I). Quantification of inflammatory foci (IF) in different compartments (J: periductal; K: stromal;
L: intraluminal, and M: intraepithelial) and mast cells (N) per histological section area (um?). Regions
without IF (A-C) showing lumen (lum), stroma (str), muscle stroma (sml), epithelium (ep), blood vessels
(bv), and lymphatic vessels (lv); arrowheads point to cells of the immune system. IF in the different
compartments (D-F), stromal (dotted line), periductal (black arrows), intraepithelial (white arrows), and
intraluminal (asterisk). In G-I the double arrows point to mast cells highlighted in purple. In the graphics
are plotted the values obtained of animals in IC (points), CG (square), and CO (triangle) groups and the

median is shown.
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Figure 2: Immunohistochemistry for F4/80 (A-C), CD68 (D-F), CD163 (G-1), COX2 (J-L), p-STAT3
(M-0O) of gerbil ventral prostate, at 400x magnification, of groups IC (A, D, G, J, M), GC (B, E, H, K,
N) and CO (C, F, I, L, O). The arrows point staining positive for the respective antibodies.
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Figure 3: Quantification of positive cells for F4/80 (A-C), CD68 (D-F), CD163 (G-I), COX2 (J-L), p-
STAT3 (M-O) per histological section area (um?). The data concerning the epithelium (A, D, G, J, M),

stroma (B, E, H, K, N), and total prostate (C, F, I, L, O) are presented. Immunohistochemistry data were

tested employing the Kruskal-Wallis test and are presented as box and wiskers and statistical difference

between the experimental groups is represented by * (p < 0.05).
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Figure 4: Concentrations (pg/mL) of IL-6 (A) and TNF-a (B) in the ventral prostate of gerbils in IC,
GC, and CO groups. The data were tested employing the Kruskal-Wallis test and are presented as box

and wiskers and statistical difference between the experimental groups is represented by * (p < 0.05).
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Figure 5: Relative density of MMP-2 (P), MMP-3 (Q), and MMP-9 (R) normalized to GAPDH, used
here as a positive control. The data were tested employing one-way ANOVA and presented as mean and

standard deviation and statistical difference between the experimental groups is represented by * (p <
0.05)
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Coconut oil intake throughout aging attenuates ROS increase arising from animal

handling.
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Abstract

Aging increases oxidative stress in the prostate and leads to several pathologies such as benign
prostatic hyperplasia (BPH) and prostate cancer (PCa). Coconut oil consumption may attenuate
some physiological conditions associated with these diseases. In this work, we evaluated the
effect of coconut oil intake throughout aging and the interference of animal handling along the
experiment. Mongolian gerbils (Meriones unguiculatus) received coconut oil (extracted from
Cocos nucifera) or water via gavage for one year and the prostates were analysed. Intracellular
lipid accumulation, oxidative stress biomarkers, antioxidant enzymes activity, lipofuscin
accumulation and lipid profile were analysed. Coconut oil consumption mitigated the increase
of catalase and GST activity due to reactive oxygen species increase induced by animal
handling, and decreased cholesterol and triglycerides serum levels. Animal handling decreased
lipofuscin accumulation. In conclusion, animal handling of gavage procedure changed the
prostate oxidative status and altered the lipid profile which was mitigated by coconut oil.
Moreover, its intake attenuated the age-related metabolic changes, suggesting the coconut oil

protective property in both conditions.
Keywords

Lipofuscin, metabolic aging, benign prostatic hyperplasia, vegetal oil.
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Introduction

The prostate is highly responsive to aging process changing the endocrine balance,
inflammatory status, and oxidative stress thereby providing a favorable microenvironment for
benign prostatic hyperplasia (BPH) and prostate cancer (PCa) establishment (Udensi &
Tchounwou, 2016). BPH rates increase with age up to 75% among men over 50 years (Egan,
2016). During the past decades, complementary and alternative medicines such as phytotherapic
agents have emerged as a possible treatment for BPH and for " keeping a healthy prostate”,
such as Serenoa repens, Secale cereale, Pygeum africanum, and their mechanisms of action
range from anti-androgenic to antioxidant and anti-inflammatory (Keehn, Taylor, & Lowe,
2016). Coconut oil, extracted from the Cocos nucifera plant is drawing interest as another
possible phytotherapy due to its potential in reduce prostate weight in rats with induced BPH
(de Lourdes Arruzazabala et al., 2007).

Dietary supplementation with coconut oil was reported to improve the lipid profile and regulate
the antioxidant system by increasing superoxide dismutase (SOD) and catalase activity (CAT)
while decreasing malondialdehyde (MDA) levels (Famurewa, Ekeleme-egedigwe, et al., 2017).
However, the effects of coconut oil on lipid profile are controversial, given that its consumption
worsened lipid parameters, such as triglyceride and LDL levels (Resende et al., 2016). The
current data regarding coconut oil intake is based on short to moderate-term, and there are none
about long-term. Therefore, this study aimed to investigate the effect of coconut oil
consumption throughout aging on oxidative status and lipid profile in the prostate.

Materials and Methods
Animals and experimental design

The animals (male gerbils, 100 days old) were obtained and kept in the Institute of Biosciences,
Letters and Exact Sciences of Sdo Paulo State University/UNESP, Sdo José do Rio Preto, with
approval and in compliance with the institutional ethics committee guidelines (183/2018-
CEUA). The animals were kept in ventilated polysulphone isolators (2 animals per box) under
controlled temperature and light (25°C, 12h light-dark cycle) with filtered water and feed ad
libitum. The animals were equally distributed in three experimental groups: Intact Control
group (IC), without any treatment; Gavage Control (GC), administered 0.1ml of filtered water
by gavage every other day; Coconut Oil (CO) administered 0.1ml of coconut oil (Nature Corp
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LTDA, Sorocaba, Brazil) by gavage every other day. The dosage provided corresponded to
13ml for an adult male (80kg), adjusted from Reagan-Shaw et al., 2007 (Reagan-Shaw, Nihal,
& Ahmad, 2007). The length of the experiment was 12 months and at the end, all animals (15
months old) were anesthetized (3 mg/kg of Xylazine hydrochloride and 10 mg/kg of Ketamine
hydrochloride) and euthanized by decapitation. The blood was collected and the serum stored
(-80°C). The ventral prostates were removed and fixed in 4% buffered paraformaldehyde

(n=6/group) or flash-frozen in liquid nitrogen and stored at -80°C (n=48).
Intracellular lipid accumulation analysis

The frozen prostates (n=6/group) were sectioned in a cryostat and the cryosections (25 pum
thickness), placed on glass slides, fixed by formaldehyde 3.7% at 60°C for 1h, washed in
distilled water and then immersed in 60% isopropanol for 20 minutes. The slides were then
incubated in a solution of 3% oil red O (ORO) in 60% isopropanol for 2h, washed in 60%
isopropanol, and in water. Finally, the slides were covered with Fluoroshield mounting medium
containing 4',6-diamidino-2-phenylindole (DAPI) (Sigma, St. Louis, MO, USA; F6057). The
sample was analyzed in a Zeiss LSM710 Confocal Microscope at 400x magnification and
digitized with Zen 2010 software (Carl Zeiss, Thornwood, New York). The images (6
fields/animal) were analyzed in ImageJ software and the quantification of lipid accumulation
was accessed by the ratio between total area stained by ORO and total area stained with DAPI.
Based on our previous experience with Mongolian gerbil prostate cells, we assumed that nuclei

size variations did not influence our analysis.
Oxidative status

Frozen prostate (n=8/group) were homogenized in 0.2 M phosphate buffer, 1 mM EDTA, using
a homogenizer (OMNI). The homogenates were centrifuged (15.000g/ 10 min/ 4 °C) and the
supernatants were used for analysis of nitric oxide (NO), superoxide dismutase (SOD), catalase
(CAT) and glutathione S-transferase (GST) activities. The pellets were used for analyses of
protein oxidation (carbonylated proteins - CP). Total protein was determined according to
(LOWRY, ROSEBROUGH, FARR, & RANDALL, 1951) using bovine serum albumin (BSA)

as a standard.

MDA content in prostate tissue (n=6) was determined using a Thiobarbituric Acid Reactive
Substances (TBARS) assay kit (Cayman Chemical, Iltem Number 10009055) according to the
manufacturer’s instructions. Upon boiling temperature, oxidized lipids produce MDA which
can be measured calorimetrically at 530-540nm. The results were expressed in uM. CP: Based
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in the reaction of the carbonyl groups with 2, 4-dinitrophenylhydrazine (DNPH) The
supernatant was measured in a microplate reader at 370 nm. The carbonylated proteins were
expressed as nmole/mL based on the molar extinction coefficient of €370 1/4 22 mmol/L x cm.
NO: The samples were incubated with Griess reagent (1% sulfanilamide, 0.1% N-(1-naphthyl)
ethylenediamine, in 2.5% HsPO4) for 10 min at room temperature (Tsikas, 2007). The
concentrations of NO were inferred from a standard curve using known concentrations of
sodium nitrite. The absorbance was measured at 570 nm and the results expressed in pmol/L.
SOD: Analysis based on the reduction of the O%" in H,02, hence decreasing the auto-oxidation
of pyrogallol (Dieterich, Bieligk, Beulich, Hasenfuss, & Prestle, 2000). Potassium phosphate
buffer (5 mM, pH 8) was added to the samples and the reaction started by adding pyrogallol
(100 mM). The reaction mixture was determined by absorbance reading at 570 nm. SOD
activity was calculated as U/mg of protein, with one U of SOD defined as the amount that
inhibited the rate of pyrogallol autoxidation by 50%. CAT: Catalase activity was measured by
adapting the (Hadwan & Abed, 2016) .The samples were added to the substrate (65M H2O> in
60 mM of potassium sodium phosphate buffer, pH 7.4) or in buffer (blank) and incubated (37°C,
3 min), the reaction was stopped with the addition of molybdate of ammonia (32.4 mM), and
the absorbance reading at 374 nm. The micromolar concentrations of H.O, was calculated using
a standard curve with a known concentration of H2O». The catalase activity was expressed as
U CAT/mg protein. GST: determined by the formation of glutathione-conjugated 2,4-
dinitrochlorobenzene (CDNB) (Habig, Pabst, & Jakoby, 1974). 1 mM of CDNB was added to
the buffer containing 1 mM of GSH plus the sample, then the change monitored at 340nm for
90 sec. The molar extinction coefficient for CDNB was €340 = 9.6 mM x cm. The results were

expressed in umole/min/g.
Lipofuscin histological analysis

The fixed prostates were dehydrated, clarified in xylene, and included in Histosec (Merck). The
organs were sectioned at 3um thickness and stained by the Gomori - Halmi method following
Behmer et al., 1976 (Behmer, Tolosa, & Freitas Neto, 1976). Images were captured at x400
magnification using the slide scanner system (Olympus VS120 - S5). Images at 1000x
magnification were acquired using Olympus BX60 light microscope (Olympus, Japan) and
digitalized with DP-BSW V3.1 software (Olympus). The lipofuscin accumulation was
measured with the OlyVIA 2.9 software (Olympus) by counting cells with high apical

accumulation of lipofuscin per area of each section and values expressed as mean + SD of cells
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per um?. We assumed that lipofuscin accumulation clusters of granules similar to the nucleus

size of the surrounding cells.
Lipid profile

Lipid profile was evaluated in blood samples (n=6) using enzymatic tests to assess the total
cholesterol and levels of HDL, LDL, and triglyceride (In vitro Diagnostica Ltda, Itabira, MG,
Brazil). All samples were evaluated in duplicate using Cary Eclipse Fluorescence
Spectrophotometer.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 6.0 (GraphPad Software, San Diego,
CA, USA). First, the data were checked for normality using the Kolmogorov-Smirnov test.
Parametric data were analyzed by one-way ANOVA followed by Tukey's test. For non-
parametric data, the Kruskal-Wallis test followed by Dunn's test was adopted. Differences were

considered statistically significant when p < 0.05.
Results

The accumulation of intracellular lipid, shown in figure 1 (A, C, E), was observed in all
experimental groups. Lipids accumulated in isolated sites along the prostatic tissue. In these
regions, the lipid accumulation was observed mainly at the base of the epithelial cells and as
the accumulation increased inside the cells the droplets took over the cytoplasm. In the stromal
cells close to these regions of lipid accumulation was also observed the presence of lipid
accumulation, but lesser than in the epithelial cells. We did not observe the association between
regions of lipid accumulation with prostatic lesions. The presence of regions with accumulation
varied greatly among animals of each experimental group and its quantification showed a higher
mean in the CO group despite of statistical analysis has shown no difference between the

experimental groups (Fig 1G).

Regarding the antioxidant enzymes, CAT activity was increased in the GC when compared to
the IC group, and the CO group showed no difference among the other groups. GST activity
increased in the GC group compared with IC and CO, whereas in the CO group these levels
increased compared with the IC whereas decreased compared to the GC group (Fig2). The
levels of MDA, NO, CP and SOD activity remained unaltered among the experimental groups.

Lipofuscin granules were observed in the cytoplasm of epithelial cells, and clusters of these

granules were found in the apical region of the cells, close the lumen. Cytoplasmic granules
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and lipofuscin accumulation were observed either in isolated or grouped cells within the
prostatic acini, and no association with prostatic lesions was noted (Fig 1B, D, F). The
quantification of cells bearing lipofuscin accumulation showed lower values in the GC group
compared with the IC group, while the CO group showed no changes compared with the IC and
GC groups (Fig 1H).

The experimental groups GC and CO showed a reduction in LDL and triglycerides serum levels
compared with IC. The GC group showed higher HDL values while CO lower total cholesterol

compared with the IC. The lipid profile data are shown in Table 1.
Discussion

Antioxidant capacity impairment is ranked among the leading causes of aging, being the
prostate gland highly susceptible to oxidative damage (Udensi & Tchounwou, 2016). In the
present study, we described the effect of long-term handling on prostate oxidative stress in the
Mongolian gerbil and the protective role of coconut oil on the antioxidant system. Campos et
al 2008 showed that this model is highly responsive to aging and with several alterations in the
prostate, such as intracellular lipid accumulation in addition to develop BPH and PCa
spontaneously. Our histological data corroborates the ultrastructural description of this work
that showed intracellular lipid droplets accumulated, mainly at the base of epithelial cells,
between a large number of mitochondria. The lipid droplets play important roles in the control
of membrane lipid composition, mitochondrial function, and the protection of other organelles
from lipotoxicity and oxidative stress (Jarc & Petan, 2019). However, our data indicated that
animal manipulation and long-term coconut oil consumption did not change the intracellular

lipid droplet amount or lipid peroxidation, since the MDA levels were also not changed.

Although SOD was unchanged, CAT activity increased in the GC group indicating that animal
handling of the gavage procedure altered the activity of this enzyme. Studies employing animals
as experimental models utilize gavage as the controlled route of administration, however, the
gavage procedure is considered a stressor, and its effects are highly variable (Bonnichsen,
Dragsted, & Kornerup Hansen, 2005). Psychological stress promotes the production of reactive
oxygen species (ROS) and leads to DNA damage (Gidron, Russ, Tissarchondou, & Warner,
2006), and the increase in CAT activity was observed in rats under the induction of
psychological stress, but no change in SOD levels (Duda et al., 2016). Due to this, we

hypothesize that the animal handling increased CAT in response to ROS increase resulting from
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psychological stress, although it was not enough to cause damage to lipids and proteins, seen
by the absence of changes in MDA and CP levels.

Our hypothesis regarding the animal handling to change ROS was bolstered by the GST
increase in the GC group. Increased GST levels as a compensatory mechanism against increased
oxidative stress have been related with aging (Vyskocilova et al., 2013). GST acts in the
detoxification of electrophiles by glutathione conjugation and its activity modulates the
development and progression of BPH and PCa (Udensi & Tchounwou, 2016). A putative result
of the elevated antioxidant enzymes is the decreased lipofuscin accumulation. Lipofuscin
originates from oxidative processes catalyzed by iron and due to its undegradability, it
accumulates in post-mitotic cells, being considered an aging marker of aging (Brunk & Terman,
2002). Its accumulation in the prostate is remarkable in old mice, is responsive to hormonal
alterations (Morrissey et al., 2002), and is reported as a prognostic in PCa (Mahmoodi, Zhang,
Salim, Hou, & Garcia, 2006). Therefore, high levels of CAT and GST may be associated with
increased ROS, however, these enzymes likely protected prostate cells against lipofuscin

accumulation.

The coconut oil consumption through aging mitigated the effects of animal handling since in
the CO group the levels of antioxidant enzymes and lipofuscin accumulation were similar to
the IC group. Coconut oil plays an antioxidant and protective role against anti-cancer drugs
(Famurewa, Aja, et al., 2017), and this potential is attributed of its components, such as ferulic
acid and p-coumaric acid (Marina, Che Man, Nazimah, & Amin, 2009). In addition, coconut
oil protects against alcohol-induced oxidative stress and maintains the homeostasis of serum
lipid levels (Dosumu, Akinola, & Akang, 2012).

Along aging the total cholesterol and triglyceride levels increased and were related to several
diseases (Kreisberg & Kasim, 1987). Low HDL levels and elevated triglycerides were reported
to cause oxidative stress and prostate tissue remodeling (Vanella et al., 2014). Our data showed
that decreased total cholesterol, increased HDL, and decreased LDL in the CO group were also
noted in the GC group, suggesting animal handling as the inducer of these metabolic changes.
However, we observed that coconut oil intake decreased total cholesterol and triglycerides
levels. It is reported to normalize oxidative stress and lipid profile altered by psychological
stress induction (Yeap et al., 2015). In conclusion, coconut oil may act as a protector against
the increased ROS triggered by long-term handling of the animals, and also protect against

metabolic changes resulting from aging.
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Tables

Table 1: Lipid profile in different experimental groups.

IC GC CoO
Lipid profile (mg/dL)
Total cholesterol 87.78 + 14.18? 65.68 + 14.98%P 53.38 + 11.73°
HDL 18.54 + 5.49? 33.90 + 9.57° 24.90 + 6.123P
LDL 25.64 + 11.10° 8.48 +8.13° 7.78 £ 4.43°
Triglycerides 198.0 + 65.342 116.5 + 35.66° 66.0 + 31.25°

Values expressed as mean + standard deviation. Superscript a and b represent statistically

significant differences (p < 0.05) among the experimental groups.
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Figure 1: Histological sections of gerbil prostate stained with Oil Red O (ORO) and DAPI at 400x
magnification (A, C, E) and GOmori - Halmi at 1000x magnification (B,D,F) of groups IC (A,B), GC
(C,D), and CO (E,F). White arrows point lipid droplets colored in red, black arrows point lipofuscin
accumulation colored in purple. The regions of epithelium (Ep), lumen (Lum) and stroma (Str) are
indicated. In G the percentages of ORO/DAPI area and in H the lipofuscin buildup cells/um? are
presented as mean + SD. The data of IC, GC and CO experimental groups were tested employing one-

way ANOVA and statistical difference between the experimental groups is represented by * (p < 0.05).



94

A NO B SOD C CAT
501 61 600 +|
40 z Ez

- z )

S S 4 g 400

3 30 z Z

£ o0 0

) £ £

o “¥] S 2 5004

z = 2 = 200
8 3
0- 0

Ic Ge co Ge co

D GST CcP F MDA

8 2.0- 31

e

) —=——
£ 0 3 1.5
= FE (=g
s = 2
S 4 S 1.0 =
g H g
s =
B S os
&

0 0.0

1C GC Cco GC CcOo

Figure 2: Antioxidant enzymes (A, E, F) and oxidative stress indexes (B, C, D): (A) Nitric Oxide
—NO, (B) Superoxide dismutase — SOD, (C) Catalase — CAT, (D) Glutathione S-transferase — GST, (E)
Carbonylated proteins — CP, (F) Malondialdehyde — MDA. The data of IC, GC and CO experimental
groups were tested employing one-way ANOVA and presented as mean and standard deviation and
statistical difference between the experimental groups is represented by ** (p < 0.01), *** (p < 0.001)
and **** (p < 0.0001).
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6 CONSIDERACOES FINAIS E CONCLUSAO

O desenvolvimento de lesGes na prostata, como HPB e CP ja é postulado como uma
consequéncia do envelhecimento. A presente tese evidenciou que condicdes de estresse
psicologico, geradas por procedimentos experimentais que incluiram contencdo dos animais
durante o envelhecimento, aceleram este processo. Nesse contexto estdo envolvidas alteragoes
na morfologia prostatica, na expressdo de receptores hormonais, indices de proliferacéo e de
lesbes. A inflamacdo modula a HPB por meio da acdo de células, como macrofagos e
mastdcitos, citocinas e outros fatores. Nossos dados evidenciaram que a manipulacdo dos
animais, especificamente o procedimento de gavagem, influencia na populacdo de células
inflamatdrias, no nivel de citocinas e expressdo de metaloproteinases. Outros processos
fisioldgicos associados ao envelhecimento e HPB, como o aumento do estresse oxidativo e
acumulo de lipofuscina, também se mostraram susceptiveis a esse procedimento. Ja 0 consumo
de 6leo de coco por animais sujeitos as mesmas condi¢cdes experimentais, que levaram a uma

aceleracao dos efeitos relacionados ao envelhecimento, atenuou esses efeitos.

Essa tese conclui que, em condicdes de estresse psicolégico que aceleraram os efeitos do
envelhecimento na prostata, o consumo de 6leo de coco durante o envelhecimento interfere no
desenvolvimento de HPB, atenuando a gravidade das lesGes prostaticas, diminuindo a

inflamacéo e evitando o aumento do estresse oxidativo.
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Abstract

The prostate undergoes normal or pathological morphological changes throughout life. An
understanding of these changes is fundamental for the comprehension of ageing-related
pathological processes such as benign prostatic hyperplasia (BPH) and cancer. In the present
study, we show some of these morphological changes, as well as histochemical techniques like
Weigert’s resorcin-fuchsin method, Picrosirius Red, and G6mori’s reticulin for use as tools in
the study of prostate tissue under light microscopy. For this purpose, prostates of the Mongolian
Gerbil, an experimental model that develops BPH spontaneously, were analyzed at three life
stages: young, adult, and old. The results showed that fibrillar components such as collagen,
and reticular and elastic fibers, change throughout life. We also identified the accumulation of
lipid droplets and lipofuscin granules evidenced by Oil red O and Gémori - Halmi techniques
respectively. The histochemical techniques presented here have been demonstrated to be useful
and accessible tools in prostate studies.

Key words: Prostate, Light Microscopy, Histochemical, Ageing, Mongolian Gerbil,
Lipofuscin.
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Introduction

The search for a better understanding of the association between ageing and BPH and cancer
respectively has motivated many physiological, cellular, and molecular studies (Bianchi-Frias
et al., 2010; Corona et al., 2014; Crowell et al., 2020; De Magalhé&es, 2013). In addition to a
knowledge of the particularities of the prostate gland of old mammals, the collation between
young and adults is also important, as several conditions that occur during an animal’s lifetime
can influence prostatic health (Ren et al., 2020; Morrissey et al., 2002; Alexandre et al., 2020).
In this context, histological analysis, in addition to the analysis of molecular and biochemical
data, represents an indispensable and often sovereign tool in the diagnosis of age-related

pathologies such as BPH and cancer.

Although the use of figures available in histology guides, books and even the use of virtual
microscopy is a possibility in histological studies, the practice of microscopy is necessary for a
reading of tissue samples and their anatomical variations (Pratt, 2009). In addition to mastery
of the different methods, histological practice requires mastery of histochemistry, an
investigative and diagnostic area (Wick, 2012). In view of this, although the practice of the
pathology of benign prostatic hyperplasia (BPH) is well established (Roehrborn, 2008), there

are few reports of methods suitable for light microscopy that can be applied in this practice.

Histological analysis is commonly linked to in vivo studies, although there are in vitro studies
that require morphological evaluation. In the case of in vivo prostate studies, some animals,
such as rats, dogs, and mice, are used to elucidate processes related to diseases that also affect
humans (Silva et al., 2018; Angrimani et al., 2020; Mateus et al., 2019).

Some morphological changes, such as the presence of epithelial hyperplasia, prostatic
intraepithelial neoplasia (PIN), and alterations in stromal fibrillary component disposition, are
already established as histological markers for prostate of old animals (Untergasser et al., 2005;
Campolina-Silva et al., 2020). These morphological disorders linked to ageing have already
been described in both male and female Mongolian gerbils (Meriones unguiculatus), making it
a valuable experimental model for the study of prostate ageing, since, in these animals, these

changes occur spontaneously (Custodio et al., 2010; Campos et al., 2008).

Another detectable characteristic as a sign of cellular ageing is lipofuscin accumulation, which
is directly related to oxidative stress and lipid degradation (Terman & Brunk, 2004).
Furthermore, it is recognized that the accumulation of lipid droplets in the cytoplasm is closely
associated with cell proliferation, growth, and cancer (Roman et al., 2020) and that lipofuscin
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accumulation is also considered a tracer for tumor prediction and aggressiveness (Mahmoodi
etal., 2006). Nevertheless, the correct identification of this pigment is often difficult under light

microscopy, as different stains may suggest dubious findings (Brennick et al., 1994).

In addition to morphological changes such as the appearance of lesions and changes in stromal
components, ultrastructural analyses have shown that old Mongolian gerbils also have lipid
droplets and osmiophilic granules similar to lipofuscin granules scattered throughout the
cytoplasm of epithelial cells (Custodio et al., 2008; Campos et al., 2008). However, it is not yet
clear how these indications of ageing develop throughout the lifetime of the animals. We
therefore analyzed the ventral prostate of male gerbils in three development phases, young,
adult, and old, in order to clarify how the accumulation of lipid droplets and lipofuscin that
occurs throughout these phases may be employed as markers visible under light microscopy for

the prostatic ageing study and BPH pathology
Materials and methods:
Animals, sample fixation

All the animals were born and raised in the Institute of Biosciences, Letters and Exact Sciences
/Séo Paulo State University (IBILCE/UNESP) under the orientation and authorization of the
Institutional Committee for Ethics in Animal Experimentation of the Institute (183/2018-
CEUA - Séo José do Rio Preto). The animals were kept in polyethylene boxes under controlled
light and temperature conditions (12h light/12h dark - 24°C) with water and feed ad libitum
until the time of removal of the prostate. In total, 27 male Mongolian Gerbils were distributed
equally in 3 groups representing different stages of life. Young-group (YG) animals were killed
at 1 month of age; adult-group (AG) animals at 3 months, and old-group (OG) animals at 15
months of age. For the removal of the prostate the animals were killed by inhalation of CO2
and, after dissection, the prostate was removed, washed in TBS and then submitted to the
fixation process. For light microscopy analysis, the prostate was fixed by immersion in 4%
formaldehyde prepared in phosphate buffer, pH 7.2, for 24h. For ultrastructural analysis the
prostate was fixed in Millonig’s buffer, pH 7.3, containing 0.54% glucose for 24h. For lipid
analysis, the prostate was frozen by submersion in liquid nitrogen immediately following

removal.
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General histological analysis

Following the paraformaldehyde fixing process, the samples were washed with distilled water
and dehydrated in an alcohol battery. Immediately after dehydration the samples were
processed and included in Histosec (Merck, Darmstadt, Germany). The tissues were sectioned
at 4um thick and the slides were stained with hematoxylin-eosin (HE) for general histology.
The stromal fibrillary components were accessed using the following staining methods: for the
collagen fiber analysis, the slides were stained with Picrosirius Red; for the reticular fiber
analysis, the slides were stained with Gomori’s reticulin; and, for the elastic fiber analysis, with
Weigert’s resorcin-fuchsin method. The slides were analyzed with an Olympus BX60 light
microscope (Olympus, Japan), and the resulting images were digitalized with DP-BSW V3.1
(Olympus) and Image-ProPlus 6.1 software (Media Cybernetics, Silver Spring, MD).

Lipofuscin histological analysis

Lipofuscin deposition was observed using the Gomori - Halmi method following Behmer et al.,
1976 (Behmer et al., 1976). This method is a variation of Gomori’s trichrome, which meant
that a previous treatment of the tissue with potassium permanganate — sulphuric acid followed
by metabisulphite washing was necessary. After fuchsin—paraldehyde staining the tissue was
stained with iron hematoxylin, washed with 70% alcohol and 1% hydrochloric acid, washed in
distilled water and then stained with Halmi stain. The sections were finally washed in 0.2%
aqueous acetic acid solution and dehydrated, and the slides were mounted using Canadian

balsam.
Lipid analysis

In order to assess the lipid content of the prostate cells, cryosections of prostate (25 pum
thickness) were placed on glass depression slides and fixed by immersion in formaldehyde 3.7%
at 60°C for 1h. Once fixed, the cryosections were washed in distilled water and then immersed
in 60% isopropanol for 20 minutes. The slides were then incubated in a filtered solution of 3%
oil red O in 60% isopropanol for 2h, washed in 60% isopropanol, and washed in water. Finally,
the glass slides were mounted with Fluoroshield mounting medium containing 4',6-diamidino-
2-phenylindole (DAPI; Sigma, St. Louis, MO, USA, cat. no. F6057). The sample was analyzed
ina Zeiss LSM710 Confocal Microscope with Zen 2010 software (Carl Zeiss, Thornwood, New
York).
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Ultrastructural analysis

The prostatic tissue ultrastructure was assessed by transmission electron microscopy (TEM).
To do this after fixation, the prostatic fragments were washed in Milloning’s buffer, postfixed
with 1% osmium tetroxide for 2 h, washed in Milloning’s buffer again, dehydrated in graded
acetone series and then embedded in Araldite resin. Ultrathin sections were cut using a diamond
knife and contrasted with 2% uranyl acetate for 30 min, followed by 2% lead citrate for 10 min.
The samples were observed and evaluated with a LEO — Zeiss 906 transmission electron

microscope (Zeiss, Germany).

Results
The general morphology of the prostate gland changes according to life stage

General morphological analysis determined that prostate morphology varies throughout the life
of the gerbil. The acini that make up the prostate of young animals are composed of cuboidal
epithelial cells with a basophilic cytoplasm and a voluminous, circular nucleus. Among the
epithelial cells and near to the basal lamina smaller cells can be found, corresponding to basal
cells. Surrounding this epithelium, it is possible to observe smooth muscle cells (SMC)
organized in a thick layer. The SMC are bulky and have a voluminous nucleus that follows the

format of the cell (Figure 1E).

In adult animals, the acini have a larger lumen and epithelial cells with forms varying between
cuboidal and columnar and a more acidophilic cytoplasm where it is possible to observe regions
that indicate aggregation of Golgi complex. The nucleus is located near the basal pole and
smaller about the cytoplasm. In these animals, it was also possible to observe the presence of
basal cells among the epithelial cells. In adulthood, the smooth muscle cells surrounding the

epithelium are more compacted and have a more fusiform nucleus (Figure 2E).

Due to ageing, some alterations occur in the prostatic tissue. The alveoli show irregular lumens
due to several epithelial folds and BPH that extend towards the lumen. The epithelium is often
stratified and cells that exhibit different forms generally have a chromophobic region under the
nucleus. Epithelial cells may exhibit different nuclear phenotypes, mainly in lesions like PIN.
The SMC that surround the alveoli are most decompressed with each other, and often have large
nuclei (Figure 3E).
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The stromal fibrillary components change during life stages

The use of Picrossirius red dye highlighted collagen fibers in reddish shades; however not all
the red collagen fibers (Figures 11, 21, 3I) were birefringent under the polarized light (Figures
1F, 2F, 3F). In general, collagen fibers accumulate just under the epithelium and are
intermingled with the SMC, being abundant in the non-muscular stroma. It was also possible
to highlight the collagen fibers with Gomori’s reticulin method. With this technique, the
collagen fibers exhibited a shade variation from light brown to yellow, intermingled with
reticular fibers ranging from brown to black. In all life phases, the reticular fibers intermeshed
with the SMC intermingled with the collagen fibers (Figures 1G, 2G, 3G). The elastic fibers
were highlighted by the Weigert’s resorcin-fuchsin method and exhibit a blue shade (Figures
1D, 2D, 3D). The presence of these fibers is more conspicuous in the vessels present in the non-
muscular stroma and not very marked in the muscular stroma, where they are more easily found

at the base of the epithelium.

In young animals, collagen fibers appear continuously and in large amounts underneath the
epithelium and between the SMC (Figure 11). Under polarized light, these fibers exhibit various
shades of yellow, red and green (Figure 1F). The reticular fibers were at the base of the
epithelium and intermingled with the layer of muscle cells in a sinuous and often misaligned
pattern (Figure 1G). The elastic fibers are discontinuous and vary widely in thickness. These

fibers are discretely arranged between the SMC (Figure 1D).

In adult animals, the collagen fibers extend to a lesser amount in the sub-epithelial region and
are very thin between the smooth muscle cells (Figure 21). Under polarized light, the color
shade of these fibers was less varied and less bright (Figure 2F). Concerning the reticular fibers,
in adults, these fibers are interspersed with the muscle layer in a less intense and a more
rectilinear way (Figure 2G). The elastic fibers are thinner and more delicate in a continuous and

rectilinear way (Figure 2D).

In old animals, the collagen fibers exhibit a less linear arrangement, and accumulate between
the smooth musculature (Figure 31). Under polarized light, these fibers often form bright points
and exhibit little variation between yellow and red shades (Figure 3F). Due to ageing, the
reticular fibers become thicker, mainly at the base of the epithelium, and several regions exhibit
a disarrangement and breakage of these fibers more pronouncedly around the lesions (Figure
3G). The elastic fibers exhibit a thicker shape and can display different directions of the fiber
among the SMC.
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Lipofuscin granules appear with ageing

Gomori - Halmi trichrome stained the nuclei in shades ranging from light purple to brown,
muscle fibers in yellow and elastic fibers and lipofuscin in purple (Figures 1C, 2C, 3C). Taking
into account the use of this staining to evaluate the presence of lipofuscin, the results presented
here focused on the presence or absence of these granules.

The young animals showed a clear cytoplasm with no evidence of lipofuscin. In adult
animals, on the other hand, although most epithelium secretory cells exhibited no lipofuscin-
related content, some cells exhibited small purple spots dispersed in the cytoplasm (Figure 2C).
In a few cells of adult animals, it was possible to observe the accumulation of these granules at
the apical pole of these cells (Figure 2C). In the old animals, the epithelial cells have a lot of
purple-stained spots scattered throughout the cytoplasm. In many cells, these granules
accumulate in the apical region, forming large concentrated regions of lipofuscin (Figure 3C).

With increasing age, the secretory cells accumulate lipidic droplets.

The young animals showed a clear cytoplasm with no evidence of lipofuscin. In adult animals,
on the other hand, although most epithelium secretory cells exhibited no lipofuscin-related
content, some cells exhibited small purple spots dispersed in the cytoplasm (Figure 2C). In a
few cells of adult animals, it was possible to observe the accumulation of these granules at the
apical pole of these cells (Figure 2C). In the old animals, the epithelial cells have a lot of purple-
stained spots scattered throughout the cytoplasm. In many cells, these granules accumulate in

the apical region, forming large concentrated regions of lipofuscin (Figure 3C).
Morphological changes are also observed under transmission electron microscopy

In order to check the findings of the cytochemical techniques employed, the ultrastructural
analysis was focused on structures previously observed under light, fluorescence and confocal
microscopy. The cells present a clean cytoplasm in the epithelium, with no aggregation of
organelles nor any sign of secretory vesicles. The cytoplasm reveals no lipid droplets or
lipofuscin accumulation (Figure 1B). Below the epithelial cells there is an accumulation of
collagen fibers that are also present among the smooth muscle cells and fibroblasts which are
arranged under this collagen accumulation. The collagen fibers are short, vary in thickness, and
are observed in different planes of section. The presence of elastin is sparse and presents as

subtle electrodense speckles (Figure 1H).
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The epithelial cells of the prostate of adult animals present a phenotype of synthetic and
secretory activity, in which there are many organelles, such as a well-developed rough
endoplasmic reticulum, mitochondria, and Golgi apparatus. The cytoplasm is teeming with
secretion vesicles, mainly at the apical pole, while at the basal pole the accumulation of lipid
droplets below the nucleus is remarkable. The presence of tiny osmiophilic bodies
corresponding to small lipofuscin granules was also detected (Figure 2B). The collagen fibers
beneath the epithelium exhibit a homogenous appearance; they are compacted and appear
tightly compressed between the muscle cells. Elastin is deposited near the epithelium next to

the collagen fibers (Figure 2H).

In old animals, the prostatic epithelium exhibits cells similar to those found in adult animals,
albeit with many stratified regions and many lipid droplets dispersed throughout the cytoplasm.
In the apical region, a deposit of lipofuscin granules can be found (Figure 3B). The collagen
fibers are thick and homogeneous. These fibers accumulate in the subepithelial region and
penetrate the epithelial folds. The muscle cells exhibit sinuous shapes and there is an

accumulation of collagen and elastin between these cells (Figure 3H).

The main morphological aspects in the prostate at the three life periods, young, adult and old,

are represented in figure 4
Discussion

Being familiar with the essential tools for histological practice, such as cytochemistry, enables
researchers to identify and understand tissue composition. In histological analyses related to
BPH and prostate health research, an ability to identify prostatic morphological changes that
occur in the course of a lifetime is crucial. In the present study, some morphological changes
that occur during the ageing of the prostate in an animal model are presented, as well as well-
established techniques to observe such morphological changes, which can serve as tool for

pathologists and researchers who need to examine prostate tissue.

Hematoxylin and Eosin stain is undoubtedly the most widely used stain in general histological
analyses since it displays the cytoplasm presenting acidophilia (proteins stain pink or orange)
and the nucleus presenting basophilia (stain dark blue). Although this method of staining may
vary, when used appropriately the results are satisfactory for general histological analysis
(Chan, 2014; Feldman & Wolfe, 2014; Wick, 2019). Histological sections stained with HE
shows that the basic characteristics of prostate tissue vary over the lifetime. Since the gerbil
attains puberty at 42 days of life and sexual maturity at 90 days of life (Pinto-Fochi et al., 2016),
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the young gerbil prostate (30 days of life) appears with no significant secretory activity. HE
staining reveals this condition, displaying short epithelial cells and basophilic cytoplasm. This
physiological status was confirmed by ultrastructural analysis. Besides this, the thick layer of

voluminous SMC indicates weakly turgid alveoli, with no noteworthy luminous contents.

After attaining sexual maturity, there is increased prostatic activity controlled mainly by the
action of sex hormones and their respective receptors such as the androgen receptor (AR) and
the estrogen receptors a and B (McPherson et al., 2008). Evidence of this activity is provided
by the increase in luminal space and in the height of the epithelium and secretory cells with
acidophilic cytoplasm, which indicate high synthetic activity. The tension resulting from the
increased luminal area makes the muscular layer more compact with more elongated SMC. It
is known that with ageing, there is a decrease in the serum androgenic level, and the prostatic
morphology of the gerbil reflects this hormonal condition (Corradi et al., 2009). Our data, such
as the occurrence of epithelial folds, the development of HPB and prostate lesions, corroborate
what has been previously described in the literature (Campos et al., 2008; Lee et al., 2011;
Rastrelli et al., 2019; Verze et al., 2016; Taboga & De Campos Vidal, 2003).

The homeostasis of the prostate is maintained by an interaction between the epithelium and the
stroma (Cunha et al., 1996) and, consequently, the morphological characteristics of the
epithelium of each stage of life are accompanied by stromal changes. Analysis of the stromal
fibrillary components revealed some of these alterations and also showed that these components
are responsive to alterations in the prostate gland that is not purely structural and static (P S
Vilamaior et al., 2000). Collagen is the most prevalent stromal component of extra cellular
matrix, and its presence was evidenced by Picrossirius red staining. Picrossirius red is an usual
stain for general identification of collagen fiber (Coleman, 2011) which can be analyzed under
polarized light, making it possible to distinguish fibers in different arrangements and
thicknesses (Lattouf et al., 2014).

Although this is not a specific method like immunohistochemistry, the different color shades
resulting from polarization can be indicative of the presence of type | collagen, displaying
shades from yellow to red, type 11l collagen, displaying greenish shades, and type Il collagen,
with different color shades (Montes & Junqueira, 1991; Junqueira et al., 1978). Subsequent
studies have shown that the interference colors in different absorptiometry spectra refer to
different degrees of aggregation (Taboga & Vidal, 2003). The reticular fibers were highlighted
with Gomori’s method (Gomori, 1937). Although the specificity of this method has been

questioned in some organs, such as the liver, spleen, and cardiac and skeletal muscle (Puchtler
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& Waldrop, 1978), our research group demonstrated that it is a useful method in the analysis of
the fibril components of the prostate indicating the length and thickness of the fibers, the
possible formation of bridges between adjacent fibers and ruptures (Patrcia S L Vilamaior et
al., 2000; Corradi et al., 2004; Campos et al., 2008). Histochemical analysis of the elastic fibers
raised doubts in the reading of the slides, since there is no specificity for elastin (Ross, 1973).
However, Weigert’s resorcin-fuchsin staining has been successfully employed in the analysis
of elastic fibers in rat and gerbil prostates, confirming the effectiveness of this method by

ultrastructural analysis (De Carvalho et al., 1997; dos Santos et al., 2003)

The phenotypic characteristics of SMCs and the arrangement of the fibrillar components that
make up the prostatic stroma are responsive to androgenic levels (Vilamaior et al., 2005). The
presence of large amounts of collagen, combined with misaligned reticular fibers and a lack of
elastic fibers intermingled with SMC, reveals the immature status of the prostate. The lack of
secretory activity of the acini and the consequent small luminal volume results in the distended
aspect of the stromal components (Vilamaior et al., 2006; P S Vilamaior et al., 2000). Sexually
mature animals, whose prostate is involved in intense secretory activity, have extended collagen
fibers, linear reticular fibers and very thin elastic fibers. It is known that prostate growth is
directly related to the fibromuscular stroma, that it is androgen-dependent and that androgen
influences collagen status (Miintzing, 1980). It is therefore not surprising that old animals
exhibit distinct stromal characteristics since, with ageing, there is a decrease in serum androgen

levels in gerbils (Pegorin de Campos et al., 2006).

In addition to a having thickening of reticular fibers at the base of the epithelium and thicker
elastic fibers in different orientations, the stroma of the old animals showed non-linear collagen
accumulation between the SMC, with redder and yellower shades under polarized light.
Although the color shades revealed by Picrossirius red staining under polarized light are not
specific for classifying collagen into type I, 11, and 111, different collagen fiber thicknesses result
in different shades (Dayan et al., 1989). Furthermore, this staining was validated to qualify the
collagen type in the uterine stroma and indicated that there is an increase in type | and Ill
collagen in the uterus of old animals (Briley et al., 2017). Our results therefore enable us to
report that the organization of the predominant collagen in young animals is different from that
of old and adult animals, which suggests that the prostatic stroma of young animals is mainly
composed of collagen type 111, while the prostatic stroma of adult and old animals accumulate
collagen types I and 111, with collagen | predominating in the prostate of the old.
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A morphological feature associated with ageing is the cellular accumulation of lipofuscin
granules (Terman & Brunk, 1998). Lipofuscin accumulation occurs in the prostate of humans
(Brennick et al., 1994) and rodent prostate (Jara et al., 2004) including the male and female
Mongolian gerbil (Custodio et al., 2008; Campos et al., 2008). Although Sudan-Black-B stain
has been used as a specific stain for lipofuscin (Georgakopoulou et al., 2013), the present study
revealed for the first time the possibility of using the GOmori - Halmi method to stain lipofuscin
in a paraformaldehyde-fixed and paraffin-embedded prostate. This age-related pigment could
be subtly detected in adulthood, dispersed in the cytoplasm, and markedly in old age, mainly in
the apical region of the secretory cells. Age-related damage to biomolecules leads to catabolic
impairment, generating lipofuscin, an intralysosomal material composed of proteins altered by
oxidation and residues of lipid degradation (Terman & Brunk, 2006). Lipofuscin accumulation
is also related to the oxidation of mitochondrial proteins and the consequent increase in

oxidative stress (Konig et al., 2017).

Considering that lipid peroxidation is partially responsible for lipofuscin accumulation, we also
analyzed the presence of lipid deposition using Oil red O staining. This stain makes it possible
to identify endogenous and exogenous lipid deposits. It is used in cytopathology and surgical
pathology (Wang et al., 2011) exhibiting fluorescence using the Texas red excitation filter (540-
580 nm), which makes it possible to quantify lipid accumulation with the application of Qil red
O (Koopman et al., 2001). The presence of lipid droplets in the prostate of old gerbils has
already been observed under TEM (Pegorin De Campos et al., 2006); however, this is the first
time that lipid accumulation over the lifetime of the Mongolian gerbil was shown under light
microscopy. Lipid accumulation is observed in cytoplasmic droplets from the adult phase on,
mainly in the region between the basal pole and the nucleus of the epithelial cell; however, with
the considerable increase of these lipid droplets in old animals, they are dispersed throughout
the cytoplasm at this stage of life. The occurrence of these droplets in adulthood and their
accumulation may be related to androgen levels, since androgen is involved in the regulation
of the genes involved in the importation, biosynthesis and degradation of lipids (Mah et al.,
2020). In addition to its possible use as a biomarker of ageing, intracellular lipid accumulation
is closely associated with the development and progression of prostate cancer (Mah et al., 2020;
Mitra et al., 2017).
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Conclusions

The prostate undergoes morphological changes throughout the life span. Recognizing
these changes enables possible abnormalities to be diagnosed. Two histochemical techniques,
Oil red O and Gomori - Halmi, provide evidence for two ageing markers: the accumulation of
lipid droplets and lipofuscin granules, respectively. The application of simple histochemical
techniques can spotlight many of these morphological changes that occur throughout life,
representing a useful and accessible tool in studies of ageing, in which the gerbil prostate is a

suitable model for understanding the aspects involved in the ageing process.
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Figures

A

Figure 1: Prostate of young animals. A: Frozen prostate section stained with Oil Red O and
DAPI; arrow points to basal pole of the epithelial cell. B: Ultrastructure of the epithelium; the
white arrow starts from the basal pole and the black arrow starts from the apical pole; (Nu)
nucleus, (Cy) cytoplasm; Magnification: 5019x. C: Histological sections stained with Gomori
- Halmi trichrome; nucleus marked in brown; arrow points to apical pole of the epithelial cell.
D: Histological sections stained with Weigert’s resorcin-fuchsin; arrow points to elastic fibers
marked in blue. E: Histological sections stained with Hematoxylin-eosin; dotted area delimits
region detailed in ultrastructure of the epithelium above and the muscular layer below. F:
Histological sections stained with Picrossirius red under polarized light; arrow points to
collagen fibers. G: Histological sections stained with Gomori’s reticulin; arrow points to
reticulin fibers marked in black. H: Ultrastructure of the muscular layer; the arrow starts from
collagen, elastic, and reticular fibers; (Nu) nucleus, (Cy) cytoplasm; Magnification: 5019x. I
Histological sections stained with Picrossirius red; arrow points to collagen fibers marked in

red.
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Figure 2: Prostate of adult animals. A: Frozen prostate section stained with Oil Red O and
DAPI; arrow points to basal pole of the epithelial cell with lipidic droplets marked in red. B:
Ultrastructure of the epithelium; white arrows start from lipid droplets and black arrows start
from lipofuscin granules; (Nu) nucleus, (Cy) cytoplasm; Magnification: 4646x. C: Histological
sections stained with Gomori - Halmi trichrome; nucleus marked in brown and lipofuscin
granules marked in purple; arrow points to lipofuscin granules. D: Histological sections stained
with Weigert’s resorcin-fuchsin; arrow points to elastic fibers marked in blue. E: Histological
sections stained with Hematoxylin-eosin; dotted area delimits region detailed in ultrastructure
of the epithelium above and the muscular layer below. F: Histological sections stained with
Picrossirius red under polarized light; arrow points to collagen fibers. G: Histological sections
stained with GOmori’s reticulin; arrow points to reticulin fibers marked in black. H:
Ultrastructure of the muscular layer; the arrow starts from collagen, elastic, and reticular fibers;
(Nu) nucleus, (Cy) cytoplasm; Magnification: 4893x. I: Histological sections stained with

Picrossirius red; arrow points to collagen fibers marked in red.
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Figure 3: Prostate of old animals. A: Frozen prostate section stained with Oil Red O and DAPI;
arrow points to basal pole of the epithelial cell with lipidic droplets marked in red. B:
Ultrastructure of the epithelium; white arrows start from lipid droplets and black arrows start
from lipofuscin granules; (Nu) nucleus, (Cy) cytoplasm; Magnification: 5294x. C: Histological
sections stained with Gomori - Halmi trichrome; nucleus marked in brown and lipofuscin
granules marked in purple; arrow points to lipofuscin granules. D: Histological sections stained
with Weigert’s resorcin-fuchsin; arrow points to elastic fibers marked in blue. E: Histological
sections stained with Hematoxylin-eosin; dotted area delimits region detailed in ultrastructure
of the epithelium above and the muscular layer below. F: Histological sections stained with
Picrossirius red under polarized light; arrow points to collagen fibers. G: Histological sections
stained with GOmori’s reticulin, arrow points to reticulin fibers marked in black. H:

Ultrastructure of the muscular layer; the arrow starts from collagen, elastic, and reticular fibers;
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(Nu) nucleus, (Cy) cytoplasm; Magnification: 7750x. I: Histological sections stained with

Picrossirius red; arrow points to collagen fibers marked in red.

Young animals

Adult animals

0ld animals

- Simple cuboidal epithelium;

- Smooth muscle cell thick layer;

- Numerous continuous collagen fibers;

- Sinuous reticular fibers;

- Discontinuous clastic fibers of variable thickness;
- No lipofuscin granules;

- Inconspicuous lipid droplets.

- Majority simple columnar epithelium;

- More compacted smooth muscle cells;

- Sparse thin collagen fibers:

- Less intense and more linear reticular fibers;
- Thin clastic fibers and a linear shape;

- Lipofuscin granules in a few cells;

- Accumulation of lipid droplets in the basal pole of the cell.

- Frequently stratified columnar epithelium;

- Thick layer of scattered smooth muscle cells;

- Accumulation of non-linear collagen fibers;

- Thick and disarranged reticular fibers;

- Thick elastic fibers in various orientations;

- Lipofuscin granules accumulate in various cells;

- Accumulation of lipid droplets throughout the cytoplasm.

Legend:

.-Epithelialcells s, - Smooth muscle cells == Fibroblasts = - Collagen fibres ~ ———- Reticular fibres

—— -Elastic fibres @ - Lipofuscin granules < - Lipid droplets

Figure 4: The main morphological aspects in the prostate at the three life periods.
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