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RESUMO
A glandula prostatica € muito suscetivel as alteragdes nos niveis dos andrdégenos, que
podem desempenhar um importante papel no desenvolvimento da hiperplasia
prostatica benigna (HPB). O uso de compostos naturais no tratamento da HPB vem
crescendo e tem demonstrado efeitos benéficos a préstata. O 3-Cariofileno (BCP) é
um composto fitocanabinoide que esta presente em diferentes espécies de plantas e
possui efeitos anti-inflamatério, apoptético, antiangiogénico e pode estar relacionado
com a inibicdo da proliferacdo de uma variedade de células tumorais, inclusive da
prostata. Porém, esses estudos, até 0 momento, se restringiam aos efeitos do BCP
em células em cultura, sendo necessario o conhecimento desses efeitos em modelos
animais. Dessa forma, o presente trabalho avaliou as alteracdes provocadas pela
testosterona na préstata ventral e analisou os efeitos do BCP na HPB induzida pela
testosterona na prostata ventral de gerbilos adultos. Para tal foram utilizados gerbilos
machos adultos submetidos a diferentes condicdes experimentais: injecoes
subcutaneas de testosterona (3 mg/kg), em dias alternados, durante 4 semanas e
eutanasiados, imediatamente (grupo 1) e 30 dias (grupo 2) ap6s o término do
experimento; administracdo diaria de BCP (50 mg/kg/dia), via gavagem, por 4
semanas, em gerbilos intactos (grupo 3) e que receberam a suplementacdo pela
testosterona por 30 dias (grupo 4), além dos animais pertencentes ao grupo controle
(grupo 5), que ndo receberam nenhum tratamento ou suplementacdo. Foram
realizadas analises morfolégicas, morfométricas, estereoldgicas, imuno-
histoquimicas, sorolégicas e da expressdo de proteinas na préstata ventral. Os
resultados obtidos demonstraram que a suplementacao pela testosterona promoveu
o estabelecimento de lesbes, de proliferacdo, aumento da quantidade de células
inflamatorias e alterou a proporcéo entre os compartimentos teciduais prostaticos nos
grupos 1 e 2, que receberam somente a testosterona. A administracédo de BCP em
gerbilos com HPB reduziu a frequéncia de células proliferativas e inflamatérias nos
compartimentos epitelial e estromal e de macréfagos no estroma. As analises dos
receptores hormonais mostraram o aumento da frequéncia da 5 a-redutase 2 na
prostata de todos 0s grupos experimentais comparado ao controle, do receptor de
androgeno (AR) nos grupos 1 e 2 e a reducao desse receptor nos grupos 3 e 4. Aléem
disso, foi observado o aumento da expressao do receptor de estrégeno do tipo B (ER-
B) no grupo 4 comparado ao grupo 2 indicando um possivel efeito anti-proliferativo do
BCP na hiperplasia prostatica. Também foi verificado o aumento das células em



apoptose apoés o tratamento com o fitocanabinoide em ambos os grupos 3 e 4. Assim,
conclui-se que a suplementacao pela testosterona foi suficiente para induzir a HPB e
essa condicdo hiperplasica se manteve mesmo apdés 4 semanas do fim do
experimento e, pela primeira vez demonstrado em modelo animal, que o BCP
apresentou efeitos positivos para a prostata hiperplasica, como a reducdo da
proliferacéao e inflamacgéo, indicando resultados promissores no tratamento da HPB.

Palavras-chave: Préstata. Testosterona. Hiperplasia. B-Cariofileno. Gerbilos.



ABSTRACT
The prostate gland is very susceptible to changes in androgen levels, which can play
an important role in the development of benign prostatic hyperplasia (BPH). The use
of natural compounds in the treatment of BPH has been growing and has shown
beneficial effects on the prostate. The phytocannabinoid B-Caryophyllene (BCP) is
present in different plant species and has anti-inflammatory, apoptotic, antiangiogenic
effects and may be related to the inhibition of proliferation of a variety of tumor cells,
including the prostate. However, these studies have been restricted to the effects of
BCP in cultured cells and the knowledge of these effects is necessary for the
experimental models. Thus, the present study evaluated the changes caused by
testosterone in the ventral prostate and analyzed the effects of BCP on testosterone-
induced BPH in the ventral prostate of adult gerbils. In order, we used adult male
gerbils submitted to different experimental conditions: subcutaneous applications of
testosterone (3 mg/kg), on alternate days, for four weeks and euthanized, immediately
(group 1) and 30 days (group 2) after the end of the experiment; daily administration
of BCP (50 mg/kg/day), via gavage, for four weeks, in intact gerbils (group 3) and that
received supplementation by testosterone during 30 days (group 4), and animals from
the control group (group 5), which received no treatment or supplementation.
Morphological, morphometric, stereological, immunohistochemical, serological, and
protein expression analyses were performed on the ventral prostate. The results
showed that testosterone supplementation promoted the establishment of lesions, cell
proliferation, increased number of inflammatory cells and altered the proportion
between prostatic tissue compartments in the groups 1 and 2 that received
testosterone alone. BCP administration in gerbils with BPH reduced the frequency of
proliferative and inflammatory cells in the epithelial and stromal compartments and
macrophages in the stroma. Hormone receptor analyses showed an increase in the
frequency of 5 a-reductase 2 in the prostate of all experimental groups compared to
the control, of the androgen receptor (AR) in groups 1 and 2, and a reduction of this
receptor in groups 3 and 4. In addition, the estrogen receptor type B (ER- ) expression
increased in group 4 compared to group 2 indicating a possible anti-proliferative effect
of BCP on prostatic hyperplasia. The increase of cells in apoptosis after the
phytocannabinoid treatment was also observed in both groups 3 and 4. In conclusion,
the testosterone supplementation was sufficient to induce BPH and this hyperplastic

condition remained even four weeks after the end of the experiment and, for the first



time demonstrated in an animal model, that BCP showed positive effects for the
hyperplastic prostate, such as reduced proliferation and inflammation, indicating
promising results in the treatment of BPH.

Keywords: Prostate. Testosterone. Hyperplasia. B-Caryophyllene. Gerbils.
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1. INTRODUCAO

1.1. Aglandula prostéatica

A préstata € uma glandula acessoria do sistema reprodutor de mamiferos e, em
machos esté localizada abaixo da bexiga urinaria (AARON; FRANCO; HAYWARD,
2016; VERZE; CAl; LORENZETTI, 2016). E responsavel pela producéo de nutrientes,
manutencdo do gradiente ibnico e por propiciar o pH ideal que irdo compor o fluido
seminal e contribuir com a motilidade e a sobrevivéncia dos espermatozoides,
garantindo o sucesso reprodutivo (UNTERGASSER; MADERSBACHER; BERGER,
2005).

A glandula prostatica adulta € composta por uma estrutura tabulo-alveolar
(PRICE; D., 1961; ROCHEL et al., 2007). Em humanos, a préstata possui morfologia
mais compacta e é diferenciada nas zonas central, de transi¢cdo, periférica e
fiboromuscular (Figura 1A) (CROWLEY et al., 2020; DE MARZO et al., 2007; MCNEAL,
1988). Entretanto, a préstata de roedores € dividida em lobos distintos, sdo eles:
anterior ou glandula coaguladora, ventral, lateral e dorsal (Figura 1B), sendo que
esses dois Ultimos podem ser encontrados agrupados em alguns animais, sendo
denominados de lobo dorsolateral (CROWLEY et al., 2020; HAYWARD; CUNHA,
2000; SHAPPELL et al., 2004).

Figura 1. Representacdo esquematica da préstata humana (A) e de roedores (B). Zona central (ZC),

zona periférica (ZP), zona de transicdo (ZT) e zona fibromuscular (ZF).

B VESICULA
SEMINAL

PROSTATA
VENTRAL

PROSTATA
ANTERIOR

PROSTATA

LATERAL PROSTATA

DORSAL

FONTE: Extraido e adaptado de DE MARZO et al., 2007; RISBRIDGER; TAYLOR, 2006.
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Histologicamente, a prostata € composta pelos compartimentos luminal,
epitelial e estromal (Figura 2). O epitélio prostatico € pseudoestratificado e apresenta
quatro tipos de células (basais, secretoras luminais, intermediarias e neuroenddcrinas)
que reagem diferentemente aos horménios esteroides (RISBRIDGER; TAYLOR,
2006; RUMPOLD et al.,, 2002). As células secretoras luminais sdo os tipos mais
frequentes no compartimento epitelial e sdo responsaveis pela sintese e secrecdo de
proteinas, incluindo o antigeno prostatico especifico (PSA) e a fosfatase acida
prostatica (PAP), em direcdo ao lumen (MARKER et al., 2003; RISBRIDGER,;
TAYLOR, 2006).

As células epiteliais basais atuam como fonte progenitora das células
secretoras (RISBRIDGER; TAYLOR, 2006). Na prostata humana, as células basais
se distribuem de modo continuo entre a membrana basal e as células secretoras.
Porém, em roedores sdo encontradas em menor quantidade e dispersas em uma
camada descontinua ao redor dos ductos prostaticos (MARKER et al., 2003). No
compartimento epitelial ainda podem ser encontradas as células neuroendocrinas que
estdo presentes em menor frequéncia e também, as células intermediarias (MARKER
et al.,, 2003) e outros tipos celulares, como o0s macréfagos e os linfocitos
(CHATTERJEE, 2003; SFANOS et al., 2018).

A lamina basal faz a separacdo do epitélio e do estroma (CZYZ; SZPAK;
MADEJA, 2012; SCHAUER; ROWLEY, 2011). A interacao fisica e bioguimica entre
0s constituintes estromais e epiteliais é crucial para a manutencéo e o funcionamento
da glandula prostética (LEVESQUE; NELSON, 2018). O compartimento estromal é
composto por células musculares lisas (CML), fibroblastos, células endoteliais, células
nervosas, teldcitos e infiltrados celulares como os linfocitos, macréfagos e mastacitos,
imersos em uma matriz extracelular (MEC) associada a fatores de crescimento,
moléculas reguladoras e enzimas remodeladoras (CHATTERJEE, 2003; CORRADI et
al., 2013; CZYZ; SZPAK; MADEJA, 2012; FELISBINO et al., 2019; GANDAGLIA et al.,
2013; MARKER et al.,, 2003; ROY-BURMAN et al., 2004; SFANOS et al., 2018;
TUXHORN; AYALA; ROWLEY, 2001).

As CML séo o tipo celular mais frequente no estroma e atuam na contracao
durante a ejaculacdo, de modo a auxiliar na eliminacdo da secrecédo prostatica na
uretra e, juntamente com os fibroblastos estéo relacionadas com a producdo de
fatores autdcrinos e paracrinos que contribuem para a homeostase prostatica
(MARKER et al., 2003; ROCHEL et al., 2007). Além disso, essas células também
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propiciam um microambiente adequado composto por fibras elasticas e coldgenas (DE
CARVALHO; TABOGA; VILAMAIOR, 1997; DE CARVALHO; VILAMAIOR; TABOGA,
1997; VILAMAIOR et al., 2000), proteoglicanos (KOFOED et al., 1990; LEVESQUE;
NELSON, 2018), laminina (DE CARVALHO; LINE, 1996) e metaloproteinases de
matriz extracelular (MMPs) (KIANI et al.,, 2020), que auxiliam na estrutura, na
flexibilidade e na permeabilidade da MEC (LEVESQUE; NELSON, 2018; TUXHORN;
AYALA; ROWLEY, 2001).

Figura 2. Componentes celulares dos compartimentos da préstata madura.

Lamina basal .
Vaso sanguineo

Célula basal
ESTROMA

Matrix

Nervo auténomo
Extracelular

Linfécito
Células neuroenddcrinas

Célula muscular lisa

Macréfagos

FONTE: Extraido e adaptado de BARRON; ROWLEY, 2012.

1.2. Regulacdo hormonal da prostata

Os hormoénios esteroides, como 0s androgenos e 0s estrogenos, estao
envolvidos na formacdo, no desenvolvimento e na manutencdo da proéstata
(THOMSON; CUNHA; MARKER, 2008; VICKMAN et al., 2020; WILSON, 2011). A
producdo de androgenos € regulada pelo eixo hipotalamico-hipofisario-gonadal

(KLUTH et al., 2014) e a testosterona (T) é o principal andrégeno circulante no
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organismo masculino, sendo produzida, em sua maioria, pelos testiculos
(ROEHRBORN, 2008; WILSON, 2011). As glandulas adrenais também produzem
androgenos circulantes, sdo esses: dehidroepiandrosterona (DHEA), sulfato de
dehidroepiandrosterona (S-DHEA) e androstenediona (HO; HABIB, 2011). Apesar
desses andrégenos serem produzidos em menor quantidade, eles podem ser
convertidos em metabdlitos de esteroides mais ativos e atuar indiretamente no
crescimento e na manutencdo da glandula prostatica (HO; HABIB, 2011; ZONG,;
GOLDSTEIN, 2013).

Os andrégenos prostaticos, oriundos de distintos locais do organismo, séo
encontrados na forma de di-hidrotestosterona (DHT) que € sintetizada a partir da T
pela acdo da enzima 5 a-redutase (5aR) (Figura 3) (ROBITAILLE; LANGLOIS, 2020;
VERZE; CAl; LORENZETTI, 2016; WILSON, 2011). Existem trés tipos de enzimas 5
a-redutases (5aR1, 5aR2 e 5aR3) e todas s&o expressas na prostata de mamiferos,
porém a 5aR2 é a mais comum (ROBITAILLE; LANGLOIS, 2020; VICKMAN et al.,
2020; ZHU; IMPERATO-MCGINLEY, 2009).

A T e a DHT ligam-se aos receptores de androgenos (ARsS) presentes no
epitélio e no estroma prostéatico, entretanto a DHT tem mais afinidade com o AR
(NIETO; RIDER; CRAMER, 2014; ROEHRBORN, 2008; THOMSON; CUNHA;
MARKER, 2008). O AR é o mediador da acdo androgénica em todos os tecidos que
sdo andrégeno-dependentes (NIETO; RIDER; CRAMER, 2014). De acordo com o
microambiente e os niveis hormonais, os ARs podem tanto estimular como inibir a
proliferacéo celular (NIETO; RIDER; CRAMER, 2014). Além disso, 0 AR presente no
estroma é necessario para a diferenciacdo e a proliferacdo das células epiteliais
durante o desenvolvimento e a expressdo de AR epitelial € essencial para que a
glandula prostatica exerca sua atividade secretdoria (CUNHA; CHUNG, 1981;
DONJACOUR, 1993).

Os estrogenos podem ser convertidos, a partir da T, pela enzima aromatase,
em estradiol (Figura 3), sendo o 173-estradiol o mais comum nos homens (HO; HABIB,
2011; NICHOLSON; RICKE, 2011; WILSON, 2011). Eles também sdo horménios
importantes para a regulacéo do crescimento prostatico durante todos os estagios da
vida (ELLEM; RISBRIDGER, 2009). Na prostata, a acdo dos estrogenos pode ser
mediada pelos receptores de estrogeno do tipo a (ER-a) e do tipo B (ER-B) (COOKE
et al., 2017). Nas diferentes espécies de mamiferos, esses receptores estao

localizados em todos os compartimentos prostaticos, porém o ER-a pode ser mais
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expresso no estroma e 0 ER-3 no epitélio, o que indica que eles podem desempenhar
efeitos distintos (HO; HABIB, 2011). O ER-a pode estar envolvido com o estimulo a
proliferacéo e no estabelecimento da inflamacé&o, enquanto que o ER-B pode exercer
o papel anti-proliferativo, anti-inflamatério e apoptético (HO; HABIB, 2011;
RISBRIDGER; ELLEM; MCPHERSON, 2007; WARNER et al., 2020).

Figura 3. Conversdo de testosterona em di-hidrotestosterona e estradiol.
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FONTE: Extraido e adaptado de WILSON, 2011.

1.3. Hiperplasia prostéatica benignha e suplementacao pela testosterona

A Hiperplasia Prostatica Benigna (HPB) é uma doenca prostatica comum que
afeta os homens, principalmente em idades avancadas (ELKAHWAJI, 2013;
MADERSBACHER; SAMPSON; CULIG, 2019; VERZE; CAIl; LORENZETTI, 2016).
Entre as principais doencas urologicas, em 2017, a prevaléncia de HPB mundial foi
trés vezes maior que o cancer de prdstata e sua incidéncia aumentou em 80% entre
1990 e 2017 (LAUNER et al., 2021). Histologicamente, a HPB é caracterizada pela
proliferacdo das células epiteliais e estromais na zona de transicdo periuretral da
prostata (MCNEAL, 1978; ROEHRBORN, 2008).

Na HPB, a proliferacdo celular pode resultar no aparecimento de lesbes, como
a neoplasia intraepitelial prostatica (NIP). Essa lesdo pode ser caracterizada pela

hiperplasia das células epiteliais secretoras luminais, pelo aumento do volume dos
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ndcleos e nucléolos e pela reducédo das células basais (SHAPPELL et al., 2004;
SHEN; ABATE-SHEN, 2010). Com a progressdo da doenca, pode ocorrer o
rompimento da lamina basal e a invasdo de pequenos grupos de células, resultando
no carcinoma microinvasivo (SHAPPELL et al., 2004).

Apesar da alta prevaléncia e do impacto socioeconémico, a patofisiologia da
HPB ainda € pouco entendida (MADERSBACHER; SAMPSON; CULIG, 2019;
NICHOLSON; RICKE, 2011; ROEHRBORN, 2008). Essa doenca esta associada a
idade, inflamacdo, alteracbes metabodlicas e hormonais (CHATTERJEE, 2003;
CHUGHTAI et al., 2011; DE NUNZIO; PRESICCE; TUBARO, 2016; SHAH et al., 2021;
UNTERGASSER; MADERSBACHER; BERGER, 2005). Em idosos, os sintomas do
trato urinario inferior (LUTS) geralmente estdo associados a HPB (LANGAN, 2019;
SHAH et al., 2021; UNTERGASSER; MADERSBACHER; BERGER, 2005).

A préstata também é dependente de fatores de crescimento, que consistem em
pequenas moléculas de peptideos que podem estimular ou inibir, dependendo da
situacdo, a divisdo e a diferenciacdo celular, como exemplo o fator de crescimento de
transformacao B (TGF-B) (LEE, KEITH L; PEEHL, 2004). A interacdo entre esses
fatores e os hormonios esteroides, como os andrégenos, pode alterar o balanco entre
a proliferacdo e morte das células e, com isso, acarretar no surgimento da HPB (Figura
4) (LUCIA; LAMBERT, 2008; ROEHRBORN, 2008).

Figura 4. Representagdo esquemética da agdo de andrégenos e de fatores de crescimento na

proliferac@o e na morte celular prostatica em condi¢cdes normais (A) e na HPB (B).
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FONTE: Extraido e adaptado de ROEHRBORN, 2008.
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A sinalizacdo hormonal da HPB esta relacionada com a presenca dos
receptores de esteroides, como os ARs e os ERs (HO; HABIB, 2011,
MADERSBACHER; SAMPSON; CULIG, 2019). As funcdes do ER-a e do ER-B na
patogenia da HPB ainda néo estdo totalmente esclarecidas (NICHOLSON; RICKE,
2011).

A 5aR desempenha o papel importante na patogénese dessa doenga, uma vez
que inibidores dessa enzima tém sido amplamente utilizados no tratamento da HPB.
Esses inibidores suprimem a conversao de T em DHT, diminuindo o volume da
prostata e amenizando os sintomas da doenca (ANDRIOLE et al.,, 2004;
LOKESHWAR et al, 2019; MADERSBACHER; SAMPSON; CULIG, 2019;
RITTMASTER, 2008; VICKMAN et al., 2020).

Os ARs exercem papel fundamental no desenvolvimento da HPB (IZUMI et al.,
2013; VICKMAN et al., 2020). Estudos sugerem a associacdo entre a elevada
expressao desses receptores com o aumento da proliferacéo celular no estroma e no
epitélio prostatico e inibicdo da apoptose, 0 que acarreta no crescimento da glandula
prostatica (BELLO et al., 1997; FICARRA et al., 2014; SILVA et al., 2001). Diante da
funcdo do AR na HPB, tratamentos que causam a reducéo desse receptor tem sido
utilizados para aliviar os sintomas da doenga e diminuir o tamanho da glandula (1IZUMI
et al., 2013).

A expressdo de AR na préstata hiperplasica pode estar relacionada com o
recrutamento de células inflamatérias (LU et al., 2012; WANG et al., 2012; WU et al.,
2012). A inflamacdo também é um processo que esta diretamente associado a HPB
(DE NUNZIO; PRESICCE; TUBARO, 2016; FICARRA et al., 2014; GANDAGLIA et al.,
2013). O aumento de infiltrados inflamatoérios na préstata, como linfocitos B e T e
macrofagos e a ativacdo de citocinas que aumentam a concentracao de fatores de
crescimento podem contribuir para o desenvolvimento da HPB (GANDAGLIA et al.,
2013; LU et al., 2012; WANG et al., 2012; WU et al., 2012).

A HPB pode ser induzida pela suplementacdo hormonal, seja pela associacéo
entre andrégenos e estrogenos ou somente pelo uso de horménios androgénicos
(MIAO et al.,, 2019; WANG et al., 2015). Os ésteres de T, como 0 propionato, 0
cipionato e o enantato sdo comumente usados em terapias de reposicdo hormonal em
homens com baixos niveis ou auséncia de T enddgena (Bl et al., 2018; MATSUMOTO;
NAMIKI, 1994; REY; GRINSPON, 2020). Além disso, a utilizacdo desses analogos de
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andrégenos na inducdo de HPB é bem estabelecida em modelos experimentais
(SAYED; SAAD; EL-SAHAR, 2016; TSAI et al., 2020; ZHANG et al., 2021).

A T é frequentemente utilizada em estudos que buscam esclarecer o
funcionamento e a patogénese da hiperplasia (BOSLAND, 2014; CHEN et al., 2018;
SHIRAI et al., 2000). Ademais, pesquisas realizadas com ratos, camundongos e caes,
que recebem as aplicacbes subcutaneas dessas drogas androgénicas tem se
demonstrado efetivas na inducéo da HPB para entéo realizar a investigacdo de novos
tratamentos para essa doenca (ABDEL-AZIZ et al., 2020; BASHA et al., 2019; HONG
et al., 2020; KIRIYA et al., 2019; Ll et al., 2018).

1.4. O gerbilo da Mongodlia como um modelo para estudos da prostata

O gerbilo da Mongdlia (Meriones unguiculatus) € um roedor pertencente a
familia Muridae, subfamilia Gerbillinae (Figura 5 A). Eles sdo menores que ratos e
maiores que camundongos e 0s machos, na fase adulta, pesam em torno de 70-100
g. Por serem animais de origem desértica, os gerbilos se adaptam a climas secos e
guentes. Geralmente, em laboratorio, eles apresentam comportamento docil e séo
faceis de manusear (BATCHELDER et al., 2012; FISHER; LLEWELLYN, 1978; RICH,
1968).

Esses roedores tém sido frequentemente utilizados como modelos
experimentais em pesquisas cientificas. Tais estudos abrangem diferentes areas:
genética (RAZZOLI et al., 2003); comportamental (DENG; LIU; WANG, 2017);
imunologia (XU; WANG, 2011); fisiologia (KHAKISAHNEH et al., 2019; UMEZU;
KURIBARA; TADOKORO, 1989); parasitologia (BELOSEVIC et al., 1983) e na
reproducao, abrangendo as glandulas mamarias (LEONEL et al., 2017), a préstata
(TABOGA; VILAMAIOR; GOES, 2009) e os testiculos (NEGRIN et al., 2018; PINTO-
FOCHI et al., 2016).

Os estudos relacionados a prostata dessa espécie de roedor tém-se
demostrado bem promissores na administracdo de hormoénios (ANTONIASSI et al.,
2017; BIANCARDI et al., 2015; FALLEIROS-JUNIOR et al., 2016; PEREZ et al., 2016;
SCARANO et al., 2008; ZANATELLI et al.,, 2021), no desenvolvimento de lesdes
associadas ao envelhecimento (CAMPOS et al., 2008; PEGORIN DE CAMPOS et al.,
2006), nos efeitos de desreguladores endécrinos (COLLETA et al., 2015; DE JESUS
et al., 2015; FACINA et al., 2018) e na inducao de lesdes proliferativas (GONCALVES
et al., 2010, 2013; QUINTAR et al., 2017). A préstata do gerbilo é semelhante a dos
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demais roedores, sendo constituida pelos lobos ventral, anterior, dorsal e dorsolateral
que estdo associados a uretra (Figura 5 B,C) (ROCHEL et al., 2007).

O lobo ventral é o mais utilizado em estudos da prostata por ser altamente
responsivo aos androgenos (CORDEIRO et al., 2008). Em geral, a prostata dos
gerbilos apresenta epitélio pseudoestratificado e o estroma conjuntivo rico em
diversas células, entre elas as endoteliais, os fibroblastos e as células musculares
lisas dispostas ao redor dos acinos (PEGORIN DE CAMPOS et al., 2006; ROCHEL et
al., 2007). A distribuicdo do estroma fibromuscular e dos componentes estromais na

prostata de gerbilos é semelhante a encontrada na glandula prostatica humana
(PEGORIN DE CAMPOS et al., 2006).

Figura 5. Gerbilo da Mongdlia (A). Complexo prostatico do gerbilo adulto em vistas lateral (B) e dorsal
(C). 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: Extraido e adaptado de ROCHEL et al., 2007.

1.5. Efeitos do tratamento fitoterapico na préstata

O tratamento para a HPB pode ser realizado por medicamentos convencionais
e por fitoterdpicos (PAGANO et al.,, 2014). As drogas prescritas pela medicina
convencional, como antagonistas a-1 dos receptores adrenérgicos ou inibidores da
5aR reduzem os sintomas da doenga e o tamanho da prostata (ANDRIOLE et al.,
2004; EDWARDS, 2008; RITTMASTER, 2008). Porém, esses remédios apresentam
muitos efeitos colaterais como a disfungéo erétil, a perda da libido, os problemas

durante a ejaculacédo, dentre outros. Além disso, em alguns casos de HPB sao
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adotados a reducéo cirirgica da glandula prostética (EDWARDS, 2008; PAGANO et
al., 2014).

A fitoterapia € um tratamento alternativo para a HPB que vem sendo muito
utilizado em paises europeus, como a Austria, por exemplo (PAGANO et al., 2014).
Possivelmente, esse aumento no uso das plantas medicinais e compostos naturais
deve-se a existéncia de poucos efeitos adversos durante o tratamento (PARK et al.,
2019). Dentre esses compostos, é possivel destacar o saw palmetto (Seronoa
repens), a cereja africana (Pygeum africanum), a batata africana (Hypoxis rooperi), a
abobrinha (Cucurbita pepo), o centeio (Secale cereale), a ortiga (Urtica dioica), o
fitoesterol presente no abacate e em sementes oleaginosas (8-Sitosterol), o licopeno,
o selénio e as isoflavonas de soja (KEEHN; TAYLOR; LOWE, 2016; PAGANO et al.,
2014; PATERNITI et al., 2018).

1.6. B-Cariofileno

Os canabinoides (CBs) sdo uma familia heterogénea de compostos que se
ligam aos receptores de canabinoides. Esses compostos sdo divididos em trés grupos,
de acordo com a sua origem: os fitocanabinoides (compostos naturais presentes na
Cannabis sativa), os endocanabinoides e 0s canabinoides sintéticos (analogos
sintéticos de ambos os grupos, como o0 WIN-55,212-2 que é uma mistura de agonistas
de CBs) (FRAGUAS-SANCHEZ; FERNANDEZ-CARBALLIDO; TORRES-SUAREZ,
2016). Os receptores de CBs pertencem a familia de receptores acoplados a proteina
G e sao divididos em dois subtipos: os receptores de canabinoides tipo 1 (RCB1) e 0s
receptores de canabinoides tipo 2 (RCB2) (DIAZ-LAVIADA, 2011; DOBOVISEK;
HOJNIK; FERK, 2016).

Os RCBL1 estéo presentes principalmente no sistema nervoso central e também
no sistema cardiovascular, respiratério, reprodutor e nos adipécitos. Os RCB2 séo
expressos preferencialmente em tecidos periféricos e no sistema imune, mas também
séo encontrados no trato gastrointestinal, no sistema nervoso central e periférico, nos
0sso0s, no tecido adiposo e nos o6rgdos reprodutivos (DIAZ-LAVIADA, 2011;
DOBOVISEK; HOJNIK; FERK, 2016; WU, 2019). Ambos receptores estéo presentes
na prostata em condi¢cdes normais e ja foram encontrados em biopsias de pacientes
com HPB (DIAZ-LAVIADA, 2011).

O sesquiterpeno B-Cariofileno (BCP) é um fitocanabinoide agonista seletivo do

RCB2. Na natureza, esse composto pode ser encontrado principalmente na forma de
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trans-cariofileno ((E)-BCP), e também como (Z)- B-Cariofileno ou iso-cariofileno ((2)-
BCP), a-humuleno (a-cariofileno) e, apds sofrer o processo de oxidagdo, como 6xido
de B-Cariofileno (BCPO) (Figura 6) (FIDYT et al., 2016; FRANCOMANO et al., 2019).
O BCP esta presente em diversos 6leos essenciais e plantas alimenticias como na
pimenta preta (Piper nigrum L.), no alecrim (Rosmarinus officinalis), na canela
(Cinnamomum spp.), no orégano (Origanum vulgare L.), nho manjericdo (Ocimum
spp.), ho tomilho (Thymus vulgaris), na sélvia (Salvia officinalis), na hortelda (Mentha
piperita), no gengibre (Zingiber officinale) e no cravo (Syzygium aromaticum). Além
disso, ele também pode ser encontrado na citronela (Cymbopogon), no pinheiro
(Pinus), na maconha (Cannabis sativa) e em plantas do género Copaifera, Artemisia,
Murraya, Cordia, Spiranthes, Ocimum, entre outras (FRANCOMANO et al., 2019;
MACHADO et al., 2018; OLIVEIRA et al., 2018; SHARMA et al., 2016).

Figura 6. Diferentes formas do BCP. Oxido de B-Cariofileno (A), (Z)- B-Cariofileno (B), trans-cariofileno
(C), a-humuleno (D).
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FONTE: Extraido e adaptado de FIDYT et al., 2016.

O uso do BCP é frequentemente utilizado como intensificador de sabor pela
industria alimenticia e na fabricacdo de cosméticos (GERTSCH et al., 2008; RASTOGI
et al., 1998). Estudos indicam que o BCP possui propriedades benéficas em diferentes
patologias, desempenhando o papel neuroprotetor (OJHA et al., 2016), anti-
inflamatorio (CHANG et al., 2013), antitumoral (PAVITHRA; MEHTA; VERMA, 2018),
cardioprotetor (PODDIGHE et al., 2018), na redugédo do estresse oxidativo (AMES-
SIBIN et al., 2018), entre outras fungdes.

Na prostata, as pesquisas existentes sdo restritas somente a linhagens
celulares de cancer prostatico e mostram o efeito antitumoral desse fitocanabinoide
da forma de BCPO (KIM et al., 2014; PARK et al., 2011). Deste modo, por ser um
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composto com potencial terapéutico e devido a escassez de estudos do BCP na
prOstata e em animais, sd0 necessarias pesquisas para elucidar os efeitos desse
composto na glandula prostatica in vivo em diferentes condi¢cdes experimentais e

assim, validar o uso terapéutico em humanos.
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2. JUSTIFICATIVA

O grande interesse em se compreender a biologia prostatica deve-se tanto ao seu
intrigante processo de desenvolvimento, quanto a alta incidéncia de doencas
prostaticas, como adenocarcinoma e a HPB (MARKER et al.,2003; UNTERGASSER
et al., 2005; RISBRIDGER et al.,, 2005). O desenvolvimento e a diferenciacao
prostatica séo regulados principalmente por andrégenos, e sensiveis alteracdes ou
interferéncias nos niveis desses hormdnios podem alterar o padrdo normal de
desenvolvimento dessa glandula (PRINS et al., 2008).

A utilizagdo de compostos naturais para o tratamento de algumas doengas tem
sido cada vez mais comum (PAGANO et al.,, 2014). Essas substancias naturais
desempenham algumas acdes benéficas ao organismo e sdo importantes alvos
terapéuticos no tratamento de doencas (PARK et al., 2019), como por exemplo o B-
Cariofileno, composto que ainda tem sua a¢éo pouco estudada na prostata (BEGNINI
etal., 2014; FIDYT et al., 2016). Assim, € importante compreender os mecanismos de
acao dessa substancia sobre a préstata em condicdes de alteracdes proliferativas,
como aquelas promovidas pela testosterona. Além disso, entender os mecanismos de
atuacao dos diferentes componentes celulares e macromoleculares frente a essa
situacdo experimental, bem como suas inter-relagbes na prostata tornam-se
instrumentos muito importantes para o entendimento do desenvolvimento, da

estrutura e da fisiologia da glandula em processos proliferativos e inflamatorios.
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3. HIPOTESE

A hipotese deste trabalho é que a suplementagcdo pela testosterona promova o
estabelecimento da HPB e essa condicdo permaneca mesmo apos o término da
inducao hormonal e, que o BCP possa amenizar ou reverter os efeitos provocados

pela hiperplasia na prostata.
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4. OBJETIVOS

4.1.

Objetivo geral

O presente trabalho teve por objetivo avaliar os efeitos do B-Cariofileno sobre a

préostata ventral de gerbilos adultos apds a inducdo do ambiente hiperplasico pela

suplementacao com testosterona.

4.2.

Objetivos especificos
Analisar as alteracBes histopatolégicas, hormonais e na frequéncia de
receptores provocadas pela testosterona suplementada imediatamente e 30

dias ap6és a inducdo da HPB,;

Determinar a incidéncia e multiplicidade das lesfes prostaticas nas diferentes

condi¢cbes experimentais;
Verificar a expressao dos receptores esteroides na préstata ventral;

Avaliar a presenca de diferentes tipos de células inflamatérias na préstata

ventral dos gerbilos;
Analisar a frequéncia de células em proliferacdo e em apoptose;

Determinar os niveis de horménios esteroides e o balanco entre eles nos

diferentes grupos experimentais.
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5. RESULTADOS

Os resultados do presente trabalho foram divididos em trés artigos cientificos.
O artigo 1 e 3 estdo em fase de elaboracéo e serdo submetidos as revistas Andrology
e Biochemical Pharmacology”, respectivamente. O artigo 2 apresenta os resultados ja
publicados na revista The Prostate (ISSN 1097-0045, 2021, 1-13.
https://doi.org/10.1002/pros.24177).
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5.1. Artigo 1.

Sera submetido a revista “Andrology”.

Testosterone supplementation alters the 5aR2, the proliferation and prostatic
lesions even four weeks after the end of the hormonal administration in the

ventral prostate of mature gerbils.

Nayara Fernanda da Costa Castro?, Fernanda Costa Jubilato!, Luiz Henrique Alves
Guerral, Ellen Cristina Rivas Leonel?, Fernanda Cristina Alcantara dos Santos?,
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Abstract:

Background: Androgens are related to the development of Benign Prostatic
Hyperplasia (BPH) and prostate cancer. Testosterone is frequently used as a potent
prostate disease inductor. Studies with BPH-induced are very important and enable
testing of new strategies of BPH treatment.

Objectives: The present study proposes to evaluate the effects of testosterone-induced
BPH induction immediately and after four weeks to the end of hormonal administration
in the ventral prostate of mature Mongolian gerbils, focusing on histopathologic
alterations, distribution in the prostatic compartments, proliferation, inflammation,
hormonal serum levels and in the expression of hormonal receptors.

Material and Methods: The animals were divided into control (C), that did not receive
any treatment; and BPH-induced groups that received subcutaneous injections of
cypionate testosterone (3mg/kg), in alternating days, for 30 days. Next, the animals
were euthanized immediately (Testo) and 30 days (Testo+30) after the end of the
hormonal administration. We performed biometric, hormonal, histopathologic,
immunohistochemistry, and immunoblotting analyses.

Results: BPH-induced by testosterone increased the ventral prostate weight and the
epithelium and muscular stroma proportion, which indicates that the hormonal
administration was sufficient for the establishment of this hyperplasic condition even
after four weeks after the end of the exogenous stimulus. The testosterone promoted
the development of prostatic lesions, demonstrated the presence of microinvasive
carcinoma only in Testo+30 and increased the multiplicity of subepithelial inflammation
and PIN area in the Testo and Testo+30 groups. Regarding the expression of 5aR2
and AR-positive cells, there was an increase in both BPH-induced groups. The
inflammatory and proliferative analysis showed an increase in the PHH3-positive cells
in the Testo and Testo+30 groups, and it was higher even after 4 weeks after the
hormonal administration; an increase in the incidence of COX2-positive cells and F4/80
macrophages in the BPH-induced groups. In addition, the hormonal administration also
caused an increase in the frequency of metalloproteinase type 2 (MMP-2) and 9 (MMP-
9).

Discussion: The androgens can stimulate cell proliferation and consequently the
recruitment of cytokines and inflammatory cells that can promote the unbalance in the
proportion of prostatic compartments. Testosterone altered the distribution of hormonal

receptors, enzymes, macrophages, and proliferative cells. Moreover, this comparative
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study contributes to a better understanding of testosterone in BPH development in
distinct periods of analysis.

Conclusion: Testosterone administration caused the BPH establishment that remains
after four weeks of the hormonal stimulation. The analysis of the ventral prostate in the
Testo+30 group indicates that the testosterone continued to influence the prostate
function, promoting an increase in the 5aR2 and consequent increase in the cell
proliferation that can be related with the presence of microinvasive carcinoma.
Therefore, the present study shows the testosterone effects in the prostate gland and
demonstrates, for the first time, that the altered microenvironment remains even after

30 days of hormonal administration.

Introduction:

In males, the testosterone is the principal circulating androgen and is responsible
for male sexual differentiation®2. In target organs, such as the prostate, testosterone
is converted into dihydrotestosterone (DHT) by the enzyme 5 a-reductase!. This
hormone binds to the androgen receptor (AR), a principal sex steroid receptor in the
prostates,

Although testosterone is essential for the development and maintenance of the
male reproductive system*-, due to its proliferative effect, it has been implicated as a
possible promoter of prostate diseases, such as cancer and benign prostatic
hyperplasia (BPH)>>78, Studies indicate that testosterone administration in
combination with N-nitroso-N-methyl urea (MNU), is frequently used as a potent
inducer of carcinogenesis in animals prostate”9-11.

BPH is a common prostate disease and may be caused by aging'?13, tissue
remodeling®?, inflammation'4, imbalance of androgen/estrogen signaling’:18,
overexpression of stromal/epithelial growth factors'®, hypoxia?°, defects of stem cells?!
or epithelial-mesenchymal transitions??23, Despite the high incidence of BPH, the
knowledge about the pathophysiology of this disease is scarce??-26,

The androgens are involved with the prostate proliferation process and the AR
signaling can conduct the tumor progression and the BPH®2427 Furthermore, the
inflammation may directly contribute to prostate proliferation and growth'6.28.29, Studies
suggest that macrophages responses initiate the inflammatory process, following the
recruitment of T-lymphocytes3°:3L, Immediately, pro-inflammatory cytokines attract and

maintain pro-inflammatory cells in the hyperplastic prostate6-32,
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BPH-induction in animals is frequently utilized to unveil the pathological
mechanism’ and testing novel therapeutic strategies®3-2°. Dogs, mice, and rats have
been well-established experimental models for BPH induced by androgens33:3637, In
addition, the Mongolian gerbils (Meriones unguiculatus) are an alternative
experimental model being a good promise for research involving induced
neoplasia®11383° spontaneous lesions*®#1, and hormonal treatment*>-48,

Usually, BPH is induced by subcutaneous injections of testosterone3>4950 and
the treatment commonly lasts four weeks?43451-53 However, these studies are limited
to investigating the BPH immediately after the hormonal induction. Thus,
understanding the progression, maintenance or regression of BPH after the induction
is necessary since this is precisely the period when treatments are tested in animal
models?4345253  Therefore, given the importance and the necessity of a greater
understanding of this disease, the aim here was to evaluate the BPH induction by
testosterone immediately and after 30 days of the end of the administration in the

ventral prostate of mature gerbils.

Material and Methods:
Animals, ethics statement and experimental design

Thirty-six mature male Mongolian gerbils (3 months old) were used for this
experiment. The procedures were conducted in accordance with the National Council
for Animal Experimentation Control and were authorized by the Ethics Committee on
the Use of Animals (CEUA) from IBILCE/UNESP (protocol number 73/2017). The
animals were maintained in polyethylene cages under controlled conditions of
temperature (24 °C) and light (12 h dark/12 h light) and received filtered water and a
rodent feed ad libitum.

The gerbils were divided into three groups (n=12/group). Control (C): untreated
group; and BPH-induced groups that received subcutaneous injections of
Testosterone Cypionate (Deposteron, EMS sigma pharma) diluted in corn oil (Liza,
Cargill, Brazil) (3 mg/Kg, 0,1 ml/application)>**> during one month on alternate days
and were euthanized shortly after this supplementation (testosterone — Testo group)
and after 4 weeks of the end of supplementation (testosterone+30 — Testo+30 group).
Testosterone is used as a BPH inductor.

The animals were anesthetized with ketamine (10 mg/kg) and xylazine (3

mg/kg) and euthanized by decapitation. After decapitation, the blood was collected,
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centrifuged at 3000 rpm for 20 minutes, and the serum was frozen at -80°C. Dissection
was performed, the prostatic complex was collected, and the ventral prostate was
separated. For the western blot analysis, the ventral prostates were stored at -80°C.
For the morphological and immunohistochemistry analysis, the fragments were fixed
in 4% paraformaldehyde for 24 hours. Next, samples were processed for inclusion in
paraffin (Histosec, Merck, Darmstadt, Germany) and sectioned at 3-5 pym thick to

obtain the slides.

Biometrical analysis

The gerbils were weighed before decapitation. The weights of the adrenal, testis,
prostatic complex (urethra and the ventral, dorsolateral and dorsal prostate), and
ventral prostate were obtained after dissection. The relative weights of the prostatic
complex and ventral prostate were calculated by dividing the organ weight by the body
weight.

Hormonal data

The serum levels of testosterone and 17 (-estradiol were achieved by ELISA
capture/sandwich. The tests were performed using a specific commercial kit, according
to the manufacturer's instructions (IBL International, Hamburg, Germany — numbers
52151, sensitivity of 0.18 ng/ml and 52041, sensitivity of 10.60 pg/ml respectively).

Readings were performed in a microplate reader (TECAN- Infinite F50).

Morphological and histopathological analysis

The histological sections were stained with Hematoxylin-Eosin (HE) and
Picrosirius red for general morphological evaluation of the ventral prostate.
Morphometric and stereological analyses were made on slides stained with Picrosirius
red. Morphometry allowed us to determine the mean of epithelial cells height (um) and
smooth muscle cells thickness (um). In these analyses, 210 measurements/per group
were obtained (30 measurements/animal, n=7/group). The slides were randomly
digitized at 2000x magnification in the slide scanner system (Olympus VS120-S5), and
analyses were realized in Image Pro-Plus 6.0 software (Media Cybernetics, Inc., MD,
USA).

The stereological analyses were performed to obtain the relative frequency (%)

of epithelium, muscular stroma, non-muscular stroma, and lumen. In this analysis, 42
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ventral prostate fields (6 fields/animal, n=7/group) were randomly digitized at 200x
magnification in a slide scanner system (Olympus VS120-S5), and analyses were
realized in Image Pro-Plus 6.0 software (Media Cybernetics, Inc., MD, USA). The
relative frequency was estimated using the M130 multipoint test system proposed by
Weibel, 1963°¢ and applied to the prostate according to the procedure described in
Huttunen et al. 1981.

The histopathological analysis was performed in thirty-five sections/group (n =
7/group) stained with HE and digitized at x400 magnification using the slide scanner
system (Olympus VS120-S5). The histopathological classification of prostate lesions
and inflammation was performed according to well-established criteria %8, which has
been previously applied in the Mongolian gerbil ®115%, The incidence of prostate lesions
and inflammations in the ventral prostate was obtained by the number of animals
exhibiting each type of disorder divided by the number of animals/group and expressed
as a percentage. The multiplicity was estimated by the number of foci of disorders
present in each animal divided by the number of slides analyzed per animal. For the
analysis of prostate lesions, we considered benign intraepithelial neoplasms (PIN), flat
epithelial atypia (FEA), papillary epithelial atypia (PEA), and microinvasive carcinoma.
For inflammatory analysis, we counted intraluminal, periductal, and subepithelial foci.
These analyses provide support for identifying the establishment of BPH by biometric,

morphometric, and stereological parameters.

Immunohistochemistry analysis

The slides were deparaffinized, rehydrated through graded alcohols and distilled
water. The antigen retrieval was performed in 10 mM citrate buffer pH 6.0, at 92°C for
45 minutes (AR), 20 minutes (MMP-2, MMP-9), and in Tris EDTA buffer pH 9.0 for 60
min at 98°C (5aR2, PHH3, Cox2, and F4/80). The endogenous peroxidases blockage
was performed in 3% hydrogen peroxide for 30 minutes and followed by nonspecific
proteins blockage with 5% skimmed milk/tris buffered saline + tween 20 (TBSt). The
sections were incubated overnight at 4°C with primary antibodies diluted in bovine
serum albumin (BSA) 1% in TBSt: 5 a-reductase 2 (5a-R2) (rabbit polyclonal, sc-
20659, Santa Cruz Biotechnology CA, EUA, 1:75), AR (rabbit polyclonal IgG, N-20, sc-
816, Santa Cruz Biotechnology CA, EUA, 1:75), phosphohistone H3 (PHH3) - for the
cell proliferation analysis (rabbit polyclonal, Ser 10, #9701S, Cell Signaling, Danvers,
MA, USA, 1:75), cyclooxygenase 2 (COX2) - for the inflammatory cell analysis (rabbit
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monoclonal, 1gG, D5H5, #12282, Cell Signaling, Danvers, MA, USA, 1:100),
macrophages F4/80 (rabbit monoclonal, IgG, D2S9R, #70076, Cell Signaling, Danvers,
MA, USA, 1:100), matrix metalloproteinase-2 (MMP-2) (mouse monoclonal, sc-13595,
Santa Cruz Biotechnology, CA, EUA, 1:50) and matrix metalloproteinase-9 (MMP-9)
(mouse monoclonal, sc-21733, Santa Cruz Biotechnology, CA, EUA, 1:50). After
washing in TBSt, the sections were incubated with a Polymer kit (Novocastra Novolink
RE7230-CE, Leica Biosystems, Buffalo Grove, USA) for 40 minutes at room
temperature. Positive staining was detected with diaminobenzidine tetrahydrochloride
(DAB, Sigma) solution and the slides were counterstained with Mayer hematoxylin. For
the negative control, the primary antibodies were replaced with BSA 1 %.

The sections were digitized in 400x magnification on a slide scanner system
(Olympus VS120-S5) and the quantification were realized in Image-Pro-Plus software
(Media Cybernetics). The frequency of the immunohistochemistry analysis was
performed in seventy microscopic fields/group (n=7, 10 fields/animal) (5aR2, AR); fifty
six microscopic fields/group (n=7, 8 fields/animal) (PHH3, COX2 and F4/80) and fifty
microscopic fields/group (n=5, 10 fields/animal) (MMP-2 and MMP-9). The relative
frequencies of 5aR2, MMP-2, and MMP-9 were evaluated by a multipoint system with
160 intersections (modified from Weibel, 1963°66%). To determine the relative
frequencies of AR-positive cells in the ventral prostatic lobe and epithelial and stromal
compartments were divided the number of positive nuclei by the total number of nuclei
counted and the result was expressed as a percentage. The absolute frequency of
PHH3, Cox2, and F4/80 were obtained by the counts of positive cells by histologic

section.

Western blot analysis

The ventral prostates (n=5/group) were removed from -80°C and homogenized
in a lysis buffer according to the procedure described by Li et al., 2009%'. The samples
were centrifuged at 14,000 rpm for 20 min at 4°C. The Pierce BCA Protein Assay Kit
(23227-Thermo Scientific, Rockford, IL, USA) was utilized for the protein quantification
and a microplate reader (SPECTROstar Omega, BMG Labtech, Ortenberg, Germany)
were used to read the absorbance. After, the protein extracts were stored at —-80 °C
until analysis.

The quantification of AR in ventral prostate samples was realized by western

blot. For this, a total protein of 15 ug was pipetted into each well of the polyacrylamide



39

incorporated in detergent sodium dodecyl sulfate (SDS-page) gel and subjected to
electrophoresis (105V for approximately 120 minutes). The transfer of the bands was
realized during 60 minutes at 360mA in nitrocellulose membrane (Amersham Protram,
10,600.003, GE Healthcare, Darmstadt, Germany). Then, the membranes were
washed in TBSt and the block of nonspecific binding was in 5% skimmed milk for 60
minutes. Subsequently, they were incubated at 4°C overnight under agitation with the
respective primary antibodies, diluted in 1% milk: AR (rabbit polyclonal IgG, N-20, sc-
816, Santa Cruz Biotechnology CA, USA, 1:300) and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (monoclonal rabbit, 1gG, #2118, Cell Signaling, Danvers,
MA, USA, 1:1000). After, the membranes were washed in TBSt and incubated, with
the secondary peroxidase-conjugated anti-rabbit antibody (goat, IgG, #7074, Cell
Signaling, Danvers, MA, USA) (1:2000) for 60 minutes, under agitation, at room
temperature. Finally, the membranes were washed in TBSt and revealed with
enhanced chemiluminescent (ECL) substrate to visualize the bands in the imaging
system (ChemiDoc MP, BioRad, Hercules, CA, USA). The band densities were
analyzed in densitometry software (Image J, version 1.52a, Wayne Rasband, NIH,
USA) and normalized by GAPDH (positive control).

Statistical analysis

The quantitative results were submitted to statistical analysis using GraphPad
Prism 6.00 software (GraphPad Software, San Diego, CA, USA). The Kolmogorov-
Smirnov test was utilized to check the normality distribution of data. The parametric
data were analyzed by one-way ANOVA followed by Tukey's test. The Kruskal-Wallis
test followed by Dunn's test was adopted for non-parametric data. Differences were

considered statistically significant when p < 0.05.

Results:

Testosterone administration alters the weight of the prostate, testis, and the
serum levels of testosterone immediately and four weeks after the end of

hormonal supplementation.

Testosterone administration did not interfere in the body and adrenal weight.
However, the relative weight of the prostatic complex increased in the Testo group and

the relative weight of ventral prostate increased in both BPH-induced groups that can
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indicate the establishment of BPH even after the end of testosterone administration. In

contrast, the weight of testis decreased in the Testo and Testo+30 groups (Table 1).
The hormonal parameters allow us to verify an increase in the serum levels of

testosterone in the Testo group. We did not find differences in the levels of 17 -

estradiol in any evaluated group (Table 1).

Supplementation of testosterone affects the distribution of prostatic
compartments and enhances histopathologic lesions.

The testosterone administration altered the distribution of prostatic
compartments, increasing the epithelium and muscular stroma proportion, typical BPH
phenotype (Figure 1B, H). The hormonal supplementation caused the appearance of
tissue disorders (Figure 1 B-E, H-K). The morphometric parameter allows us to check
an increase in the epithelium height and the muscle layer thickness in the Testo and
Testo+30 groups (Table 2). In the stereological analyses, the frequency of epithelium
increased and of lumen decreased in the groups that received testosterone. The
muscular stroma frequency also increased in these groups and was higher in the
Testo+30 group. Thus, the frequency of stroma in the Testo+30 was higher than the C
group (Table 2).

In addition, we investigated the incidence and multiplicity of prostatic lesions of
the ventral prostate in all experimental groups. The multiplicity of inflammation, the
subepithelial area increased in the Testo and Testo+30 groups and the presence of
intraluminal inflammatory cells was observed only in both BPH-induced groups. The
administration of testosterone did not alter the multiplicity of flat and papillary epithelial
atypia. However, in PIN multiplicity, we verified an increase in the Testo+30 compared
to the C group. Only the Testo+30 group presented a microinvasive carcinoma that
indicates that testosterone supplementation continues to influence the functioning of
the gland even four weeks after the administration of the hormone has finished (Table
3).

Testosterone manipulation increases the content of 5aR2 and AR in the ventral
prostate after testosterone manipulation.

We evaluated the expression of 5aR2 in all prostatic compartments by
immunohistochemistry (IHC) (Figure 2 A-D) and we found an increase in the

immunoreaction of this enzyme this analysis showed an increase in the frequency of
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this marking in both BPH-induced groups and were higher in the Testo+30 group
(Figure 2 1). We verified the distribution of AR-positive cells in all experimental groups
by IHC (Figure 2 E-H). The frequency of these positive cells increased in the prostate
of the Testo and Testo+30 groups (Figure 2 J). The AR-positive cells also increased in
the epithelium of the Testo and Testo+30 groups (Figure 2 K). In the stroma, these
cells increased only in the Testo and, in contrast, a reduction was verified in the
Testo+30 group (Figure 2 K). Moreover, the analyses of the androgen receptor protein
expression showed an increase of this protein in the Testo in comparison to the C

group (Figure 2 L).

Testosterone administration increases the immunoexpression of PHH3, COX2,
and F4/80 positive cells.

We also analyze the proliferative and inflammatory cells in the epithelial and
stromal compartments (Figure 3 A-L). The immunohistochemistry analysis of PHH3-
positive cells showed an increase in the Testo and Testo+30 groups in both
compartments, and it was higher in the epithelium of the Testo+30 group (Figure 3 M).
In addition, there was an increase in COX2-positive cells in the epithelium and stroma
of the Testo and Testo+30 groups (Figure 3 N). The analysis of F4/80 positive cells
revealed an increase only in the stroma of the Testo and Testo+30 groups (Figure 3
0).

Testosterone-induced BPH interferes in the distribution of MMP-2 and MMP-9 in
the gerbil prostate.

Finally, we investigated the frequency of MMP-2 and 9 in the ventral prostate of
experimental groups (Figure 4). Immunohistochemistry analyses showed that both
MMPs were elevated in the Testo and Testo+30 groups, being higher in the Testo
group (Figure 4 1, J).

Discussion

In this study, both BPH-induced groups presented an increase in the prostate
weight and distribution of epithelium and muscular stroma, characteristics of the BPH
condition. Testosterone supplementation caused the presence of intraluminal
inflammation, of microinvasive carcinoma only in the Testo+30 group and the increase

of subepithelial inflammation and PIN area in both BPH-induced groups. This shows
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that testosterone administration beyond causing the development of BPH triggered the
increase of some lesions and the presence of other proliferative foci in the prostate.
The hormonal supplementation increased the expression of 5aR2, AR, and some
inflammatory and proliferative cells in the Testo and Testo+30 groups. Our results
show that the testosterone administration promoted the establishment of BPH and the
hyperplastic condition is maintained even 30 days after the end of testosterone
applications.

The relative ventral prostate weight was greater in the Testo and Testo+30
groups and this result is in agreement with others studies®>262 where applications of
exogenous testosterone directly influence the weight of the prostate. Testosterone
supplementation affects the reproductive function, which may result in testicular
atrophy in men®364 and rats®®, and cause oxidative stress in the testis of rats®. Here,
the testis weight was reduced in animals with BPH. This result is directly related to
androgen applications because the testis hypogonadism can occur during and after
high use of testosterone by men®8’. Moreover, the decrease of testis weight is due
the o hypothalamic-pituitary axis inhibition, reducing the follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) concentration due to increased circulation of
steroids, such as testosterone, as occurs in individuals who indiscriminately use these
androgens for anabolic purposes®8.

The analyses of hormonal serum levels revealed a higher concentration of
testosterone in the Testo group, as expected due to exogenous administration of
testosterone®36%-71 A slight elevation of circulating testosterone can be related to
prostate cancer in rat models’’2. Although the levels of this hormone reduced
drastically in the Testo+30 group in comparison to the Testo group, the values were
greater than the control group. This result can be occurring due to the end of the
testosterone administration.

In contrast, the levels of 17 B-estradiol did not alter among the groups. However,
studies related to BPH and estradiol are controversial, since they indicated that serum
level of 17 B-estradiol is unchanged in old men with BPH”® and also demonstrated an
association between circulating estrogen and the risk of BPH"4. Although estrogen
serum levels did not change, the Testo group presented inversely proportional values
for 17 b-estradiol and testosterone levels, indicating a greater aromatization and

consequently elevated activity of 5aR.
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BPH causes an enlargement of epithelial and stromal cells in the prostate® 7.
Testo and Testo+30 groups presented similar results in morphometric and
stereological analysis, as a hyperplasia of the epithelial and stromal compartments,
characteristic of BPH’1’>, This hyperplastic condition was greater in the muscular
stroma of the Testo+30 group. In addition, the testosterone administration was
sufficient to increase the frequency of subepithelial inflammation and PIN lesions.
Prostatic inflammation can facilitate the cellular proliferation and consequent incidence
of histopathological lesions in both benign and malignant conditions’®. The association
of prostatic lesions, inflammation and time after testosterone exposure may be related
to the incidence of microinvasive carcinoma in the Testo+30 group. Moreover, the
presence of prostatic lesions after the testosterone supplementation can be associated
to alterations caused by the prolonged use of anabolic steroids’®77.

Androgens are the main factor for prostate cell proliferation and is involved in
BPH development?>71, 5aR2 is the most frequent isoenzyme in the prostate, has the
greatest affinity for testosterone, and is overexpressed in BPH® 8, Our investigation
showed that the frequency of 5aR2 is elevated in both testosterone treated groups.
This data is consistent with the literature and indicate that 5aR2 is an important factor
responsible for proliferative lesions and BPH establishment. The values were higher in
the Testo+30 group, suggesting that the maintenance of BPH condition even after the
hormonal manipulation.

AR is involved with the BPH development’®8° that can explain the increase of
AR-positive cells founded in the prostate and in the epithelial compartment in the Testo
and Testo+30 groups. The stromal AR can alter various autocrine and/or paracrine
growth factors and it may influence the initiation and progression of BPH"%:8182 These
factors can justify the increase in AR-positive stromal cells founded in the Testo group.
However, the AR-positive cells decreased in the stroma of the Testo+30 group, and
the expression of AR protein in this group showed no difference. We believe that this
reduction can be related to the end of the testosterone applications.

Cell proliferation is the main condition for the establishment of prostatic
hyperplasia'®26:2783 To evaluate the proliferative process, we examined the frequency
of the positive cells for PHH3, a proliferation marker®*, in normal prostate and BPH.
Our results demonstrated a rise in PHH3 frequency in the stroma and the epithelium
of both BPH-induced groups, and it was higher in the epithelium of the Testo+30 group.

We believe that these results are a reflection of the greater expression of 5aR2 in the
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Testo+30 group and the AR in the epithelium of both BPH-induced groups since the
5aR2 and the AR activation are involved in the proliferation®78-80, These observations
suggest that testosterone administration caused the elevation of proliferative cells,
contributing to the establishment of BPH, which persisted even after four weeks after
the end of the hormonal supplementation.

In the BPH, stromal cells induce the production of pro-inflammatory cytokines
and chemokines and these infiltrates can stimulate the proliferation of prostate stromal
cells?6:29.85-88 COX2 is an enzyme overexpressed during inflammation®® and related to
cell growth and progression of BPH%%L, This enzyme can be detected in prostatic
inflammatory cells and it is enhanced in proliferative lesions associated with
inflammation®286.92, Here, we confirmed this, as the COX2 frequency increased in the
epithelial and stromal of both BPH-induced groups.

Furthermore, macrophages are also associated with the establishment,
progression, and inflammatory development of BPH#49394, A previous study with cell
culture® showed that BPH prostate stromal cells can attract macrophage infiltration
and these phagocytic cells could be related to the enhanced BPH prostate stromal
cells proliferation. F4/80 is a glycoprotein expressed by murine macrophages °° and
was adopted as a marker for macrophages®. In the stroma of BPH-induced groups,
we observed an increase of F4/80 positive cells. Studies in BPH cells related a raise
in AR-positive cells that can promote the recruitment of macrophages® 79, These
infiltrating cells play an important role in macrophage-induced prostatic stromal cell
proliferation and can contribute to the establishment and the progression of BPH8593.97,
Although the Testo+30 group presented a decrease in AR-positive stromal cells, we
believe that the AR, COX2, and F4/80 positive cells may be associated with enhanced
proliferative cells of the gerbil prostate and may be a long-term effect of testosterone
supplementation.

The exposure of gerbils to testosterone resulted in an increase of MMP-2 and
MMP-9. These metalloproteinases are commonly associated with the degradation of
basal membrane components, metastasis, and angiogenesis in prostate cancer-101
and are often used as markers of poor prognosis'®2. The tissue remodeling caused by
the BPH may have altered the distribution of MMPs and these enzymes can be
contributed to the establishment of the inflammatory and proliferative

microenvironment.
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In conclusion, the testosterone supplementation showed prostatic disorders
characteristics of BPH in both groups. The hormonal administration caused the
establishment of prostatic lesions and promoted the increase of the cellular
proliferation occasioned by the higher expression of 5aR2 and AR. Furthermore, the
hormonal supplementation increased the frequency of MMPs that can be associate
with the inflammation observed in the prostate also playing a significant role in the BPH
induction. Thus, the present study demonstrated that the dosage utilized of
testosterone caused the BPH phenotype and the testosterone effects are persistent
30 days after the end of the exogenous stimulus, the period that researchers test new

treatments for BPH, utilizing many conventional and herbal medicines3°49:50.103,
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Tables:
Table 1. Biometric and hormonal parameters of Mongolian gerbils in the groups control (C),
testosterone (Testo) and testosterone euthanized after 30 days to the end of the applications

(Testo+30).

Experimental groups

Parameters C Testo Testo+30

Biometric data (%) n=7

Body weight (g)

Relative weight of prostatic complex (10-3)
Relative weight of ventral prostate (104)

Adrenal (g)
Right testis (g)
Left testis ()

Hormonal data (um) n=7
Testosterone (ng/ml)

72.86 +5.001
8.185 + 2.5762
2.504 +0.8282
0.0420 + 0.003
0.490 + 0.0762
0.501 + 0.058%

1.099 + 0.5222
17.55+12.62

73.14 +6.817

16.74 + 1.356°
4.139 + 0.914°
0.044 + 0.007

0.409 + 0.043"
0.407 + 0.0522P

33.43 £9.816"
3.002 +3.475

80.57 +5.968
14.50+ 1.7132P
4.527 + 0.904°
0.034 + 0.0081
0.366 + 0.041°
0.327 £ 0.119°

9.025 + 4,9942
12.41 +16.92

17 B-estradiol (pg/ml)

Values expressed as mean +* standard deviation.
ab represent statistically significant differences (p < 0.05) among the experimental groups.

One-way ANOVA was followed by Tukey and Kruskal-Wallis post-tests.

Table 2. Stereological and morphometric parameters of Mongolian gerbils in the groups control
(C), testosterone (Testo) and testosterone euthanized after 30 days to the end of the applications
(Testo+30).

Experimental groups
Parameters C Testo Testo+30
Morphometric data (um) n=7
Epithelium height

13.79 + 4.0842 24.43 + 8.888° 22.65 + 8.120°

SMC thickness 7.421 + 2.4602 12.48 + 4.649° 12.73 +5.052°
Stereological data (%) n=7
Epithelium 16.52 + 4,960 25.07 +9.538P 23.08 + 9.904°

Muscular stroma

Stroma
Lumen

7.802 + 3.2442
10.86 £ 7.1142
57.00 £ 14.152

9.725 + 3.836°
12.80 + 10.282P
36.52 + 23.62°

11.72 + 3.966°
15.62 + 6.958P
43.11 +12.48°

Values expressed as mean * standard deviation.

ab.crepresent statistically significant differences (p < 0.05) among the experimental groups.

One-way ANOVA was followed by Tukey and Kruskal-Wallis post-tests.
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Table 3. Incidence and multiplicity of prostatic lesions and inflammation in gerbils of the control

(C), testosterone (Testo) and testosterone euthanized 30 days after the end of the applications

(Testo+30) groups.

Incidence (%)

Multiplicity (mean + SD)

C Testo Testo+30 C Testo Testo+30

Inflammation

Periductal 100 100 100 (0-5) 1.457 (0-19) 5.200 (0-20) 6.171

Subepithelial 100 100 100 (0-4) 1.7142 (0-24) 5.600° (0-18) 6.257"

Intraluminal 0 28,5 28,5 0o (0-3) 0.228 (0-15) 0.714
Flat epithelial atypia 100 100 100 (3-36) 18.57 (2-66) 23.77  (3-41) 19.54
Papi_llary epithelial 100 100 100 (0-24) 12.71  (3-47) 17.09  (4-57) 20.34
I?;[I)l/\lIOIa 100 100 100 (0-7) 2.3432 (0-65) 10.572b (0-78) 16.34°
Micrpinvasive 0 0 28,5 OO0 O0)0 (0-1) 0.058
carcinoma

ab represent statistically significant differences (p < 0.05) among the experimental groups.

One-way ANOVA was followed by Tukey and Kruskal-Wallis post-tests.
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Figures:

HE PICROSIRIUS

Testo

Testo+30

Figure 1. Testosterone administration alters the distribution of ventral prostate compartments.
Sections of all experimental groups stained with HE (A- E) and picrosirius red (F- K). Groups: C (A,
F, G), Testo (B, C, H, I) and Testo+30 (D, E, J, K). Normal aspect in A, F, G and hyperplastic tissue
in B-E, H-J. Short arrows indicate the collagen (F-I). The flat epithelial atypia (square), papillary
epithelial atypia (circles), periductal (PR) and subepithelial (SB) inflammation and prostatic
intraepithelial hyperplasia (PIN) were verified in all groups. The intraluminal inflammation (asterisks)

was observed in both testosterone groups and the microinvasive carcinoma (long arrows) only in the
Testo+30.
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Figure 2. The hormonal supplementation influenced in the immunoexpression of
5 aR2 and AR-positive cells and in the AR protein expression of the ventral
prostate. Immunohistochemical staining of 5 aR2 (A-D), AR (E-H) and the respective
negative controls of reaction (B, F) in the ventral lobe of Mongolian gerbils.
Determination (%) of 5 aR2 stained (1) and AR-positive cells (J) in the gerbil prostate,
and of AR-positive cells in the epithelium and stroma (K). Relative density of AR (L)
normalized to GAPDH, here utilized as positive control. The error bars indicated the
standard deviation. * , ** *** gnd **** indicate statistically significant differences (p
<0.05; p <0.01; p <0.001 and p <0.0001 respectively), according to the Kruskal-Wallis
test followed by the post hoc Dunn test. Positive stainings are present in the epithelium

(long arrows) and in the stroma (short arrows).
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Figure 3. BPH causes an increase of proliferative and inflammatory cells in
Mongolian gerbil prostate. Immunohistochemistry for PHH3 (A-D), COX2 (E-H) and
F4/80 (I-L) positive cells in the ventral prostate. In B, F, J the sections did not incubate
with primary antibodies (Negative controls of reaction). The dates represent averages
of the absolute frequency (%) of PHH3 (M), COX2 (N) and F4/80 (O) positive cells in
the epithelial (long arrows) and stromal compartments (short arrows). The error bars
indicated the standard deviation. * , **, *** gnd **** indicate statistically significant
differences (p <0.05; p <0.01; p <0.001 and p <0.0001 respectively), according to the
Kruskal-Wallis test followed by the post hoc Dunn test.
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Figure 4. Frequency of MMP-2 and 9 increase in ventral prostate of Mongolian
gerbils of BPH —induced groups. A-D and E-H represents the immunoreaction of
MMP-2 and 9, respectively. Negative controls of reaction are indicate in B, F. Positive
staining are indicated by arrows. The dates represent averages of the relative
frequency (%) of MMP-2 (I) and MMP-9 (J). The error bars indicated the standard
deviation. * and **** indicate statistically significant differences (p <0.05 and p <0.0001

respectively), according to the Kruskal-Wallis test followed by the post hoc Dunn test.
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Abstract

Background: The prostate is susceptible to changes in androgen levels, which can
play an important role in the development of Benign Prostatic Hyperplasia (BPH).
Natural compounds have beneficial properties for organisms and can be an important
therapeutic strategy in the treatment of diseases. B-Caryophyllene (BCP) is a
phytocannabinoid present in several medicinal and food plants species and has shown
beneficial effects in different organs. However, little is known about its effects on the
prostate. The present study seeks to evaluate the effects of exposure to BCP on the
morphophysiology of the ventral prostate of adult gerbils supplemented with
testosterone.

Methods: Animals were distributed into four groups (n = 8/group): Intact control (C);
B-Caryophyllene (BCP): p-Caryophyllene (50 mg/kg/day); Testosterone (T): animals
received subcutaneous injections of Testosterone Cypionate (3 mg/Kg), on alternate
days, for one month and were euthanized 30 days supplementation ended;
Testosterone and B-Caryophyllene (TBCP): animals were exposed to testosterone
cypionate (3 mg/Kg) to induce hyperplastic alterations followed by daily BCP (50
mg/kg). Morphological, biometric, immunohistochemical, and serological analyses
were performed.

Results: Proliferative disorders and inflammatory foci were present in the ventral
prostate of all experimental groups. An increase in the multiplicity of benign
intraepithelial neoplasm (PIN) and subepithelial inflammatory foci was observed in T
group. The incidence of intraluminal inflammatory foci and microinvasive carcinoma
was verified only in the T group. Cellular rearrangement and tissue remodeling
occurred in the prostate of groups exposed to phytocannabinoids. A reduction was
observed in the frequency of PHH3 and Cox2 markers in the prostatic epithelium of
TBCP in comparison with T. A decrease in F4/80 and CD163 positive macrophages
were also observed in the prostatic stroma of the TBCP group in comparison with T.
The results suggest that BCP had favorable effects on BPH, reducing the proliferation
and frequency of some inflammatory cells.

Conclusions: BCP impacts the tissue remodeling process in the premalignant
prostate environment and that the use of this phytocannabinoid can have a promising
effect in the handling of BPH.

Keywords: BPH, inflammatory cells, macrophages, phytocannabinoid, tissue

remodeling.
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Introduction

The prostate can be characterized as a hormone-dependent and
immunocompetent tissue organization that encompasses several cell types, such as
lymphocytes, granulocytes, and macrophages.'? This gland is part of the reproductive
system and is susceptible to hormonal, biochemical, metabolic, genetic and
micronutrient influences.® This factors may be related to the development and
progression of prostatic diseases as Benign prostatic hyperplasia (BPH) and cancer.!
BPH is defined by the growth of the gland due to interference in the balance between
growth factors that affect stroma and epithelium relationships, which increases the
volume of the prostate.® This comorbidity is directly associated with an increased risk
of developing prostate cancer.* Pathologically, it is associated with an increase in
proliferating cells and the establishment of inflammation in the prostate tissue.>® The
inflammatory environment and uncontrolled cell proliferation leads to tumorigenesis.®
The experimental models are important in the study of this disorder that can be induced
by androgen analogs.’ !

Androgens are essential steroid hormones for prostate development and
homeostasis.'>** These hormones are already established as risk factors for the
pathogenesis of BPH and are associated with elevated inflammatory cell levels.56:°.15-
17 In BPH, inflammation is characterized by increased production of pro-inflammatory
chemokines and cytokines and by the association of stromal cells and infiltrated
immune cells, such as macrophages.'®-2! This inflammatory process is also associated
with oxidative stress, which is mediated by nitric oxide synthase (NOS) and
cyclooxygenase (Cox), among others.?-23

The current adopted treatments for BPH includes the use of conventional drugs
and medicinal plants.?* Pharmacology has made great advances related to the
treatment of this disease, but many medications have impairments in terms of
selectivity and prolonged use, including sexual dysfunction.?® Phytotherapeutic agents
have shown great benefits in prostatic hyperplasia treatment,?* but the understanding
of the mechanisms performed by these plants is not well understood yet.?® Thus, there
is a need for further studies with new drugs and compounds for BPH.?®

Beta-Caryophyllene (BCP) is a compound extracted from medicinal and food
plants, such as black pepper (Piper nigrum L.), rosemary (Rosmarinus officinalis),
cinnamon (Cinnamomum spp.), oregano (Origanum vulgare L.), basil (Ocimum spp.),

thyme (Thymus vulgaris), sage (Salvia officinalis), mint (Mentha piperita), ginger
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(Zingiber officinale), cloves (Syzygium aromaticum), citronella, (Cymbopogon), pine
tree (Pinus), Cannabis sativa, and plants of the Copaifera genus, among others.2’-2°
Its use has been approved by the Food and Drug Administration (FDA)?%3 and the
European Food Safety Authority (EFSA)?°, and it is used in the manufacture of
cosmetics®! and as a flavor enhancer.?2°

BCP is a sesquiterpenoid; it belongs to the cannabinoid family and is a selective
agonist of type 2 cannabinoid receptors (CB2-R)?%3!, CB2-Rs are metabotropic
receptors found in peripheral tissues and cells of the immune system (mast cells,
macrophages, B-lymphocytes). CB2-Rs are involved in pathological processes such
as inflammation, neurodegenerative pathologies (Parkinson's disease, Alzheimer's
disease, multiple sclerosis) and some types of cancer.?® They are therefore important
targets for the study of agonist molecules and in the search for treatment for
pathological conditions.?%32

This sesquiterpenoid plays important pharmacological functions related to anti-
inflammatory properties,30:33-35 hepatoprotection,3® neuroprotection,?’37-39
cardioprotection,*® apoptosis,?® in anticancer therapies,?®4142 and in improving
rheumatoid arthritis.3?3* Furthermore, BCP inhibits the proliferation of a variety of
tumor cells present in the lung, liver, breast and prostate.26:41-43

Despite relevant results, studies of BCP in the prostate are still limited to the
action of this compound in prostate cancer cell lines.?64244 There is therefore a need
to assess the effects of BCP on the prostate in vivo, aiming to evaluate a physiological
pharmacokinetic environment prone to metabolic alterations. A relevant experimental
model for studies related to the prostate is the Mongolian gerbil (Meriones
Unguiculatus). These rodents have tissue composition similar to the human prostate
and have shown to be promising in the scientific studies.*>*® The present study sought
to analyze, for the first time in vivo environment, the effects of BCP on the ventral
prostate of Mongolian gerbils under normal and BPH conditions, focusing on the

proliferation and inflammation aspects of this gland.

Materials and Methods
Animals

For this experiment, thirty two adult Mongolian gerbils (Meriones unguiculatus)
(3 months old) obtained from the Animal Breeding Center of the Institute of

Biosciences, Humanities and Exact Sciences (IBILCE) of the Sao Paulo State
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University (UNESP) were used. The animals were divided into four groups (n = 8/per
group), maintained in polyethylene cages with wood shavings substrate, under
controlled light (12h light/dark cycle) and temperature conditions (24 + 2°C). They
received feed and filtered water ad libitum. The experiments were carried out following
the ethical principles recommended by the National Council for Animal
Experimentation Control (CONCEA) and the procedures involved were approved by
the Ethics Committee on the Use of Animals at IBILCE/UNESP (Proc. No. 173/2017).

Experimental design

The experimental design is described in Figure 1. The animals were distributed
in the following experimental groups: Intact control (C): the animals received no
treatment during the experiment; B-Caryophyllene (BCP): animals received 50
mg/kg/day®” of B-Caryophyllene (W225207, Sigma-Aldrich, St. Louis, MO, USA),)
diluted in corn oil (Cargil, Brazil) via gavage during 30 consecutive days; Testosterone
(T): the animals received, on alternate days and for a month, subcutaneous injections
of Testosterone Cypionate (Deposteron, EMS) diluted in corn oil (3 mg/Kg)*®*° and
were euthanized 30 days after the end of supplementation and Testosterone and -
Caryophyllene (TBCP): the animals received, on alternate days and for a month,
subcutaneous injections of Testosterone Cypionate diluted in corn oil (3 mg/Kg)+°:50
and then, via gavage, followed by 50 mg/kg/day3” of B-Caryophyllene diluted in corn

oil via gavage for the 30 consecutive days.

Biometric analysis

The animals from all experimental groups were anaesthetized with Xylazine
hydrochloride (3 mg/kg) and Ketamine hydrochloride (10 mg/kg) and euthanized by
decapitation. The body blood was collected and stored at -80°C. The prostatic complex
and the ventral prostate were weighed and fixed. The relative weight of the prostatic
complex and of the ventral prostate was calculated as a proportion, dividing the organ
weight by the body weight.

Hormonal analysis
The serum levels of testosterone were quantified by ELISA using a high
sensitivity specific commercial kit (IBL International, Hamburg, Germany - item number

52151). The readings were performed in a microplate reader (TECAN- Infinite F50).

Histological processing and histochemical analysis
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The collected organs were fixed in 4% buffered paraformaldehyde, dehydrated
in ethanol, clarified in xylol, and then included in Histosec (Merck). The organs were
sectioned at 3-5um and stained with the following techniques: Hematoxylin-Eosin (HE)
and Picrossirius for general analysis of the morphological aspects of the gland and

Gomori Reticulin staining, for reticular and collagen fibers analysis.

Incidence and multiplicity of lesions

The analysis of proliferative disorders was performed in 5 slides per animal (n
= 8/group) stained by HE and digitized at 400x magnification using the slide scanner
system (Olympus VS120-S5). The histopathological classification of prostate lesions
was accomplished according a well-established criteria®!, which has been previously
applied in the Mongolian gerbil.>>>* The incidence of prostatic alterations was
calculated by dividing the number of animals with changes by the number of animals
per group, expressed in %. Also, the multiplicity was evaluated, in which the number
of changes present in each animal was divided by the number of slides analyzed per
animal.

The presence of benign intraepithelial neoplasms (PINs), intraluminal,
periductal and subepithelial inflammatory foci was evaluated. The presence of flat
epithelial atypia (FEA) and papillary epithelial atypia (PEA) was also quantified. Briefly,
FEA consists in a cell grouping by the acini that does not project into the lumen,
resulting in an epithelial stratification and PEA corresponds to the grouping of cells in

the acini that are projected into the lumen.*8

Immunohistochemical analysis

The absolute frequency of phosphohistone H3 (PHH3) positive cells (for
analysis of cell proliferation), cyclooxygenase 2 (Cox2) immunostaining (for
inflammatory signaling cells) and macrophages F4/80 and CD163 marking positives
were calculated and the distribution of smooth muscle cells with the use of an a-actin
marker.

The slides were deparaffinized, and rehydrated histological sections were
subjected to antigen retrieval in Tris EDTA buffer pH 9.0 for 60 minutes at 98° C (PHHS3,
Cox2, F4/80 and CD163) or for 20 minutes at 98°C in 10mM citrate buffer pH 6.0 (a-
actin). The blocking of endogenous peroxidases was performed with 3% H202,
followed by nonspecific protein blockage with 5% skimmed milk in TBS + 0.1% tween

(TBSt) for 30 minutes. The sections were then incubated with primary antibodies
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overnight (Table 1), before being washed and incubated with secondary antibodies
labeled with peroxidase (CD163: Rabbit ABC Staining System SC-2018 -Santa Cruz
Biotechnology CA, USA) or Dako Polymer (PHH3, Cox2, F4/80 and a-actin: kit
Novocastra Novolink RE7230-CE, Leica Biosystems, Buffalo Grove, USA). The
sections were stained with diaminobenzidine (DAB, Sigma, St. Louis, MO, USA) and
counterstained with Mayer's Haematoxylin.

The images were captured at 400x magnification using the slide scanner system
(Olympus VS120-S5). The counts of positively labeled cells were performed in 70
microscopic fields per group (n = 7/group) (as an adaptation of the previously described

protocol®®) using Image-Pro-Plus software (Media Cybernetics).

Statistical analysis

Statistical analysis was performed on GraphPad Prism 6.00 software
spreadsheets and graphs. The quantitative analysis was based on two-way ANOVA
followed by Bonferroni post-tests for multiple proofs. The level of significance adopted
was 5% (p <0.05).

Results
Biometric Analysis

Biometric data shows that there was an increase in body weight in the T group
compared to the other groups (Table 2). Regarding the weight of the prostatic complex,
there was an increase in the T and TBCP groups in comparison to C and BCP groups
(Table 2).

For the absolute and relative weight of the ventral prostate, an increase was
observed in the groups supplemented by testosterone (T and TBCP) compared to

animals in groups C and BCP (Table 2).

Serum hormonal levels
The hormonal dosage showed an increase in serum testosterone levels in the
T and TBCP groups compared to C and BCP (Table 2).

Histological analyses
As expected, the Morphological analysis revealed that the ventral prostate is
composed of several acini and ducts surrounded by a layer of muscle, blood, reticular

and collagen cells that make up the fiboromuscular stroma. The epithelium is usually
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simple and can vary from cubic to prismatic, and this gland presents the luminal
compartment, where seminal fluid is stored (Figure 2 A, H, I, M, N, Q).

Histological analysis showed incidence of proliferative disorders in the epithelial
and stromal compartment from T group compared to the others. Benign intraepithelial
neoplasia (PIN) (Figure 2 D, F, G, J, K, P, R), inflammatory cell foci in the subepithelial
region (Figure 2 D, E) and the luminal compartment (Figure 2 D, J, O), in addition to a
large concentration of inflammatory cells in the stroma (Figure 2 D, J, O, S, U) and
breakdown in the pattern of organization of collagen and reticular fibers (Figure 2 M-
P) were present. The presence of planar (Figure 2 C, L), papillary (Figure 2 A, B, C, D,
F, J, O, P) and microinvasive carcinoma in the T group (Figure 2 S, T) was also noted.

The multiplicity of these alterations in the different experimental groups made it
possible to verify differences in subepithelial inflammations, which were higher in the
T group in comparison to C, BCP, and TBCP and in the PINs, in which an increase
was observed in the T group when compared to C and BCP (Figure 3 A). The presence
of microinvasive carcinoma was observed only in T (Figure 3 B). The other alterations

were noted in all groups (Figure 3).

Immunohistochemical analysis

1. Proliferative index (PHH3): The anti-PHH3 antibody, showed the presence of
proliferative cells in the epithelium and stroma of the ventral prostate in all experimental
groups (Figure 4 A-F). It was possible to verify an increase in the absolute frequency
of these cells in the epithelium of animals in the T group when compared to the other
groups (Figure 4 L). This increase was also observed in the stromal compartment of
groups BCP, T, and TBCP in comparison to C (Figure 4 L).

2. Inflammatory maker (Cox2): The cytoplasmic marker Cox2 was present in the
stromal and epithelial compartments (Figure 4 G-K). The immunostaining analyses
showed an increase in Cox2 positive cells in the T group epithelium when compared
to C, BCP, and TBCP (Figure 4 M). In the stroma, there was also an increase in Cox2
positive cells in the T and TBCP groups in comparison to the C and BCP groups (Figure
4 M).

3. Macrophage infiltration (F4/80, CD163): F4/80 immunostaining revealed the
presence of macrophages in the ventral prostate of all groups (Figure 5 A-G). The
guantification of positive F4/80 cells showed an increase of this marker in the

intraepithelial region of TBCP in comparison with C, BCP, and T (Figure 5 N). Incidence
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of F4/80 positive cells was higher in the stroma of the TBCP group in comparison to C,
in BCP when compared to C and in the stromal compartment of the T in comparison
to the other groups (Figure 5 N). The quantification of CD163 positive cells in the
stromal and intraepitheial compartments (Figure 5 H-M) showed a decrease in the
frequency of these cells in the stroma of the TBCP group in comparison to T (Figure 5
0).

Discussion

In the present study, we analyzed the influence of BCP on the ventral prostate
of gerbils under normal conditions and with BPH. This phytocannabinoid showed
positive effects on inflammatory and proliferative disorders, in which a decrease in the
frequency of PHH3 and Cox2 positive cells in the prostatic epithelium of the TBCP
group in comparison to T. In addition, in the prostate stroma of these same
experimental groups, there was a decrease in macrophages after treatment with BCP
in animals with BPH. Also, it was observed that the testosterone dosage used was
sufficient to induce the hyperplastic environment.

The gerbil is an alternative experimental model for prostate cancer studies®?°6,
In chemical induction, they develop prostatic lesions in a reduced period of latency,
with a satisfactory incidence in comparison to others rodents 5257:58, This observation
is important for establishing the gerbil as a suitable model for evaluating prostate
carcinogenesis®. Our research group has interesting results with gerbils chemically
induced tumors 525356 development of spontaneous neoplasm in senile age % and
hormonal treatment -5 as well as observed in the present study.

The prostate is sensitive to changes in the levels of androgens.%¢ This sensitivity
explains the increase in the prostatic complex weight and the relative weight of the
ventral prostate in groups supplemented with testosterone. This increase in prostate
weight is consistent with previously published research which demonstrated that
treatment with this hormone induces prostate growth.?:16.50

Since BPH is a multifactorial disease characterized by the proliferation of cells
in the prostatic compartments,®6-67 it was possible to observe proliferative disorders,
such as PINs, in greater numbers in the prostate ventral of animals in the T group
compared to C and BCP. Although there were no statistical differences between the
groups regarding other lesions, the presence of inflammation was frequent in animals

supplemented with testosterone and in similar frequency between C and BCP. Thus,
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from the histological analysis of the ventral prostate, it is possible to infer that the dose
of testosterone used was sufficient to induce all the BPH typic alterations. This
statement can be corroborated by the increase in serum levels of this androgen in the
groups that received supplementation.®11.14.68

The increased incidence of PHH3 positive cells in the epithelium of the T group
shows the presence of proliferating cells, as seen in BPH. This marker is specific and
consistent for determining proliferation and has been widely applied in studies related
to neoplasms,®® such as prostate cancer.’® Thus, given the specificity of PHH3 and
based on results observed, it is possible to infer that exposure to the phytocannabinoid
BCP reduces the proliferation of cells in the hyperplastic ventral prostate epithelium of
Mongolian gerbils, also producing an anti-proliferative effect.

Proliferative changes promote an increase in frequency of inflammatory cells,
which lead to lesions in the epithelial and stromal compartments.’*’2 Such changes
lead to the prostatic tissue remodeling process, which can alter the pattern of
organization of the collagen and reticular fibers, as seen in the testosterone
supplemented groups. These fibers are structural components of the extracellular
matrix>261.62.73-76 and become thicker and denser in regions with lesions in response
to supplementation by testosterone in gerbils®? and human BPH.”® Besides, these
changes can promote structural changes associated with benign and malignant
disorders and the constant recruitment of more inflammatory cells.!3

Prostatic inflammation occurs as a response to the pathological condition and
is associated with BPH and prostate cancer.?%’~"°lt is divided into acute inflammation
(characterized by the action of neutrophils) and chronic inflammation (characterized by
the predominantly presence of lymphocytes and macrophages)®8. These cells are
involved in the secretion of different cytokines and growth factors that are released in
greater quantity due to the increase in the number of immune cells, and this can
stimulates cell proliferation and the recruitment of more inflammatory cells in the
tissue.2 777980 Different cell types have been implicated in the pathogenesis of prostate
diseases, such as cancer.>17.19.77.80-83 Eor example, tumor-associated macrophages
(TAMs)®4, T cell subtypes® and B cells®5, and mast cells have been present in the
prostate tumor microenvironment and might contribute to disease progression. 80.86.87

One of the enzymes expressed during the inflammatory process is Cox2.23.88
Coxs are located in the luminal region of the endoplasmic reticulum and the nuclear

membrane of cells. This isoform play a crucial role in tumor angiogenesis, cell
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proliferation, and inhibition of apoptosis** and is overexpressed in prostate cancer and
BPH,* which explain the increased frequency of Cox2 positive cells in the T group.*4
This implies that BCP also has an anti-inflammatory action on the prostate since
treatment with this phytocannabinoid decreased the frequency of Cox2 in BPH,
corroborating studies that show the decrease of this enzyme in microglial cells and
rheumatoid arthritis of rats after treatment with BCP.33:34

BPH is related to the presence of pro-inflammatory cytokines, ILs, increase of
B and T lymphocytes and macrophages in the stromal, intraepithelial and luminal
regions of prostatic tissue. 3188 Macrophages are capable of performing phagocytosis
and constitute several cell classifications with a wide variety of phenotypes, biological
activities and functions in homeostatic and pathological conditions.®® During prostatic
inflammation, macrophages are the most recruited among different types of activated
immune cells.®> These phagocytes are involved in changes in the stromal
microenvironment and can alter the interactions between the stroma and the
epithelium in the ventral prostate of Mongolian gerbils.*°

The F4/80 is a murine-specific pan macrophage marker and expressed on
TAMs.%192 Our study allowed us to observe an increase in the frequency of these cell
types in the prostate stroma of animals with BPH. This result may have been caused
by the fact that macrophages are related to the development and progression of
BPH.557793 The proliferation and inflammation present in the hyperplastic prostate
microenvironment stimulate the macrophages infiltration and these can promote the
proliferation of stromal cells.>® This may also explain the increased frequency of
proliferative and inflammatory cells in the stroma of the BPH group.

In addition, an increase was observed in the frequency of F4/80 positive cells in
the epithelium of the TBCP group. We believe that this increase was not enough to
favor the progression of tissue inflammation, as was verified by a decrease in PHH3
and Cox2 in the epithelial compartment of this group. It was also observed that the
amount of these macrophages increased in the stroma of the group exposed only to
phytocannabinoids. Thus, exposure to BCP can contribute to the recruitment of these
phagocytes in an attempt to favor prostatic tissue homeostasis.

A reduction was also verified in the frequency of positive markings for F4/80 in
the stroma prostate of the TBCP group. We believe that this variation in the frequency

of pan macrophages in groups exposed to BCP can result in positive effects for the
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ventral prostate, since macrophages can perform several functions, according to the
environment in which they are recruited.®?

The frequency of positive CD163 cells was also analyzed. CD163 is used in
association with other markers to identify M2 type macrophages,®:°-% and this
specificity may explain the decreased variation in the frequency of these cells
compared to the frequency obtained for positive F4/80 macrophages. In excessive
frequency and uncontrolled activity, macrophages can contribute to the spread and
development of different diseases, such as cancer.>8%97.%8 This may have favored the
increase in CD163+ markings in the prostatic stroma of animals with BPH, in response
to the proliferative stimulus and increased inflammation triggered by testosterone
supplementation. In addition, there was a significant reduction in CD163 positive cells
in the stroma of animals with BPH shortly after exposure to BCP.

We believe that these analyses indicate the possible anti-inflammatory effect of
BCP on the prostate. The dose utilized is well established for neuroprotective
effects®3% and as a modulator of the inflammatory response®. In addition, have been
described others actions in lower doses as anti-inflammatory33, antioxidant®,
hepatoprotective®®, and sedative'®?, muscle relaxant'®> and a reduction of oxidative
stress® in a concentration greater than 50 mg/kg/day?°. Thus, is important and
necessary other studies with this phytocannabinoid to understand more deeply the

effects of BCP on the prostate.

Conclusion

The present research presents innovative results not described, so far, on the
therapeutic effects of BCP on BPH in vivo. It was possible to observe the protective
effect of the compound on prostatic proliferation and inflammation in animals that
received testosterone. Our preliminary results show that the use of BCP can be

promising in the treatment of proliferative prostatic disorders and BPH.

Acknowledgments
The authors are grateful to Msc. Luiz Roberto Falleiros Junior for his technical
assistance during the development of the experiments and Dr. Peter James Harris for

the English language revision of this paper.



10.

75

References

Rastrelli G, Vignozzi L, Corona G, Maggi M. Testosterone and Benign Prostatic
Hyperplasia. Sexual Medicine Reviews. 2019;7(2):259-271.
doi:10.1016/j.sxmr.2018.10.006

Ficarra V, Rossanese M, Zazzara M, et al. The role of inflammation in lower urinary
tract symptoms (LUTS) due to benign prostatic hyperplasia (BPH) and its potential
impact on medical therapy. Current urology reports. 2014;15(12):463.
doi:10.1007/s11934-014-0463-9

Das K, Buchholz N. Benign prostate hyperplasia and nutrition. Clinical Nutrition
ESPEN. 2019;33:5-11. doi:10.1016/j.clnesp.2019.07.015

Moore A, Butcher MJ, Kohler TS. Testosterone Replacement Therapy on the Natural
History of Prostate Disease. Current Urology Reports. 2015;16(8).
doi:10.1007/s11934-015-0526-6

Dang T, Liou GY. Macrophage Cytokines Enhance Cell Proliferation of Normal
Prostate Epithelial Cells through Activation of ERK and Akt. Scientific Reports.
2018;8(1):1-9. doi:10.1038/s41598-018-26143-8

Tsai HH, Chen CW, Yu PL, Lin YL, Hsieh RH. Mangosteen pericarp components
alleviate progression of prostatic hyperplasia and mitochondrial dysfunction in rats.
Scientific Reports. 2020;10(1):1-9. doi:10.1038/s41598-019-56970-2

Scarano WR, Vilamaior PSL, Taboga SR. Tissue evidence of the testosterone role on
the abnormal growth and aging effects reversion in the gerbil (Meriones unguiculatus)
prostate. Anatomical Record - Part A Discoveries in Molecular, Cellular, and
Evolutionary Biology. 2006;288(11):1190-1200. doi:10.1002/ar.a.20391

Kim JH, Kim SS, Han IH, Sim S, Ahn MH, Ryu JS. Proliferation of Prostate Stromal
Cell Induced by Benign Prostatic Hyperplasia Epithelial Cell Stimulated With
Trichomonas vaginalis via Crosstalk With Mast Cell. Prostate. 2016;76(15):1431-1444.
doi:10.1002/pros.23227

Sayed RH, Saad MA, El-Sahar AE. Dapoxetine attenuates testosterone-induced
prostatic hyperplasia in rats by the regulation of inflammatory and apoptotic proteins.
Toxicology and Applied Pharmacology. 2016;311:52-60.
doi:10.1016/j.taap.2016.09.024

Shoieb SM, Esmat A, Khalifa AE, Abdel-Naim AB. Chrysin attenuates testosterone-
induced benign prostate hyperplasia in rats. Food and Chemical Toxicology.
2018;111:650-659. doi:10.1016/j.fct.2017.12.017



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

76

Choi YJ, Kim EK, Sung SH, Fan M, Tang Y, Hwang YJ. Effect of Paecilomyces
tenuipes extract on testosterone-induced benign prostatic hyperplasia in sprague—
dawley rats. International Journal of Environmental Research and Public Health.
2019;16(19):1-10. doi:10.3390/ijerph16193764

Song L, Shen W, Zhang H, Wang Q, Wang Y, Zhou Z. Diff erential expression of
androgen , estrogen , and progesterone receptors in benign prostatic hyperplasia.
Bosnian journal of basic medical sciences / UdruZenje basi¢nih mediciniskih znanosti
= Association of Basic Medical Sciences. 2016;16(3):201-208.
doi:10.17305/bjbms.2016.1209

Verze P, Cai T, Lorenzetti S. The role of the prostate in male fertility, health and
disease. Nature Reviews Urology. 2016;13(7):379-386. doi:10.1038/nrurol.2016.89
Swerdloff RS, Dudley RE, Page ST, Wang C, Salameh WA. Dihydrotestosterone:
Biochemistry, physiology, and clinical implications of elevated blood levels. Endocrine
Reviews. 2017;38(3):220-254. doi:10.1210/er.2016-1067

De Nunzio C, Kramer G, Marberger M, et al. The controversial relationship between
benign prostatic hyperplasia and prostate cancer: The role of inflammation. European
Urology. 2011;60(1):106-117. doi:10.1016/j.eururo.2011.03.055

Li J, Tian Y, Guo S, Gu H, Yuan Q, Xie X. Testosterone-induced benign prostatic
hyperplasia rat and dog as facile models to assess drugs targeting lower urinary tract
symptoms. PLoS ONE. 2018;13(1):1-13. doi:10.1371/journal.pone.0191469

Porter CM, Shrestha E, Peiffer LB, Sfanos KS. The microbiome in prostate
inflammation and prostate cancer. Prostate Cancer and Prostatic Diseases.
2018;21(3):345-354. d0i:10.1038/s41391-018-0041-1

Nickel JC, Downey J, Young |, Boag S. Asymptomatic inflammation and/or infection in
benign prostatic  hyperplasia. BJU International. 1999;84(9):976-981.
doi:10.1046/j.1464-410X.1999.00352.x

Kramer G, Steiner GE, Handisurya A, et al. Increased expression of lymphocyte-
derived cytokines in benign hyperplastic prostate tissue, identification of the producing
cell types, and effect of differentially expressed cytokines on stromal cell proliferation.
Prostate. 2002;52(1):43-58. doi:10.1002/pros.10084

Konig JE, Senge T, Allhoff EP, Konig W. Analysis of the Inflammatory Network in
Benign Prostate Hyperplasia and Prostate Cancer. Prostate. 2004;58(2):121-129.
doi:10.1002/pros.10317



21.

22.

23.

24,

25.

26.

27.

28.

29.

77

Liu TT, Grubisha MJ, Frahm KA, et al. Opposing effects of cyclooxygenase-2 (COX-2)
on estrogen receptor B (ERB) response to 5a-reductase inhibition in prostate epithelial
cells. Journal of Biological Chemistry. 2016;291(28):14747-14760.
doi:10.1074/jbc.M115.711515

Baltaci S, Orhan D, Gogus C, Turkélmez K, Tulunay O, Gégis O. Inducible nitric oxide
synthase expression in benign prostatic hyperplasia, low- and high-grade prostatic
intraepithelial neoplasia and prostatic carcinoma. BJU International. 2001;88(1):100-
103. doi:10.1046/j.1464-410X.2001.02231.x

Wang W, Bergh A, Damber JE. Chronic inflammation in benign prostate hyperplasia is
associated with focal upregulation of cyclooxygenase-2, Bcl-2, and cell proliferation in
the glandular epithelium. Prostate. 2004;61(1):60-72. doi:10.1002/pros.20061
Pagano E, Laudato M, Griffo M, Capasso R. Phytotherapy of benign prostatic
hyperplasia. A minireview. Phytotherapy Research. 2014;28(7):949-955.
doi:10.1002/ptr.5084

Deng L, Zong W, Tao X, et al. Evaluation of the therapeutic effect against benign
prostatic hyperplasia and the active constituents from Epilobium angustifolium L.
Journal of Ethnopharmacology. 2019;232. doi:10.1016/j.jep.2018.11.045

Park KR, Nam D, Yun HM, et al. B-Caryophyllene oxide inhibits growth and induces
apoptosis through the suppression of PISK/AKT/mTOR/S6K1 pathways and ROS-
mediated MAPKs activation. Cancer Letters. 2011;312(2):178-188.
doi:10.1016/j.canlet.2011.08.001

Machado K da C, Islam MT, Ali ES, et al. A systematic review on the neuroprotective
perspectives of beta-caryophyllene. Phytotherapy Research. 2018;32(12):2376-2388.
doi:10.1002/ptr.6199

Oliveira GL da S, Machado KC, Machado KC, da Silva AP dos SCL, Feitosa CM, de
Castro Almeida FR. Non-clinical toxicity of B-caryophyllene, a dietary cannabinoid:
Absence of adverse effects in female Swiss mice. Regulatory Toxicology and
Pharmacology. 2018;92:338-346. doi:10.1016/j.yrtph.2017.12.013

Francomano F, Caruso A, Barbarossa A, et al. B-caryophyllene: A sesquiterpene with
countless biological properties. Applied Sciences (Switzerland). 2019;9(24).
doi:10.3390/app9245420



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

78

Yamaguchi M, Levy RM. The combination of B-caryophyllene, baicalin and catechin
synergistically suppresses the proliferation and promotes the death of RAW267.4
macrophages in vitro. International Journal of Molecular Medicine. 2016;38(6):1940-
1946. doi:10.3892/ijmm.2016.2801

Gertsch J, Leonti M, Raduner S, et al. Beta-caryophyllene is a dietary cannabinoid.
Proceedings of the National Academy of Sciences of the United States of America.
2008;105(26):9099-9104. doi:10.1073/pnas.0803601105

Irrera N, D’ascola A, Pallio G, et al. B-Caryophyllene Mitigates Collagen Antibody
Induced Arthritis (CAIA) in Mice Through a Cross-Talk between CB2 and PPAR-y
Receptors. Biomolecules. 2019;9(8). doi:10.3390/biom9080326

Chang HJ, Kim JM, Lee JC, Kim WK, Chun HS. Protective effect of 3-caryophyllene,
a natural bicyclic sesquiterpene, against cerebral ischemic injury. Journal of Medicinal
Food. 2013;16(6):471-480. doi:10.1089/jmf.2012.2283

Ames-Sibin AP, Barizdo CL, Castro-Ghizoni C V., et al. B-Caryophyllene, the major
constituent of copaiba oil, reduces systemic inflammation and oxidative stress in
arthritic rats. Journal of Cellular Biochemistry. 2018;119(12):10262-10277.
doi:10.1002/jcb.27369

Koyama S, Purk A, Kaur M, et al. Beta-caryophyllene enhances wound healing through
multiple routes. PLoS ONE. 2019;14(12). doi:10.1371/journal.pone.0216104

Varga Z V., Matyas C, Erdelyi K, et al. p-Caryophyllene protects against alcoholic
steatohepatitis by attenuating inflammation and metabolic dysregulation in mice.
British Journal of Pharmacology. 2018;175(2):320-334. doi:10.1111/bph.13722

Javed H, Azimullah S, Haque ME, Ojha SK. Cannabinoid type 2 (CB2) receptors
activation protects against oxidative stress and neuroinflammation associated
dopaminergic neurodegeneration in rotenone model of parkinson’s disease. Frontiers
in Neuroscience. 2016;10:1-14. doi:10.3389/fnins.2016.00321

Ojha S, Javed H, Azimullah S, Haque ME. B-Caryophyllene, a phytocannabinoid
attenuates oxidative stress, neuroinflammation, glial activation, and salvages
dopaminergic neurons in a rat model of Parkinson disease. Molecular and Cellular
Biochemistry. 2016;418(1-2):59-70. doi:10.1007/s11010-016-2733-y

Alberti TB, Barbosa WLR, Vieira JLF, Raposo NRB, Dutra RC. (-)-B-caryophyllene, a
CB2 receptor-selective phytocannabinoid, suppresses motor paralysis and
neuroinflammation in a murine model of multiple sclerosis. International Journal of
Molecular Sciences. 2017;18(4):1-14. doi:10.3390/ijms18040691



40.

4].

42.

43.

44.

45.

46.

47.

48.

79

Poddighe L, Carta G, Serra MP, et al. Acute administration of beta-caryophyllene
prevents endocannabinoid system activation during transient common carotid artery
occlusion and reperfusion. Lipids in Health and Disease. 2018;17(1).
doi:10.1186/s12944-018-0661-4

Begnini KR, Nedel F, Lund RG, et al. Composition and antiproliferative effect of
essential oil of origanum vulgare against tumor cell lines. Journal of Medicinal Food.
2014;17(10):1129-1133. doi:10.1089/jmf.2013.0063

Fidyt K, Fiedorowicz A, Strzgdata L, Szumny A. B-Caryophyllene and B-Caryophyllene
Oxide—Natural Compounds of Anticancer and Analgesic Properties. Cancer Medicine.
2016;5(10):3007-3017. doi:10.1002/cam4.816

Kim C, Cho SK, Kim KD, et al. B-Caryophyllene oxide potentiates TNFa-induced
apoptosis and inhibits invasion through down-modulation of NF-kB-regulated gene
products. Apoptosis. 2014;19(4):708-718. doi:10.1007/s10495-013-0957-9

Kim BH, Kim C I, Chang HS, et al. Cyclooxygenase-2 overexpression in chronic
inflammation associated with benign prostatic hyperplasia: Is it related to apoptosis
and angiogenesis of prostate cancer? Korean Journal of Urology. 2011;52(4):253-259.
doi:10.4111/kju.2011.52.4.253

Gongalves BF, de Campos SGP, Gées RM, Scarano WR, Taboga SR, Vilamaior PSL.
Dual action of high estradiol doses on MNU-induced prostate neoplasms in a rodent
model with high serum testosterone: Protective effect and emergence of unstable
epithelial microenvironment. Prostate. 2017;77(9):970-983. doi:10.1002/pros.23353
Sanches BDA, Maldarine JS, Zani BC, et al. Telocytes play a key role in prostate tissue
organisation during the gland morphogenesis. Journal of Cellular and Molecular
Medicine. 2017;21(12):3309-3321. doi:10.1111/jcmm.13234

Facina CH, Campos SGP, Goncalves BF, Gées RM, Vilamaior PSL, Taboga SR. Long-
term oral exposure to safe dose of bisphenol A in association with high-fat diet
stimulate the prostatic lesions in a rodent model for prostate cancer. Prostate.
2018;78(2):152-163. doi:10.1002/pros.23458

Guerra LHA, Tamarindo GH, de Campos SGP, Taboga SR, Vilamaior PSL. Do mineral
and corn oil serve as potential endocrine disruptors in the gerbil prostate?
Reproductive Toxicology. 2019;90:141-149. doi:10.1016/j.reprotox.2019.09.004



49.

50.

51.

52.

53.

54.

55.

56.

80

Adaramoye OA, Akanni OO, Abiola OJ, Owumi SE, Akinloye O, Olapade-olaopa EO.
Methyl jasmonate reduces testosterone-induced benign prostatic hyperplasia through
regulation of inflammatory and apoptotic processes in rats. Biomedicine and
Pharmacotherapy. 2017;95:1493-1503. doi:10.1016/].biopha.2017.08.106

Jeon WY, Kim OS, Seo CS, et al. Inhibitory effects of Ponciri Fructus on testosterone-
induced benign prostatic hyperplasia in rats. BMC Complementary and Alternative
Medicine. 2017;17(1):1-10. doi:10.1186/s12906-017-1877-y

Shappell SB, Thomas G V., Roberts RL, et al. Prostate Pathology of Genetically
Engineered Mice: Definitions and Classification. The Consensus Report from the Bar
Harbor Meeting of the Mouse Models of Human Cancer Consortium Prostate
Pathology Committee. Cancer Research. 2004;64(6):2270-2305. doi:10.1158/0008-
5472.CAN-03-0946

Goncalves BF, Zanetoni C, Scarano WR, et al. Prostate carcinogenesis induced by N-
methyl-N-nitrosourea (mnu) in gerbils: Histopathological diagnosis and potential
invasiveness mediated by extracellular matrix components. Experimental and
Molecular Pathology. 2010;88(1):96-106. doi:10.1016/j.yexmp.2009.09.017
Goncalves BF, De Campos SGP, Zanetoni C, et al. A new proposed rodent model of
chemically induced prostate carcinogenesis: Distinct time-course prostate cancer
progression in the dorsolateral and ventral lobes. Prostate. 2013;73(11):1202-1213.
doi:10.1002/pros.22669

de Jesus MM, Negrin AC, Taboga SR, Pinto-Fochi ME, G??es RM. Histopathological
alterations in the prostates of Mongolian gerbils exposed to a high-fat diet and di-n-
butyl phthalate individually or in combination. Reproductive Toxicology. 2015;52:26-
39. doi:10.1016/j.reprotox.2015.02.005

Wang X, Lin WJ, Izumi K, et al. Increased infiltrated macrophages in benign prostatic
hyperplasia (BPH): Role of stromal androgen receptor in macrophage-induced
prostate  stromal cell proliferation. Journal of Biological Chemistry.
2012;287(22):18376-18385. d0i:10.1074/jbc.M112.355164

Quintar AA, Goncgalves BF, Taboga SR, Maldonado CA. The Mongolian Gerbil
(Meriones unguiculatus) as a Model for Inflammation- promoted Prostate
Carcinogenesis. Cell Biology International. 2017;11:1234-1238.
doi:10.1002/chin.10789



57.

58.

59.

60.

61.

62.

63.

64.

65.

81

Suckow MA, Wolter W, Pollard M. Susceptibility of Lobund-Wistar x Copenhagen
hybrid rats to autochthonous prostate carcinogenesis. Prostate. 2005;64(2):203-208.
doi:10.1002/pros.20237

Shirai T, Takahashi S, Cui L, et al. Experimental prostate carcinogenesis - Rodent
models. Mutation Research - Reviews in Mutation Research. 2000;462(2-3):219-226.
doi:10.1016/S1383-5742(00)00039-9

Pegorin De Campos SG, Zanetoni C, Goes RM, Taboga SR. Biological behavior of the
gerbil ventral prostate in three phases of postnatal development. Anatomical Record -
Part A Discoveries in Molecular, Cellular, and Evolutionary Biology. 2006;288(7):723-
733. doi:10.1002/ar.a.20347

Campos SGP, Zanetoni C, Scarano WR, Vilamaior PSL, Taboga SR. Age-related
histopathological lesions in the Mongolian gerbil ventral prostate as a good model for
studies of spontaneous hormone-related disorders. International Journal of
Experimental Pathology. 2008;89(1):13-24. doi:10.1111/j.1365-2613.2007.00550.x
Scarano WR, De Sousa DE, Campos SGP, Corradi LS, Vilamaior PSL, Taboga SR.
Oestrogen supplementation following castration promotes stromal remodelling and
histopathological alterations in the Mongolian gerbil ventral prostate. International
Journal of Experimental Pathology. 2008;89(1):25-37. do0i:10.1111/.1365-
2613.2007.00559.x

Scarano WR, Vilamaior PSL, Taboga SR. Tissue evidence of the testosterone role on
the abnormal growth and aging effects reversion in the gerbil (Meriones unguiculatus)
prostate. Anatomical Record - Part A Discoveries in Molecular, Cellular, and
Evolutionary Biology. 2006;288(11):1190-1200. doi:10.1002/ar.a.20391

Oliveira SM, Leite Vilamaior PS, Corradi LS, Goes RM, Taboga SR. Cellular and
extracellular behavior in the gerbil (Meriones unguiculatus) ventral prostate following
different types of castration and the consequences of testosterone replacement. Cell
Biology International. 2007;31(3):235-245. doi:10.1016/j.cellbi.2006.10.006

Biancardi M, Perez AS, Caires CR, et al. Prenatal and pubertal testosterone exposure
imprint permanent modifications in the prostate that predispose to the development of
lesions in old Mongolian Gerbils. Asian Journal of Andrology. 2015;0(0):0.
doi:10.4103/1008-682X.170436

Maldarine JS, Sanches BDA, Cabral AS, et al. Prenatal exposure to finasteride
promotes sex-specific changes in gerbil prostate development. Reproduction, Fertility
and Development. 2019;31(11):1719-1729. doi:10.1071/RD19106



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

82

Lee G, Shin J, Choi H, et al. Cynanchum wilfordii ameliorates testosterone-induced
benign prostatic hyperplasia by regulating 5a-reductase and androgen receptor
activities in a rat model. Nutrients. 2017;9(10). doi:10.3390/nu9101070
Quintero-Garcia M, Delgado-Gonzalez E, Sanchez-Tusie A, Vazquez M, Aceves C,
Anguiano B. lodine prevents the increase of testosterone-induced oxidative stress in a
model of rat prostatic hyperplasia. Free Radical Biology and Medicine. 2018;115:298-
308. doi:10.1016/j.freeradbiomed.2017.12.014

Mendes LO, Castilho ACS, Pinho CF, et al. Modulation of inflammatory and hormonal
parameters in response to testosterone therapy: Effects on the ventral prostate of adult
rats. Cell Biology International. 2018;42(9):1200-1211. doi:10.1002/cbin.10990

Goltz D, Montani M, Braun M, et al. Prognostic relevance of proliferation markers (Ki-
67, PHH3) within the cross-relation of ERG translocation and androgen receptor
expression in prostate cancer. Pathology. 2015;47(7):629-636.
doi:10.1097/PAT.0000000000000320

Nowak M, Svensson MA, Carlsson J, et al. Prognostic significance of phospho-histone
H3 in prostate carcinoma. World Journal of Urology. 2014;32(3):703-707.
doi:10.1007/s00345-013-1135-y

Mrakov&ié-Sutié |, Tokmadzi¢ VS, Toma$ MI, et al. Cross talk between NKT and
regulatory T cells (Tregs) in prostatic tissue of patients with benign prostatic
hyperplasia and prostate cancer. Periodicum Biologorum. 2014;116(4):409-415.
Kruslin B, Tomas D, Dzombeta T, Milkovi¢-PeriSa M, Ulamec M. Inflammation in
Prostatic Hyperplasia and Carcinoma—Basic Scientific Approach. Frontiers in
Oncology. 2017;7:1-7. doi:10.3389/fonc.2017.00077

Taboga SR and B de CV. Collagen fibers in human prostatic lesions: histochemistry
and anisotropies. J Submicrosc Cytol Pathol. 2003;35:11-16.

Vilamaior PSL, Felisbino SL, Taboga SR, Carvalho HF. Collagen fiber reorganization
in the rat ventral prostate following androgen deprivation: A possible role for smooth
muscle cells. Prostate. 2000;45(3):253-258. doi:10.1002/1097-
0045(20001101)45:3<253::AID-PR0OS8>3.0.CO;2-P

Chagas MA, Babinski MA, Costa WS, Sampaio FJB. Stromal and acinar components
of the transition zone in normal and hyperplastic human prostate. BJU International.
2002;89(7):699-702. d0i:10.1046/].1464-410X.2002.02724.x



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

83

Bruni-Cardoso A, Vilamaior PSL, Taboga SR, Carvalho HF. Localized matrix
metalloproteinase (MMP)-2 and MMP-9 activity in the rat ventral prostate during the
first week of postnatal development. Histochemistry and Cell Biology.
2008;129(6):805-815. doi:10.1007/s00418-008-0407-x

Kramer G, Marberger M. Could inflammation be a key component in the progression
of benign prostatic hyperplasia? Current Opinion in Urology. 2006;16(1):25-29.
doi:10.1097/01.mou.0000193368.91823.1b

Silva JAF, Calmasini F, Siqueira-Berti A, Moraes-Vieira PMM, Quintar A, Carvalho HF.
Prostate immunology: A challenging puzzle. Journal of Reproductive Immunology.
2020;142:103190. doi:10.1016/}.jri.2020.103190

Zhang B, Kwon OJ, Henry G, et al. Non-Cell-Autonomous Regulation of Prostate
Epithelial Homeostasis by Androgen Receptor. Molecular Cell. 2016;63(6):976-989.
doi:10.1016/j.molcel.2016.07.025

Sfanos KS, Yegnasubramanian S, Nelson WG, De Marzo AM. The inflammatory
microenvironment and microbiome in prostate cancer development. Nature Reviews
Urology. 2018;15(1):11-24. doi:10.1038/nrurol.2017.167

Sfanos KS, Bruno TC, Meeker AK, De Marzo AM, Isaacs WB, Drake CG. Human
prostate-infiltrating CD8+ T lymphocytes are oligoclonal and PD-1+. Prostate.
2009;69(15):1694-1703. doi:10.1002/pros.21020

De Nunzio C, Presicce F, Tubaro A. Inflammatory mediators in the development and
progression of benign prostatic hyperplasia. Nature Reviews Urology.
2016;13(10):613-626. doi:10.1038/nrurol.2016.168

De Nunzio C, Kramer G, Marberger M, et al. The controversial relationship between
benign prostatic hyperplasia and prostate cancer: The role of inflammation. European
Urology. 2011;60(1):106-117. doi:10.1016/j.eururo.2011.03.055

Lanciotti M, Masieri L, Raspollini MR, et al. The role of M1 and M2 macrophages in
prostate cancer in relation to extracapsular tumor extension and biochemical
recurrence after radical prostatectomy. BioMed Research International. 2014;2014.
doi:10.1155/2014/486798

Woo JR, Liss MA, Muldong MT, et al. Tumor infiltrating B-cells are increased in
prostate cancer tissue. Journal of Translational Medicine. 2014;12(1):1-9.
doi:10.1186/1479-5876-12-30



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

84

Karja V, Aaltomaa S, Lipponen P, Isotalo T, Talja M, Mokka R. Tumour-infiltrating
lymphocytes: A prognostic factor of psa-free survival in patients with local prostate
carcinoma treated by radical prostatectomy. Anticancer Research. 2005;25(6 C):4435-
4438.

Flammiger A, Bayer F, Cirugeda-Kuhnert A, et al. Intratumoral T but not B lymphocytes
are related to clinical outcome in prostate cancer. Apmis. 2012;120(11):901-908.
doi:10.1111/j.1600-0463.2012.02924.x

Sobolewski C, Cerella C, Dicato M, Ghibelli L, Diederich M. The role of
cyclooxygenase-2 in cell proliferation and cell death in human malignancies.
International Journal of Cell Biology. 2010;2010. doi:10.1155/2010/215158

DeNardo DG, Ruffell B. Macrophages as regulators of tumour immunity and
immunotherapy. Nature Reviews Immunology. 2019;19(6):369-382.
doi:10.1038/s41577-019-0127-6

Castro NFC, Falleiros-Junior LR, Zucéo Ml, et al. Ethinylestradiol and its effects on the
macrophages in the prostate of adult and senile gerbils. Cell Biology International.
2020;(1065-6995):1-14. doi:10.1002/cbin.11342

Terry SYA, Boerman OC, Gerrits D, et al. 111In-anti-F4/80-A3-1 antibody: a novel
tracer to image macrophages. European Journal of Nuclear Medicine and Molecular
Imaging. 2015;42(9):1430-1438. doi:10.1007/s00259-015-3084-8

Waddell LA, Lefevre L, Bush SJ, et al. ADGRE1 (EMR1, F4/80) is a rapidly-evolving
gene expressed in mammalian monocyte-macrophages. Frontiers in Immunology.
2018;9. doi:10.3389/fimmu.2018.02246

Kramer G, Mitteregger D, Marberger M. Is Benign Prostatic Hyperplasia (BPH) an
Immune Inflammatory Disease?{A figure is presented}. European Urology.
2007;51(5):1202-1216. doi:10.1016/j.eururo.2006.12.011

Mantovani A, Sica A, Sozzani S, Allavena P, Vecchi A, Locati M. The chemokine
system in diverse forms of macrophage activation and polarization. Trends in
Immunology. 2004;25(12):677-686. doi:10.1016/].it.2004.09.015

Mimura KKO, Moraes AR, Miranda AC, et al. Mechanisms underlying heterologous
skin scaffold-mediated tissue remodeling. Scientific Reports. 2016;6:1-13.
doi:10.1038/srep35074

Kim MG, Lim K, Lee YJ, et al. M2 macrophages predict worse long-term outcomes in
human acute tubular necrosis. Scientific Reports. 2020;10(1):1-7. doi:10.1038/s41598-
020-58725-w



97.

98.

99.

100.

101.

102.

85

Moreira AP, Hogaboam CM. Macrophages in Allergic Asthma : Fine-Tuning Their Pro-
and  Anti-Inflammatory  Actions for Disease  Resolution. 2011;31(6).
doi:10.1089/jir.2011.0027

Jablonski KA, Amici SA, Webb LM, et al. Novel markers to delineate murine M1 and
M2 macrophages. PLoS ONE. 2015;10(12):5-11. doi:10.1371/journal.pone.0145342
Andrade-Silva M, Correa LB, Candéa ALP, et al. The cannabinoid 2 receptor agonist
B-caryophyllene modulates the inflammatory reaction induced by Mycobacterium bovis
BCG by inhibiting neutrophil migration. Inflammation Research. 2016;65(11):869-879.
doi:10.1007/s00011-016-0969-3

Youssef DA, El-Fayoumi HM, Mahmoud MF. Beta-caryophyllene protects against diet-
induced dyslipidemia and vascular inflammation in rats: Involvement of CB2 and
PPAR-y receptors. Chemico-Biological Interactions. 2019;297:16-24.
doi:10.1016/j.cbi.2018.10.010

Rabbani M, Sajjadi SE, Vaezi A. Evaluation of anxiolytic and sedative effect of
essential oil and hydroalcoholic extract of Ocimum basilicum L. and chemical
composition of its essential oil. Research in Pharmaceutical Sciences. 2015;10(6):535-
543.

Leonhardt V, Leal-Cardoso JH, Lahlou S, et al. Antispasmodic effects of essential oil
of Pterodon polygalaeflorus and its main constituent 3-caryophyllene on rat isolated
ileum. Fundamental and  Clinical Pharmacology. 2010;24(6):749-758.
doi:10.1111/j.1472-8206.2009.00800.x



Tables:

Table 1. Descriptions of antibodies applied in the immunohistochemistry.
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Antibodies Description Dilution

PHH3 Rabbit Polyclonal (Ser 10, #9701S, Cell Signaling, Danvers, MA, 1:75
USA)

Cox2 Rabbit Monoclonal (IgG, D5H5, #12282, Cell Signaling, Danvers, 1:100
MA, USA)

F4/80 Rabbit Monoclonal (IgG, D2S9R, #70076, Cell Signaling, Danvers, 1:100
MA, USA)

CD163 Rabbit Polyclonal (sc-33560, Santa Cruz Biotechnology CA, EUA) 1:50

a- actin Mouse monoclonal (sc-32251, Santa Cruz Biotechnology CA, EUA 1:100
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Table 2. Biometric and hormonal parameters of Mongolian gerbils in the control (C), B-Caryophyllene
(BCP), Testosterone (T), and Testosterone and (3-Caryophyllene (TBCP) groups.

Experimental groups

Parameters

C

BCP

TBCP

Biometric data (n=8/group)
Body weight (g)

Prostatic complex weight
(mg)

Prostatic complex
weight (x 10°3)
Ventral lobe weight (mg)

relative

Ventral lobe relative weight
(x 104
Hormonal data (n=7/group)

Testosterone (ng/ml)

72.80 + 8.7152
662.3 + 154.52

9.323 + 1.3792

19.95 + 6.3702

2.735 £ 0.7692

2.187 £ 0.9242

73.90 + 6.5372
658.0 + 163.62

8.845 + 1.9202

19.06 + 7.5402

2.550 + 0.8782

1.765 + 1.0192

81.00 + 8.547
1163 + 127.8°

14.48 + 1.968P

38.40 + 9.081°

4.799 + 1.298P

8.686 + 4.722°

74.42 +5.3572
1169 + 118.4°

14.97 + 1.395P

36.70 + 8.266°

4.954+ 0.992P

6.082 + 1.387°

Values expressed as mean * standard deviation.

ab represent statistically significant differences (p < 0.05) between the experimental groups.

Two-way ANOVA was followed by Bonferroni post-tests.
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Figure 1. Schematic representation of treatments and experimental groups.
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PICROSIRIUS GOMORI’S RETICULIN a- ACTIN

Figure 2. Histological sections of the ventral prostate of Mongolian gerbils from different
experimental groups. Normal aspect (A, H, I, M, N, Q), Prostatic intraepithelial neoplasia (PIN) (D,
F, G, J, K, P, R), intraluminal inflammatory foci (*) (D, J, O), periductal foci (arrowhead) (D, J, O,
S, U), subepithelial inflammatory foci (SUB) (D, E), flat epithelial atypia (circles) (C, L), papillary
epithelial atypia (squares) (A, B, C, D, F, J, O, P), reticular fibers (short arrows) (M, N, P), collagen
fibers (long arrows) (M, O, P), microinvasive carcinoma (thicker arrows) (S, T) and smooth muscle
cells (SMC) (Q, V).
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MULTIPLICITY

C BCP T TBCP
Flat epithelial atypia 3-49 (18.93) 3-41 (14.28) 2-43 (18.53) 4-69 (23.50)
Papillary epithelial atypia 0-29 (13.03) 0-44 (14.83) 0-75 (18.38) 0-69 (18.15)
Periductal Inflammation 0-6 (1.275) 0-7 (1.725) 0-18 (5.875) 0-21 (4.925)
Intraluminal Inflammation 0(0) 0 (0) 0-12 (0.625) 0 (0)
Subepithelial Inflammation 0-5 (1.575) 0-11 (1.400)* 0-20 (5.525)° 0 (0)?
PIN 0-8 (2.175) 0-18 (4.475) 0-84 (14.58)° 0-29 (7.375)*
Microinvasive carcinoma 0(0) 0(0) 0-1 (0.050) 0(0)

600+ @ Microinvasive carcinoma

EA PIN

— B Subepithelial Inflammation
& 4004 Intraluminal Inflammation
8 3 Periductal Inflammation
E B3 Papillary epithelial atypia
g 2004 [ Flat epithelial atypia
0 T T T T
Cc BCP T TBCP

Figure 3. Analyses of multiplicity (A) and incidence (B) of prostatic lesions in ventral lobes of
Mongolian gerbils. Control (C), B-Caryophyllene (BCP), testosterone (T), and Testosterone and
B-Caryophyllene (TBCP) groups. Superscript letters a and b indicate significant differences
between the groups. Two-way ANOVA was followed by Bonferroni post-tests (A). Incidence

analysis was performed in percentage (B). Values expressed as mean + standard deviation.
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BCP
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TBCP

C e T TBP , , C BP T TBCP
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Figure 4. Histological sections of the gerbil prostate subjected to immunostaining for proliferating cells
(PHH3) (A-F) and for inflammatory cells (Cox2) (G-K). Control Group (A, B, G), BCP (C, H), T (D, I) and
TBCP (E, F, J, K). Negative controls (B, K). Positive staining was present in the epithelium (long arrows)
and stroma (short arrows). Absolute frequency of PHH3 (L) and Cox2 (M) positive cells present in the
epithelium and stroma of the ventral prostate of groups C, BCP, T, TBCP. The statistical analyses were
based on the two-way ANOVA test followed by the Bonferroni test (post hoc) (l). * p <0.05; ** p <0.01,;
*** n <0.001; **** p <0.0001.
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Figure 5. Immunohistochemical identification of macrophages through reaction with the anti-F4/80
(A-G) and CD163 (H-M) antibody. Control Group (A, B, H), BCP (C, I, J), T (D, E, K, L) and TBCP
(F, G, M). Negative controls (G, J). Positive markings for F4/80 and CD163 in the intraepithelial
region (long arrows) and stroma (short arrows). Absolute frequency of positive F4/80 (N) and CD163
(O) cells present in the intraepithelial region and stroma of the ventral prostate of groups C, BCP, T,
TBCP. The statistical analyses were based on the two-way ANOVA test followed by the Bonferroni
test (post hoc) (H). * p <0.05; ** p <0.01; **** p <0.0001.
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Abstract

Benign prostatic hyperplasia (BPH) consists of an excessive growth of prostate
epithelium and stroma and is associated with inflammation and an increase in
proliferative cells. In recent years, studies of phytochemicals have been conducted and
have shown positive results in the treatment of prostatic diseases. (-caryophyllene
(BCP) is a phytocannabinoid with anti-inflammatory effects, which has been little
studied in prostatic pathologies. In the present study, we evaluated the effects of BCP
on both normal and BPH conditions of the Mongolian gerbil prostate, focusing on tissue
morphology, the expression of hormone receptors, and apoptosis. Adult male gerbils
were divided into four groups (n = 12) and exposed (T and TBCP) or not (Control and
BCP) to testosterone cypionate (3 mg/kg), as a hyperplastic inductor. The TBCP and
BCP groups were then treated with BCP (50 mg/kg/day). Testosterone exposure
increased the prostatic volume, the expression of 5 a-reductase type 2 (5aR2),
epithelial androgen receptor (AR) and estrogen receptor a (ER-a) in the T group. BCP
induced a reduction in areas of the epithelium and stroma, and AR-positive cells in
hyperplastic tissue of the TBCP group. Western blot only showed variations in ER- 3
expression, which was higher after the BCP administration in animals with BPH.
Moreover, the serum levels of 17-f estradiol were hardly detected in the BCP and
TBCP groups. The number of apoptotic cells increased in the BCP and TBCP groups.
The administration of BCP in animals with BPH regulates the expression of hormonal
receptors and induces apoptosis. These results suggest that BCP is beneficial and can
reverse the effects of BPH.

Keywords: prostatic hyperplasia, cannabinoid, hormonal receptors, apoptosis.

Introduction

Benign prostatic hyperplasia (BPH) is a common prostatic disease that
constitutes a serious public health concern [1]. BPH is characterized by abnormal
growth of the prostate resulting from deregulation of the proliferation of epithelial and
stromal cells and an increase in extracellular matrix components such as
glycoproteins, proteoglycans and collagens [2,3].

Androgens and estrogens mediate the hormonal regulation of the prostatic cells
[4,5]. However, the difference between the expression levels of androgen and estrogen
receptors (AR and ERs) in BPH and the normal prostate has been a matter for debate,

since levels may increase or decrease in BPH tissues [6-10]. In addition, the activity
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of 5 a-reductase plays an important role in the pathogenesis of this disorder since
inhibitors of this enzyme have been widely used in BPH treatment [11,12].

Even though many studies have been made of the molecular and endocrine
processes [13-16], the etiology of BPH is still unclear [17,18]. To elucidate the
pathological mechanisms and develop therapeutic strategies, the use of animals as
experimental models has been extensive [17]. Thus, various animal species have been
utilized, which develop BPH either spontaneously (associated with age) [19] or after
induction [20-22].

The Mongolian gerbil (Meriones unguiculatus) is an experimental model
commonly utilized in prostate gland studies [23—-26]. They are easily handled in the
laboratory and are thus increasingly used for biomedical research [27,28]. The prostate
in these animals is similar to the human prostate both in morphological terms and,
differ from other rodents, with regard to lobe compaction [29,30].

New treatment alternatives for prostate diseases, such as BPH, are being
sought and tested by different researchers [17,31-33]. In this context, one promising
treatment previously proposed for prostatic disorders is the use of cannabinoid
receptor (CB) agonists [34,35]. These receptors are divided into cannabinoid receptors
type 1 (CB1) and type 2 (CB2) and they present different distributions in the organism
[34,36,37].

CB1 is mostly localized in the central nervous system and CB2 is frequently
found in peripheral and reproductive tissues and immune cells [34,36,38,39]. CBs
modulate several signaling pathways involved in the modulation of proliferation and
cell death [35,40]. Recent studies in colon, breast, and prostate cancerous cell lines
showed overexpression of CB2, suggesting that this receptor is involved in the
regulation of tumor cell metastasis [35].

B-caryophyllene (BCP) is a sesquiterpene classified as a phytocannabinoid
ligand of CB2 [39,41,42]. It is found in Cannabis sativa and several other plant species
such as black pepper, clove, hops, copaiba, and oregano [36,37,39,43,44]. The
pharmacological proprieties of BCP include antioxidant, anti-inflammatory,
antimicrobial, cardioprotective, neuroprotective, and apoptotic effects [39,43,45-48].

Although BCP has demonstrated beneficial effects in many disorders [44,48],
studies in the prostate are still restricted to 3-caryophyllene oxide (BCPO), a derivate
of BCP [36,49,50] and little is known about BCP action in prostatic disorders, such as

BPH. Recently, we investigated the effects of BCP in the ventral prostate under normal
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and BPH conditions. Proliferation and inflammation markers were reduced in the BCP
treated groups, suggesting a beneficial effect of this phytocannabinoid on BPH [51].
Thus, to complement the analysis of the effects of BCP in the prostate, our proposal in
the present study has been to evaluate the morphology, the expression of sex
hormonal receptors, and the apoptosis rates in the BPH and normal prostate tissue
compartments, since these parameters have not been analyzed in the prostate after

the administration of BCP.
Material and Methods

Experimental design

Forty-eight male gerbils (90 days old) were utilized in this experiment. The
animals were provided by the Animal Breeding Center of the Institute of Biosciences,
Humanities and Exact Sciences (IBILCE) of the S&o Paulo State University (UNESP).
They were maintained in ventilated polyethylene cages under controlled conditions of
light (12 h dark/12 h light) and temperature (24 °C) and received a rodent feed and
filtrated water ad libitum.

The animals were randomly divided into four groups (n=12 per group). The intact
control (C) did not receive any treatment. The B-Caryophyllene (BCP) group received
0.1 mil/day of B-Caryophyllene (W225207; Sigma-Aldrich, 50 mg/kg/day) [52] diluted in
corn oil (Cargil, Brazil) for 30 days (during the fourth month old), via gavage. The BPH
induced groups: testosterone (T) - animals received 0.1 ml of testosterone cypionate
(Deposteron, EMS) [53,54] diluted in corn oil (3 mg/Kg), on alternate days, during 30
days via subcutaneous injections and they were euthanized one month after the end
of the hormonal application; and testosterone + (3-Caryophyllene (TBCP) - animals
received subcutaneous injections of 0.1 ml of testosterone cypionate diluted in corn oil
(3 mg/Kg), on alternate days, during 30 days and then, the BCP treatment (50
mg/kg/day) diluted in corn oil in 0.1 ml/day for 4 weeks, via gavage. At the end of the
experiment, all animals, with 150 days old, were anesthetized with xylazine (3 mg/kg)
and ketamine (10 mg/kg) and euthanized by decapitation. Immediately after
decapitation, the blood was collected, centrifuged at 3000 rpm for 20 minutes and
serum was frozen at -80°C. The dissection was performed, the prostatic complex was
collected, and the ventral prostate was separated. For the western blots analysis, the
ventral prostates were storage at - 80°C. For morphological and immunohistochemistry

analysis, these prostatic tissue were fixed in 4% paraformaldehyde for 24 hours. Next,
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samples were processed for inclusion in paraffin (Histosec, Merck, Darmstadt,
Germany).

The experiments were conducted according to the ethical principles
recommended by the National Council for Animal Experimentation Control and the
procedures involved were approved by the Ethics Committee on the Use of Animals at
IBILCE/UNESP (protocol number 73/2017).

Morphological analyses

Histological sections were stained with Picrosirius red for the general
morphological evaluation and stereological and morphometric analyses. The
stereological analyses were performed to obtain the relative frequency (%) of tissue
compartments (epithelium, muscular stroma, non-muscular stroma, lumen, collagen
fibers, and blood vessels). For that, 48 ventral prostate fields/group (6 fields/animal,
n=8/group) were randomly digitized at 200x magnification in a slide scanner system
(Olympus VS120-S5), and analysis were made using Image Pro-Plus 6.0 software
(Media Cybernetics, Inc., MD, USA). The relative frequency was estimated using the
M130 multipoint test system [55] applied to the prostate according to the procedure
described in Huttunen et al. 1981.

Morphometry was also performed to determine the mean height (um) of
epithelial cells, and thickness (um) of smooth muscle cells (SMC) layer. For each
analysis, 240 measurements/experimental group were obtained (30
measurements/animal, n=8/group). Histological sections were randomly digitized at
1000x magnification in the slide scanner system (Olympus VS120-S5), and analysis

were made using Image Pro-Plus 6.0 software (Media Cybernetics, Inc., MD, USA).

Immunohistochemistry analyses

The primary antibodies used for immunohistochemistry (IHC) were: enzyme 5
a-reductase 2 (5aR2) (rabbit polyclonal, sc-20659, Santa Cruz Biotechnology CA,
EUA, dilution 1:75), androgen receptor (AR) (rabbit polyclonal 1gG, N-20, sc-816,
Santa Cruz Biotechnology CA, EUA, dilution 1:75), estrogen receptor alpha (ER-a)
(rabbit polyclonal, 1gG, MC-20, sc-542, Santa Cruz Biotechnology, CA, USA, dilution
1:50) and estrogen receptor beta (ER-B) (mouse polyclonal, 1gG2a, B-1, sc-390243,
Santa Cruz Biotechnology, CA, USA, dilution 1:50). For immunoreactions, sections

were deparaffinized, rehydrated and antigen retrieval was performed in 10 mM citrate
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buffer pH 6.0, at 92°C for 45 minutes (AR), at 100°C for 15 minutes (ER-B) and a
microwave sequence (2 x 7 min at low power and 1 x 7 min at medium low power)
(ER-a). The blockage of endogenous peroxidases was performed in 3% hydrogen
peroxide for 30 minutes, and followed by nonspecific proteins blockage with 5%
skimmed milk/tris buffered saline + tween 20 (TBSt). The sections were incubated
overnight at 4°C with primary antibodies diluted in bovine serum albumin (BSA) diluted
to 1% in TBSt (BSA 1%). Some sections did not incubate with primary antibodies, only
with BSA 1%, to provide the negative control of reaction. After washing in TBSt, the
sections were incubated with a Polymer kit (Novocastra Novolink RE7230-CE, Leica
Biosystems, Buffalo Grove, USA) for 40 minutes at room temperature. Positive staining
was detected using 3-30'-diaminobenzidine tetrahydrochloride (DAB, Sigma) solution
and sections were counterstained with Mayer hematoxylin.

Histological sections were digitalized on slide scanner system (Olympus VS120-
S5) in 400x magnification. Eighty-four microscopic fields per group (n=7/12
measurements/animal) were analyzed to determine the relative frequency of AR, ER-
a, and ER-B positive cells in the ventral prostate and in the epithelial and stromal
compartments separately. These frequencies were calculated dividing the number of
positive nuclei by the total number of nuclei counted and expressing the result as a
percentage. The relative frequency of 5aR2 were evaluated by a multipoint system
with 160 intersections (modified from Weibel, 1963) [55,57], in seventy microscopic

fields per group (n=7/10 measurements/animal).

Western blot

For protein extraction, after storage at -80°C, the ventral prostates (n=5/group),
were homogenized in a lysis buffer according to the protocol described by Li et al.,
2009 [58]. The homogenate was centrifuged at 14,000 rpm for 20 min at 4°C and the
supernatant, stored at -80°C. The protein quantification of the extracts was performed
with the Pierce BCA Protein Assay Kit (23227-Thermo Scientific, Rockford, IL, USA)
and for read the absorbance was used a microplate reader (SPECTROstar Omega,
BMG Labtech, Ortenberg, Germany). After, the extracts were stored at =80 °C until
analysis.

To perform Western blots, 15 ug of total proteins were pipetted into each well of
the 12% polyacrylamide incorporated in detergent sodium dodecyl sulfate (SDS —

page) gel and subjected to electrophoresis (105V for approximately 2 hours). The
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bands were transferred (360mA during 60 minutes) to nitrocellulose membrane
(Amersham Protram, 10,600.003, GE Healthcare, Darmstadt, Germany).
Subsequently, the membranes were washed in TBSt and nonspecific binding was
blocked in 5% milk for 60 minutes. Then, they were incubated overnight at 4°C under
agitation with the following primary antibodies, diluted in 1% milk: AR (rabbit polyclonal
IgG, N-20, sc-816, Santa Cruz Biotechnology CA, USA, 1:300), ER-a (polyclonal IgG
rabbit, PA5-34577, Invitrogen, Thermo Fisher Scientific, USA, 1:1000), ER-B
(polyclonal 1gG rabbit, PA1-310B, Invitrogen, Thermo Fisher Scientific, USA, 1: 1:
1000) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (monoclonal rabbit,
IgG, #2118, Cell Signalling, Danvers, MA, USA, 1:1000). Then, the membranes were
washed in TBSt and incubated, for 60 minutes at room temperature, under agitation
with the secondary peroxidase conjugated anti-rabbit antibody (goat, 1gG, #7074, Cell
Signalling, Danvers, MA, USA) (1:2000). After this period, the membranes were
washed in buffer and revealed with enhanced chemiluminescent (ECL) substrate to
visualize the bands in the imaging system (ChemiDoc MP, BioRad, Hercules, CA,
USA). Then, the band densities were analyzed in densitometry software (Image J,
version 1.52a, Wayne Rasband, NIH, USA), and normalized by positive control
GAPDH.

Detection of DNA Fragmentation in Situ (TUNEL)

Apoptotic cells in the epithelium and stroma were detected using the DNA
fragmentation assay, based on the TUNEL reaction, (ApopTag Plus in situ, Apoptosis
Detection Kit, Millipore, S7101, CA, USA). Histological sections were deparaffinized,
washed in phosphate buffered saline (PBS) for 5 minutes, and incubated with
proteinase K for 7.5 minutes. After, they were washed 2 X 2 minutes in distilled water
and subjected to inactivation of endogenous peroxidase (3% H202 in PBS, for 10
minutes). Subsequently, they were washed 2 X 5 minutes in PBS, kept in the
Equilibration buffer for 20 seconds, and sequentially incubated with the enzyme
terminal deoxynucleotidyl transferase (TdT) for 60 minutes at 37°C. Finally, the
sections were washed in a stop/wash buffer for 10 minutes, incubated with anti-
digoxigenin peroxidase for 30 minutes, revealed by diaminobenzidine (DAB), and
counterstained with methyl green.

Seventy microscopic fields per group (n=7/10 measurements/animal) were

analyzed to determine the relative frequency of apoptotic cells in the epithelium and
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stroma of the ventral prostate. Histological sections were digitalized on slide scanner
system (Olympus VS120-S5) in 400x magnification. The frequencies were calculated
dividing the number of positive nuclei by the total number of nuclei counted and

expressing the results as percentages.

Analysis of serum hormone levels

Serum level of 17-B estradiol were quantified by capture/sandwich ELISA using
commercial kit, according to the manufacturer's instructions (IBL International,
Hamburg, Germany - numbers 52041, sensitivity of 10.60 pg/ml). Readings were
performed using a microplate reader (TECAN- Infinite F50).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 6.00 software
spreadsheets and graphs. To prove the significance of the results between groups C,
BCP, T, and TBCP, two-way ANOVA tests were performed, followed by Tukey for
multiple proofs. The results were considered statistically significant at p < 0.05 and are

presented as mean +* standard deviation.

Results
Stereological and morphometric analyses showed a decrease in the frequency
of tissue compartments in TBCP animals and in cell height/thickness.

We analyzed the morphology of the prostate in all experimental groups and
detected differences in the distribution of the epithelial and muscular stroma
compartments, especially in the T group (Figure 1E, F). The evaluation of stereological
parameters showed an increase in the relative frequency of the epithelium and
muscular stroma in the T group. The TBCP group showed a reduction in the relative
frequency of the epithelium, muscular and non-muscular stroma when compared to
the T group. Regarding the lumen, we verified a decrease in the frequency of this
compartment in the T group. Furthermore, there were no significant differences in the
frequency of collagen and blood vessels (Table 1). Morphometric analysis showed that
T treatment caused an increase in epithelial height and thickness and BCP
administration was able to ameliorate this effect of T on ventral prostate (Table 1).
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BCP and T administration modify the immunohistochemistry parameters of
5aR2, AR, ER-a, and ER-$

We utilized immunohistochemistry to detect the expression of the enzyme 5aR2
in the ventral prostate of all groups (Figure 2 A-E). This enzyme increased in all groups
in comparison to C, especially in T group. The TBCP group showed lower values than
the T group, although it was not significant (Figure 2 L).

The immunoreactivity of AR in the nucleus exhibited positive epithelial and
stromal cells in all experimental conditions (Figure 2 F-K). The AR-positive cells
increased in the T group in comparison to all other groups, and there was a decrease
in BCP in comparison to the C group (Figure 2 M). We evaluated the prostate
compartments separately and observed the same result in the epithelium. There were
no differences between the groups regarding stromal expression of AR (Figure 2 N).

Subsequently, the analysis of ER-a showed positive cells in the epithelial and
stromal compartments in all experimental groups (Figure 3 A-E). The relative
frequency of these positive cells in the ventral prostate increased in all groups in
comparison to control; nonetheless, the percentage of positive cells was higher in the
TBCP group when compared to the BCP group (Figure 3 K). We also verified the
frequency of ER-a-positive cells in the epithelium and stroma. These cells increased
in all groups when compared to C in both prostatic compartments (Figure 3 L), with the
exception, of the stroma, of the T group when compared to the BCP and TBCP groups
(Figure 3 L).

We also investigated the distribution of ER-B-positive cells in the tissue
compartments of the ventral prostate (Figure 3 F-J). ER-B-positive cells decreased in
the T group in comparison to all other groups, and increased after the BCP
administration in hyperplasic prostate when compared to T group (Figure 3 M). In the
epithelium, we noted the same result (Figure 3 N); however, in the stroma, only T
animals presented an increase of positive cells when compared to those in the BCP
group (Figure 3 N).

The whole tissue expression of the ER-B receptor increased in the TBCP group

We analyzed the expression of androgen and estrogen receptors by western
blot in all experimental groups (Figure 4). For AR, although there were no statistical
differences, there was a tendency towards a similar pattern to that observed in the

immunohistochemistry quantification of the prostate and in the epithelial compartment
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(Figure 4 A). We observed no significant differences in the expression of ER-a among
the groups (Figure 4 B). The BCP administration in animals with BPH increase the ER-

B expression when compared to the T group (Figure 4 C).

BCP increased apoptosis in the epithelial and stromal compartments of the
ventral prostate.

We also evaluated the frequency of apoptotic cells in the tissue compartments
of the ventral prostate (Figure 5). There was an increase in the BCP and TBCP groups
in comparison to the C group; the frequency in the TBCP group was higher than that
in the T group as well. In the stroma, the T group apoptotic rate was lower than that in
the C and BCP groups (Figure 5 F).

The serum levels of 17 B-estradiol decreased in the BCP and TBCP groups.

The quantification of serum 17 [B-estradiol in the gerbils from the different
experimental groups is shown in Figure 6. This analysis showed a drastic reduction in
the groups that received the phytocannabinoid, which were hardly detected by the
sensitivity of the kit (10.60 pg/ml). Moreover, only one animal of the TBCP group
presented sensitivity for the quantification, which justifies the absence of the
quantification in this analysis.

Discussion

Due to the lack of BCP studies in prostatic research, and based on previous
findings describing this compound’s therapeutic effects on proliferation and
inflammation [51], we proposed an analysis of the impact of BCP on the morphology,
apoptosis, and expression of sexual hormone receptors in the normal and hyperplasic
prostate. The present study demonstrated, for the first time, that this cannabinoid
influences the functioning of the prostate and alters some parameters analyzed.

The analysis of morphometric and stereological parameters allowed us to verify
an increase in the frequency and height/thickness of the epithelium and stroma in the
T group, with a consequent reduction of the lumen. These findings may have been
caused by the administration of testosterone, complementing the observations
previously described [51], confirming that the supplementation of this hormone was
sufficient to cause BPH. This hyperplasic condition causes an overgrowth of epithelial

and stromal tissues [33,58,59].
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In contrast, in the TBCP group, the morphometric and stereological analysis
showed a reduction in the epithelium and stroma and an increase of lumen in
comparison to the T group. These data indicate that BCP has beneficial effects on the
balance of tissue compartments in BPH conditions. In addition, we are unaware of the
existence of any studies of BCP in relation to these morphological parameters in the
hyperplasic prostate. Due to the positive effects of the cannabinoid [36,37,44], we
therefore suggest that it has the potential to be used in the treatment of BPH.

BPH results in an abnormal prostate growth [60] that can be related to changes
in the balance of hormonal receptor expression (AR and ER) [1,7,61]. AR activation
triggers proliferation [6,7,64] and here, the BCP administration altered the number of
AR-positive cells, decreasing the expression of this androgenic receptor. Our results
suggest that BCP can be beneficial for the gland, ameliorating the effects of BPH.
Cannabinoids, such as BCP, have already had their anti-proliferative effects
demonstrated [44,47,50]. Indeed, our previous study showed that BCP reduces the
number of proliferative cells in BPH [51]. This anti-proliferative action explains the
protective functions of some cannabinoids in androgen-dependent prostate cancer
cells [65-67].

The prostate is a highly androgen-dependent organ [62]. Testosterone is
necessary for normal development and is an essential component of the
pathophysiology of BPH [6]. Although some studies have found similar levels of AR in
the normal and BPH prostate [10], many studies have shown an increase of this
receptor in hyperplastic tissue [60,68—70]. Our findings corroborate these studies: AR
percentage increased in the ventral prostate and in the epithelium compartment of the
T group. Although not to any significant extent, we found a similar pattern of AR
expression in immunohistochemistry and Western blot analyses.

50R2 is mandatory in the conversion of androgenic hormones into
dihydrotestosterone (DHT) and, consequently, in binding to its respective receptor
(AR). It is thus the most common type of enzyme found in the prostate [6,62,63], since
DHT is directly related to prostatic functionality. Thus, the 5aR2 increase observed,
especially in the T group, was probably caused by the T supplementation, assuming
that, in these animals, more testosterone had been converted into DHT.

Moreover, estrogens are also important in the triggering and establishment of
prostate disorders such as BPH [71]. We therefore investigated the expression and

distribution of ERs a and (8 in the ventral prostate. The percentage of ER-a increased
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in all treated groups, being similar to the C group only in the stroma of the T group.
ER-a is involved in cell proliferation and BPH establishment [72—74], which explains
the results obtained by IHC. This receptor is predominantly detected in the stroma [71],
and studies have described a reduction in ER-a in the stromal compartment in the BPH
condition [9,60]. Although immunohistochemical analysis of ER-a expression showed
higher values in the BCP groups, according to the findings of the other parameters
evaluated here, this compound presents positive effects in both normal and
hyperplasic conditions.

ER-B has demonstrated anti-proliferative functions [71,75], which may be
related to the development of BPH, decreasing the expression in the T group. We
found an increase of ER- B by IHC and western blot in the TBCP group showing a
possible activity of the phytocannabinoid against the proliferative effects of BPH. This
indicates that treatment with BCP had a protective effect and can mitigate the effects
of the T supplementation in the prostate.

Estrogens may have a direct influence on cannabinoid receptors like CB1 and
CB2 [65]. In ovariectomized female and intact male rats, the administration of a non-
selective CB agonist decreases serum levels of luteinizing hormone (LH) and
gonadotropin-releasing hormone (GnRH), resulting in a decrease of circulating
estrogen levels [65,76]. BCP is a cannabinoid receptor agonist [36—38,77]; however
there are no studies of its effect on the levels of sex hormones and on the prostate.
Considering this information, we believe that the drastic reduction of 17 B-estradiol
levels in Mongolian gerbils of BCP groups is related to the administration of BCP.

Furthermore, although BCP performed an anti-apoptotic function in some
previously described situations [37,38,83], this cannabinoid is highly associated with
the induction of apoptosis [43—-45,77,84] and suppression of proliferation, as an anti-
cancer and anti-inflammatory property [36]. Our findings demonstrated there was an
increase in cells in apoptosis after the administration of BCP under normal and BPH
conditions. We suggest that BCP may be associated with these results since, in the
prostate cancer cell, B-caryophyllene oxide increased apoptotic rates [36,50,85].

In conclusion, the parameters verified here complement our understanding of
the beneficial effects of BCP in the normal and BPH prostate. This gland expresses
components of the endocannabinoid pathway, and synthetic cannabinoids and
phytocannabinoids described in the literature may be applied to achieve a protective

effect against proliferative disorders. Thus, the results presented here contribute to an
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understanding of the action of BCP in the prostate, which contributes to mitigating the
proliferative disorders in the prostate. Further studies are needed to test and clarify

how the administration of BCP may be beneficial in BPH disorders.
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Table 1. Stereological and Morphometric parameters of Mongolian gerbils in the control (C), B-

Caryophyllene (BCP), Testosterone (T), and Testosterone and 3-Caryophyllene (TBCP) groups.

Experimental groups

Parameters C

BCP

TBCP

Stereological data (%) n=8

Epithelium 16.22 + 5.005?

Muscular stroma 10.34 + 3.3582

Non muscle stroma 14.98 + 9.1662P

Lumen 57.16 + 14.032
Blood vessels 0.886 + 1.087
0.461 + 0.290

Collagen
Morphometric data (um) n=8
Epithelium height 13.11 + 4.4262

SMC thickness 7.105 + 2.5472

15.02 + 3.7442
11.49 + 4.0342
15.67 + 9.8452P

56.36 + 13.002
0.906 +1.041

0.534 £ 0.292

13.38 + 4.3222
8.410 + 2.544P

22.24 + 9.589°
15.21 + 4.716P
19.58 + 9.010°

41.31 +12.91P
0.837 + 1.134

0.432+£0.180

22.72 + 8.039°
12.46 + 4.779°

13.88 +5.0162
10.69 + 3.1392
13.43+10.172

60.61 + 11.822
0.423 +0.576

0.495 + 0.252

15.60 + 4.241¢
9.347 + 3.2074

Values expressed as mean * standard deviation.

ab.c.d represent statistically significant differences (p < 0.05) among the experimental groups.

Two-way ANOVA was followed by Tukey post-tests.
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Figures:

Figure 1. Morphologic aspects of the gerbil ventral prostate stained by picrosirius red.
Groups: C (A, B); BCP (C, D); T (E, F) and TBCP (G, H). The prostate from C and BCP groups
show a normal morphologic pattern (A-D). Testosterone administration promotes alterations
in the distribution of the prostatic compartments (E, F). TBCP group also exhibited histological
alterations but are less intense after the BCP treatment (G, H). Lu (lumen), St (stroma), SMC

(smooth muscle cells), Ep (epithelium), and arrows (collagen).
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Figure 2. 5aR2 and androgen receptor (AR) immunostainings in the different experimental groups. C
(A,B,F,G),BCP (C,H,1I), T(D,J), and TBCP (E, K). The negative controls were indicated in B and I.
5a0R2 immunostainings are indicated in the nuclei and cytoplasm by arrowheads and AR-positive cells
are appointed in the nuclei of epithelium (long arrows) and stroma (short arrows). Data represent
averages of the relative frequency (%) of 5aR2 (L) and AR (M, N) positive cells in the prostate and the
bars indicate the standard deviation. *, ** *** and *** indicate statistically significant differences
(p<0.05; p<0.01; p<0.001 and p<0.0001, respectively), according to the two-way ANOVA test followed
by the Tukey test.
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immunostainings in the nuclei of positive cells. Data represent averages of the relative frequency (%) of
ER-a (K, L) and ER-B (M, N) positive cells and the bars indicate the standard deviation. *, **, *** gnd ****
indicate statistically significant differences (p<0.05; p<0.01; p<0.001 and p<0.0001, respectively),
according to the two-way ANOVA test followed by the Tukey test.
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the standard deviation. * indicate statistically significant difference (p<0.05), according to the two-way ANOVA
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Figure 5. Apoptotic cells in the histological sections of ventral prostate subjected to
TUNEL reaction. C (A), BCP (B), T (C) and TBCP (D). Data represents averages of
the relative frequency of cells in apoptosis (E) and the bars indicate the standard
deviation. * and ** indicate statistically significant differences (p<0.05 and
p<0.01respectively), according to the two-way ANOVA test followed by the Tukey test.
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Figure 6. Serum hormonal profile: levels of 17 B-estradiol in Mongolian gerbils from the
experimental groups. Data represent averages of the hormonal serum levels and the bars indicate
the standard deviation, according to the two-way ANOVA test followed by the Tukey test.
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6. CONSIDERACOES FINAIS
e A suplementacédo pela testosterona foi suficiente para estimular o aparecimento

de desordens proliferativas e propiciar o microambiente caracteristico da HBP;

e A comparacdo entre os grupos com HPB mostrou que essa condicéo
hiperplasica foi mantida mesmo apés 30 dias do término das aplicacbes
hormonais, periodo em que muitos compostos com potencial para o tratamento

dessa patologia sao testados;

e O BCP apresentou resultados positivos na proliferacdo e na inflamacéo
prostatica dos gerbilos com a HPB. A administracdo desse fitocanabinoide
aumentou a taxa de células em apoptose e alterou a frequéncia dos receptores
hormonais na préstata ventral nas condigcbes normal e hiperplasica. Essas
informacgdes sugerem que o BCP apresentou efeitos protetivos e pode ser

promissor no tratamento da HPB.



124

REFERENCIAS

AARON, La Tayia; FRANCO, Omar E.; HAYWARD, Simon W. Review of Prostate
Anatomy and Embryology and the Etiology of Benign Prostatic Hyperplasia. Urologic
Clinics of North America, [S. L], v. 43, n. 3, p. 279-288, 2016. DOI.
10.1016/j.ucl.2016.04.012. Disponivel em: http://dx.doi.org/10.1016/j.ucl.2016.04.012.

ABDEL-AZIZ, Asmaa Mohamed; GAMAL EL-TAHAWY, Nashwa Fathy; SALAH
ABDEL HALEEM, Medhat Atta, MOHAMMED, Mostafa Mouard; ALI, Ahmed Issam;
IBRAHIM, Yasmine F. Amelioration of testosterone-induced benign prostatic
hyperplasia using febuxostat in rats: The role of VEGF/TGFB and iNOS/COX-2.
European Journal of Pharmacology, [S. I.], v. 889, n. October, p. 173631, 2020.
DOI: 10.1016/j.ejphar.2020.173631. Disponivel em:
https://doi.org/10.1016/j.ejphar.2020.173631.

AMES-SIBIN, Ana P. et al. B-Caryophyllene, the major constituent of copaiba oil,
reduces systemic inflammation and oxidative stress in arthritic rats. Journal of
Cellular Biochemistry, [S. I], v. 119, n. 12, p. 10262-10277, 2018. DOI:
10.1002/jcb.27369.

ANDRIOLE, Gerald; BRUCHOVSKY, Nicholas; CHUNG, Leland W. K;
MATSUMOTO, Alvin M.; RITTMASTER, Roger; ROEHRBORN, Claus; RUSSELL,
David; TINDALL, Donald. Dihydrotestosterone and the prostate: The scientific
rationale for 5a-reductase inhibitors in the treatment of benign prostatic hyperplasia.
Journal of Urology, [S. I], v. 172, n. 4 |, p. 1399-1403, 2004. DOI:
10.1097/01.ju.0000139539.94828.29.

ANTONIASSI, Julia Quilles; FOCHI, Ricardo Alexandre; GOES, Rejane Maira;
VILAMAIOR, Patricia Simone Leite; TABOGA, Sebastido Roberto. Corticosterone
influences gerbil (Meriones unguiculatus) prostatic morphophysiology and alters its
proliferation and apoptosis rates. International Journal of Experimental Pathology,
[S. 1], v. 98, n. 3, p. 134-146, 2017. DOI: 10.1111/iep.12232.

BARRON, David A.; ROWLEY, David R. The reactive stroma microenvironment and
prostate cancer progression. Endocrine-Related Cancer, [S. I.], v. 19, n. 6, p. 187—
204, 2012. DOI: 10.1530/ERC-12-0085.



125

BASHA, Salsabeel Z.; MOHAMED, Gamal A.; ABDEL-NAIM, Ashraf B.; HASAN, Atif;
ABDEL-LATEFF, Ahmed. Cucurbitacin E glucoside from Citrullus colocynthis inhibits
testosterone-induced benign prostatic hyperplasia in mice. Drug and Chemical
Toxicology, [S. I.], v. 0, n. 0, p. 1-11, 2019. DOI: 10.1080/01480545.2019.1635149.
Disponivel em: https://doi.org/10.1080/01480545.2019.1635149.

BATCHELDER, Margaret; KELLER, Lynn S.; SAUER, Mary Ball; WEST, Wanda L.
Gerbils. The Laboratory Rabbit, Guinea Pig, Hamster, and Other Rodents, [S. |.],
n. January, p. 1131-1155, 2012. DOI: 10.1016/B978-0-12-380920-9.00052-3.

BELLO, Diana; WEBBER, Mukta M.; KLEINMAN, Hynda K.; WARTINGER, David D.;
RHIM, Johng S. Androgen responsive adult human prostatic epithelial cell lines
immortalized by human papillomavirus 18. Carcinogenesis, [S. ], v. 18, n. 6, p. 1215
1223, 1997. DOI: 10.1093/carcin/18.6.1215.

BELOSEVIC, M.; FAUBERT, G. M.; MACLEAN, J. D.; LAW, C.; CROLL, N. A. Giardia
lamblia Infections in Mongolian Gerbils: An Animal Model. The Journal of Infectious
Diseases, [S. |.], v. 147, n. 2, p. 222-226, 1983. DOI: 10.1093/infdis/147.2.222.
Disponivel em: https://doi.org/10.1093/infdis/147.2.222.

Bl, Youwei; PERRY, Paul J.; ELLERBY, Michael;, MURRY, Daryl J. Population
Pharmacokinetic/Pharmacodynamic Modeling of Depot Testosterone Cypionate in
Healthy Male Subjects. CPT: Pharmacometrics and Systems Pharmacology, [S. 1],
v.7,n. 4, p. 259-268, 2018. DOI: 10.1002/psp4.12287.

BIANCARDI, ManoelF; PEREZ, AnaP. S.; CAIRES, Cassia ReginaSuzuki;
FALLEIROS, LuizRoberto; GOES, RejaneM; VILAMAIOR, PatriciaS. L.; DE FREITAS,
DidgenesRosa; SANTOS, FernandaC. A.; TABOGA, SebastidoR. Prenatal and
pubertal testosterone exposure imprint permanent modifications in the prostate that
predispose to the development of lesions in old Mongolian Gerbils. Asian Journal of
Andrology, [S. I.], v. 0, n. 0, p. 0, 2015. DOI: 10.4103/1008-682X.170436. Disponivel
em: http://www.ajandrology.com/preprintarticle.asp?id=170436.

BOSLAND, Maarten C. Testosterone treatment is a potent tumor promoter for the rat
prostate. Endocrinology, [S. 1], v. 155, n. 12, p. 4629-4633, 2014. DOI:
10.1210/en.2014-1688.



126

CAMPOS, Silvana Gisele Pegorin; ZANETONI, Cristiani; SCARANO, Wellerson
Rodrigo; VILAMAIOR, Patr??cia Simone Leite; TABOGA, Sebasti??0 Roberto. Age-
related histopathological lesions in the Mongolian gerbil ventral prostate as a good
model for studies of spontaneous hormone-related disorders. International Journal
of Experimental Pathology, [S. I.], v. 89, n. 1, p. 13-24, 2008. DOI: 10.1111/j.1365-
2613.2007.00550.x.

CHANG, Hyun Joo; KIM, Ji Myung; LEE, Jae Chul; KIM, Won Ki; CHUN, Hyang Sook.
Protective effect of B-caryophyllene, a natural bicyclic sesquiterpene, against cerebral
ischemic injury. Journal of Medicinal Food, [S. |], v. 16, n. 6, p. 471-480, 2013. DOI:
10.1089/jmf.2012.2283.

CHAPLIN, Charles Spencer. Que todos os nossos esforcos estejam sempre focados
no desafio a impossibilidade. Todas as grandes conquistas humanas vieram daquilo

que parecia impossivel. Disponivel em: https://www.pensador.com/frase/NTg1lMzUy/.

CHATTERJEE, Bandana. The role of the androgen receptor in the development of
prostatic hyperplasia and prostate cancer. Molecular and Cellular Biochemistry, [S.
l.], v. 253, n. 1-2, p. 89-101, 2003. DOI: 10.1023/A:1026057402945.

CHEN, Ping; XIAO, He; HUANG, Wei; XU, De Qiang; GUO, Yu Ming; WANG, Xiao;
WANG, Xing Huan; DISANTO, Michael E.; ZHANG, Xin Hua. Testosterone regulates
myosin Il isoforms expression and functional activity in the rat prostate. Prostate, [S.
l.], v. 78, n. 16, p. 1283-1298, 2018. DOI: 10.1002/pros.23702.

CHUGHTAI, Bilal; LEE, Richard; TE, Alexis; KAPLAN, Steven. Role of inflammation in
benign prostatic hyperplasia. Reviews in urology, [S. |], v. 13, n. 3, p. 147-50, 2011.
DOI: 10.3909/riu0535. Disponivel em:
http://www.ncbi.nlm.nih.gov/pubmed/22110398%0Ahttp://www.pubmedcentral.nih.go
v/articlerender.fcgi?artid=PMC3221555.

COLLETA, Simone Jacovaci; ANTONIASSI, Julia Quilles; ZANATELLI, Marianna,
DOS SANTOS, Fernanda Cristina Alcantara; GOES, Rejane Maira; VILAMAIOR,
Patricia Simone Leite; TABOGA, Sebastido Roberto. Acute exposure to Bisphenol A
and Cadmium causes changes in the morphology of gerbil ventral prostates and
promotes alterations in androgen-dependent proliferation and cell death.
Environmental toxicology, [S. I.], p. 48-61, 2015. DOI: 10.1002/tox.



127

COOKE, Paul S.; NANJAPPA, Manjunatha K.; KO, Chemyong; PRINS, Gail S.; HESS,
Rex A. Estrogens in male physiology. Physiological Reviews, [S. I.], v. 97, n. 3, p.
995-1043, 2017. DOI: 10.1152/physrev.00018.2016.

CORDEIRO, Renato S.; SCARANO, Wellerson R.; CAMPOS, Silvana G. P.; SANTOS,
Fernanda C. A.; VILAMAIOR, Patricia S. L.; GOES, Rejane M.; TABOGA, Sebastigo
R. Androgen receptor in the Mongolian gerbil ventral prostate: Evaluation during
different phases of postnatal development and following androgen blockage. Micron,
[S. 1], v. 39, n. 8, p. 1312-1324, 2008. DOI: 10.1016/j.micron.2008.02.008.

CORRADI, Lara S.; JESUS, Mariana M.; FOCHI, Ricardo A.; VILAMAIOR, Patricia S.
L.; JUSTULIN-, Luis A.; G??ES, Rejane M.; FELISBINO, S??rgio L.; TABOGA,
Sebasti??0 R. Structural and ultrastructural evidence for telocytes in prostate stroma.
Journal of Cellular and Molecular Medicine, [S. L], v. 17, n. 3, p. 398-406, 2013.
DOI: 10.1111/jcmm.12021.

CROWLEY, Laura et al. A single-cell atlas of the mouse and human prostate reveals
heterogeneity and conservation of epithelial progenitors. eLife, [S. |.], v. 9, p. 1-24,
2020. DOI: 10.7554/ELIFE.59465.

CUNHA, G. R.; CHUNG, L. W. K. Stromal-epithelial interactions-I. Induction of
prostatic phenotype in urothelium of testicular feminized (Tfm/y) mice. Journal of
Steroid Biochemistry, [S. I.], v. 14, n. 12, p. 1317-1324, 1981. DOI: 10.1016/0022-
4731(81)90338-1.

CZYZ, Jarostaw; SZPAK, Katarzyna; MADEJA, Zbigniew. The role of connexins in
prostate cancer promotion and progression. Nature Reviews Urology, [S. |.], v. 9, n.
5, p. 274-282, 2012. DOI: 10.1038/nrurol.2012.14.

DE CARVALHO, H. F.; TABOGA, S. R.; VILAMAIOR, P. S. L. Collagen type Vl is a
component of the extracellular matrix microfibril network of the prostatic stroma.
Tissue and Cell, [S. I], v. 29, n. 2, p. 163-170, 1997. DOI: 10.1016/S0040-
8166(97)80016-X.

DE CARVALHO, Hernandes Faustino; LINE, Sérgio R. P. Basement membrane
associated changes in the rat ventral prostate following castration. Cell Biology
International, [S. ], v. 20, n. 12, p. 809-819, 1996. DOI: 10.1006/cbir.1996.0104.



128

DE CARVALHO, Hernandes Faustino; VILAMAIOR, Patricia S. L.; TABOGA,
Sebastido R. Elastic system of the rat ventral prostate and its modifications following
orchiectomy. Prostate, [S. I.], v. 32, n. 1, p. 27-34, 1997. DOI: 10.1002/(SICI1)1097-
0045(19970615)32:1<27::AID-PR0OS4>3.0.CO;2-9.

DE JESUS, Mariana Marcielo; NEGRIN, Ana Carolina; TABOGA, Sebastido Roberto;
PINTO-FOCHI, Maria Etelvina; GOES, Rejane Maira. Histopathological alterations in
the prostates of Mongolian gerbils exposed to a high-fat diet and di-n-butyl phthalate
individually or in combination. Reproductive Toxicology, [S. |.], v. 52, p. 26—-39, 2015.
DOI: 10.1016/j.reprotox.2015.02.005.

DE MARZO, Angelo M.; PLATZ, Elizabeth A.; SUTCLIFFE, Siobhan; XU, Jianfeng;
GRONBERG, Henrik; DRAKE, Charles G.; NAKAI, Yasutomo; ISAACS, William B.;
NELSON, Wiliam G. Inflammation in prostate carcinogenesis. Nature Reviews
Cancer, [S. 1], v. 7, n. 4, p. 256—-269, 2007. DOI: 10.1038/nrc2090.

DE NUNZzZIO, Cosimo; PRESICCE, Fabrizio, TUBARO, Andrea. Inflammatory
mediators in the development and progression of benign prostatic hyperplasia. Nature
Reviews Urology, [S. ], v. 13, n. 10, p. 613-626, 2016. DOI:
10.1038/nrurol.2016.168. Disponivel em: http://dx.doi.org/10.1038/nrurol.2016.168.

DENG, Ke; LIU, Wei; WANG, Dehua. Inter-group associations in Mongolian gerbils:
Quantitative evidence from social network analysis. Integrative Zoology, [S. |.], v. 12,
n. 6, p. 446-456, 2017. DOI: 10.1111/1749-4877.12272.

DIAZ-LAVIADA, Inés. The endocannabinoid system in prostate cancer. Nature
Reviews Urology, [S. ], v. 8, n. 10, p. 553-561, 2011. DOI: 10.1038/nrurol.2011.130.

DOBOVISEK, Luka; HOJNIK, Marko; FERK, Polonca. Overlapping molecular
pathways between cannabinoid receptors type 1 and 2 and estrogens/androgens on
the periphery and their involvement in the pathogenesis of common diseases (Review).
International Journal of Molecular Medicine, [S. |.], v. 38, n. 6, p. 1642-1651, 2016.
DOI: 10.3892/ijmm.2016.2779.



129

DONJACOUR, A. A. Assessment of prostatic protein secretion in tissue recombinants
made of urogenital sinus mesenchyme and urothelium from normal or androgen-
insensitive mice. Endocrinology, [S. I.], v. 132, n. 6, p. 2342-2350, 1993. DOI:
10.1210/en.132.6.2342.

EDWARDS, Jonathan L. Diagnosis and Management of Benign Prostatic Hyperplasia.
American Family Physician, [S. L], v. 77, p. 1403-1410, 2008. Disponivel em:
papers3://publication/uuid/0949A274-6AFC-49C6-A47E-553AB207480F.

ELKAHWAUJI, J. E. The role of inflammatory mediators in the development of prostatic
hyperplasia and prostate cancer. Res Rep Urol, [S. ], v. 5, p. 1-10, 2013. DOI:
10.2147/RRU.S23386.

ELLEM, Stuart J.; RISBRIDGER, Gail P. The dual, opposing roles of estrogen in the
prostate. Annals of the New York Academy of Sciences, [S. I.], v. 1155, p. 174-186,
2009. DOI: 10.1111/j.1749-6632.2009.04360.x.

FACINA, Camila H.; CAMPOS, Silvana G. P.; GONCALVES, Bianca F.; GOES,
Rejane M.; VILAMAIOR, Patricia S. L.; TABOGA, Sebastido R. Long-term oral
exposure to safe dose of bisphenol A in association with high-fat diet stimulate the
prostatic lesions in a rodent model for prostate cancer. Prostate, [S. |], v. 78, n. 2, p.
152-163, 2018. DOI: 10.1002/pros.23458.

FALLEIROS-JUNIOR, Luiz R.; PEREZ, Ana P. S.; TABOGA, Sebastido R.; DOS
SANTOS, Fernanda C. A.; VILAMAIOR, Patricia S. L. Neonatal exposure to
ethinylestradiol increases ventral prostate growth and promotes epithelial hyperplasia
and inflammation in adult male gerbils. International Journal of Experimental
Pathology, [S. I.], v. 97, n. 5, p. 380-388, 2016. DOI: 10.1111/iep.12208.

FELISBINO, Sérgio Luis; SANCHES, Bruno Domingos Azevedo; DELELLA, Flavia
Karina; SCARANO, Wellerson Rodrigo; DOS SANTOS, Fernanda Cristina Alcantara;
VILAMAIOR, Patricia Simone Leite; TABOGA, Sebasti&o Roberto; JUSTULIN, Luis
Antonio. “Prostate telocytes change their phenotype in response to castration or
testosterone replacement”. Scientific Reports, [S. |.], v. 9, n. 1, p. 1-12, 2019. DOI:
10.1038/s41598-019-40465-1.



130

FICARRA, Vincenzo; ROSSANESE, Marta; ZAZZARA, Michele; GIANNARINI,
Gianluca; ABBINANTE, Maria; BARTOLETTI, Riccardo; MIRONE, Vincenzo;
SCAGLIONE, Francesco. The role of inflammation in lower urinary tract symptoms
(LUTS) due to benign prostatic hyperplasia (BPH) and its potential impact on medical
therapy. Current urology reports, [S. L], v. 15, n. 12, p. 463, 2014. DOI:
10.1007/s11934-014-0463-9.

FIDYT, Klaudyna; FIEDOROWICZ, Anna; STRZADALA, Leon; SZUMNY, Antoni. B-
Caryophyllene and B-Caryophyllene Oxide—Natural Compounds of Anticancer and
Analgesic Properties. Cancer Medicine, [S. I], v. 5, n. 10, p. 3007-3017, 2016. DOI:
10.1002/cam4.816.

FISHER, Maryanna F.; LLEWELLYN, Gerald C. The Mongolian Gerbil: Natural History,
Care and Maintenance. The American Biology Teacher, [S. I.], v. 40, n. 9, p. 557—
560, 1978.

FRAGUAS-SANCHEZ, A. |.; FERNANDEZ-CARBALLIDO, A.; TORRES-SUAREZ, A.
I. Phyto-, endo- and synthetic cannabinoids: promising chemotherapeutic agents in the
treatment of breast and prostate carcinomas. Expert Opinion on Investigational
Drugs, [S. IL], wv. 25, n. 11, p. 1311-1323, 2016. DOI:
10.1080/13543784.2016.1236913.

FRANCOMANO, Fabrizio et al. B-caryophyllene: A sesquiterpene with countless
biological propertiesApplied Sciences (Switzerland)MDPI AG, , 2019. DOI:
10.3390/app9245420.

GANDAGLIA, Giorgio; BRIGANTI, Alberto; GONTERO, Paolo; MONDAINI, Nicola;
NOVARA, Giacomo; SALONIA, Andrea; SCIARRA, Alessandro; MONTORSI,
Francesco. The role of chronic prostatic inflammation in the pathogenesis and
progression of benign prostatic hyperplasia (BPH). BJU International, [S. |.], v. 112,
n. 4, p. 432-441, 2013. DOI: 10.1111/bju.12118.

GERTSCH, Jurg; LEONTI, Marco; RADUNER, Stefan; RACZ, lldiko; CHEN, Jian
Zhong; XIE, Xiang Qun; ALTMANN, Karl Heinz; KARSAK, Meliha; ZIMMER, Andreas.
Beta-caryophyllene is a dietary cannabinoid. Proceedings of the National Academy
of Sciences of the United States of America, [S. I.], v. 105, n. 26, p. 9099-9104,
2008. DOI: 10.1073/pnas.0803601105.



131

GONGALVES, Bianca F.; DE CAMPOS, Silvana G. P.; ZANETONI, Cristiani;
SCARANO, Wellerson R.; FALLEIROS, Luiz R.; AMORIM, Rene L Amorim.; GOES,
Rejane M.; TABOGA, Sebastido R. A new proposed rodent model of chemically
induced prostate carcinogenesis: Distinct time-course prostate cancer progression in
the dorsolateral and ventral lobes. Prostate, [S. I.], v. 73, n. 11, p. 1202-1213, 2013.
DOI: 10.1002/pros.22669.

GONCALVES, Bianca F.; ZANETONI, Cristiani; SCARANO, Wellerson R.; GOES,
Rejane M.; VILAMAIOR, Patricia S. L.; TABOGA, Sebastido R.; CAMPOS, Silvana G.
P. Prostate carcinogenesis induced by N-methyl-N-nitrosourea (mnu) in gerbils:
Histopathological diagnosis and potential invasiveness mediated by extracellular
matrix components. Experimental and Molecular Pathology, [S. I.], v. 88, n. 1, p.
96-106, 2010. DOI: 10.1016/j.yexmp.2009.09.017. Disponivel em:
http://dx.doi.org/10.1016/j.yexmp.2009.09.017.

HAYWARD, Simon W.; CUNHA, Gerald R. The prostate: Development and
physiology. Radiologic Clinics of North America, [S. ], v. 38, n. 1, p. 1-14, 2000.
DOI: 10.1016/S0033-8389(05)70146-9.

HO, Clement K. M.; HABIB, Fouad K. Estrogen and androgen signaling in the
pathogenesis of BPH. Nature Reviews Urology, [S. ], v. 8,n. 1, p. 29-41, 2011. DOI:
10.1038/nrurol.2010.207.

HONG, Geum Lan; PARK, Se Ra; JUNG, Da Young; KARUNASAGARA, Shanika;
LEE, Kyu Pil; KOH, Eun Jeong; CHO, Kyoungwon; PARK, Sung Sun; JUNG, Ju
Young. The therapeutic effects of Stauntonia hexaphylla in benign prostate hyperplasia
are mediated by the regulation of androgen receptors and 5a-reductase type 2.
Journal of Ethnopharmacology, [S. I.], v. 250, n. August 2019, p. 112446, 2020. DOI:
10.1016/j.jep.2019.112446.

[ZUMI, Kouji; MIZOKAMI, Atsushi; LIN, Wen Jye; LAI, Kuo Pao; CHANG,
Chawnshang. Androgen receptor roles in the development of benign prostate
hyperplasia. American Journal of Pathology, [S. |.], v. 182, n. 6, p. 1942-1949, 2013.
DOI: 10.1016/j.ajpath.2013.02.028.



132

KEEHN, Aryeh; TAYLOR, Jacob; LOWE, Franklin C. Phytotherapy for Benign Prostatic
Hyperplasia. Current Urology Reports, [S. ], v. 17, n. 7, p. 5-10, 2016. DOI:
10.1007/s11934-016-0609-z.

KHAKISAHNEH, Saeid; ZHANG, Xue Ying; NOURI, Zahra; HAO, Shao Yan; CHI, Qing
Sheng; WANG, De Hua. Thyroid hormones mediate metabolic rate and oxidative, anti-
oxidative balance at different temperatures in Mongolian gerbils (Meriones
unguiculatus). Comparative Biochemistry and Physiology Part - C: Toxicology
and Pharmacology, [S. I.], v. 216, n. October 2018, p. 101-109, 2019. DOI:
10.1016/j.cbpc.2018.11.016.

KIANI, Amir et al. Activities and polymorphisms of MMP-2 and MMP-9, smoking,
diabetes and risk of prostate cancer. Molecular Biology Reports, [S. |.], v. 47, n. 12,
p. 9373-9383, 2020. DOI: 10.1007/s11033-020-05968-5.

KIM, Chulwon et al. B-Caryophyllene oxide potentiates TNFa-induced apoptosis and
inhibits invasion through down-modulation of NF-kB-regulated gene products.
Apoptosis, [S. ], v. 19, n. 4, p. 708-718, 2014. DOI: 10.1007/s10495-013-0957-9.

KIRIYA, Chanarat; YEEWA, Ranchana; KHANAREE, Chakkrit; CHEWONARIN,
Teera. Purple rice extract inhibits testosterone-induced rat prostatic hyperplasia and
growth of human prostate cancer cell line by reduction of androgen receptor activation.
Journal of Food Biochemistry, [S. L], v. 43, n. 9, p. 1-13, 2019. DOI:
10.1111/jfbc.12987.

KLUTH, Luis A.; SHARIAT, Shahrokh F.; KRATZIK, Christian; TAGAWA, Scott;
SONPAVDE, Guru; RIEKEN, Malte; SCHERR, Douglas S.; PUMMER, Karl. The
hypothalamic-pituitary-gonadal axis and prostate cancer: Implications for androgen
deprivation therapy. World Journal of Urology, [S. |.], v. 32, n. 3, p. 669-676, 2014.
DOI: 10.1007/s00345-013-1157-5.

KOFQOED, J. A.; TUMILASCI, O. R.; CURBELO, H. M.; FERNANDEZ LEMOS, M,
ARIAS, N. H.; HOUSSAY, A. B. Effects of castration and androgens upon prostatic
proteoglycans in rats. The Prostate, [S. I.], v. 16, n. 2, p. 93-102, 1990. DOI:
10.1002/pros.2990160202.



133

LANGAN, Robert C. Benign Prostatic Hyperplasia. Primary Care - Clinics in Office
Practice, [S. I.], v. 46, n. 2, p. 223-232, 2019. DOI: 10.1016/j.pop.2019.02.003.

LAUNER, Bryn M.; MCVARY, Kevin T.; RICKE, William A.; LLOYD, Granville L. The
rising worldwide impact of benign prostatic hyperplasia. BJU International, [S. |.], v.
127, n. 6, p. 722-728, 2021. DOI: 10.1111/bju.15286.

LEE, KEITH L; PEEHL, Donna M. MOLECULAR AND CELLULAR PATHOGENESIS
OF BENIGN PROSTATIC HYPERPLASIA. THE JOURNAL OF UROLOGY, [S. I.], v.
172, n. November, p. 1784-1791, 2004. DOI: 10.1097/01.ju.0000133655.71782.14.

LEONEL, Ellen C. R.; FALLEIROS, Luiz R.; CAMPOS, Silvana G. P.; TABOGA,
Sebastido R. Histological and immunohistochemical characterization of the Mongolian
gerbi's mammary gland during gestation, lactation and involution. Acta
Histochemica, [S. ], v. 119, n. 3, p. 273-283, 2017. DOI:
10.1016/j.acthis.2017.02.003.

LEVESQUE, Christine; NELSON, Peter S. Cellular constituents of the prostate stroma:
Key contributors to prostate cancer progression and therapy resistance. Cold Spring
Harbor Perspectives in Medicine, [S. I], v. 8, n. 8, p. 1-16, 2018. DOI:
10.1101/cshperspect.a030510.

LI, J.; TIAN, Y.; GUO, S.; GU, H.; YUAN, Q.; XIE, X. Testosterone-induced benign
prostatic hyperplasia rat and dog as facile models to assess drugs targeting lower
urinary tract symptoms. PLoS ONE, [S. I], v. 13, n. 1, p. 1-13, 2018. DOI:
10.1371/journal.pone.0191469.

LOKESHWAR, Soum D.; HARPER, Benjamin T.; WEBB, Eric; JORDAN, Andre;
DYKES, Thomas A.; NEAL, Durwood E.; TERRIS, Martha K.; KLAASSEN, Zachary.
Epidemiology and treatment modalities for the management of benign prostatic
hyperplasia. Translational Andrology and Urology, [S. I.], v. 8, n. 5, p. 529-539,
2019. DOI: 10.21037/tau.2019.10.01.

LU, Tianjing et al. Targeting androgen receptor to suppress macrophage-induced EMT
and benign prostatic hyperplasia (BPH) development. Molecular Endocrinology, [S.
l.], v. 26, n. 10, p. 1707-1715, 2012. DOI: 10.1210/me.2012-1079.



134

LUCIA, M. Scott; LAMBERT, James R. Growth factors in benign prostatic hyperplasia:
Basic science implications. Current Urology Reports, [S. |], v. 9, n. 4, p. 272-278,
2008. DOI: 10.1007/s11934-008-0048-6.

MACHADO, Keylla da Conceicéo et al. A systematic review on the neuroprotective
perspectives of beta-caryophyllenePhytotherapy ResearchJohn Wiley and Sons
Ltd, , 2018. DOI: 10.1002/ptr.6199.

MADERSBACHER, Stephan; SAMPSON, Natalie; CULIG, Zoran. Pathophysiology of
Benign Prostatic Hyperplasia and Benign Prostatic Enlargement. A Mini-Review.
Gerontology, [S. ], v. 65, n. 5, p. 458-464, 2019. DOI: 10.1159/000496289.

MARKER, Paul C.; DONJACOUR, Annemarie A.; DAHIYA, Rajvir; CUNHA, Gerald R.
Hormonal, cellular, and molecular control of prostatic development. Developmental
Biology, [S. I], v. 253, p. 165174, 2003. DOI: 10.1016/S0012-1606(02)00031-3.

MATSUMOTO, K.; NAMIKI, M. [Action mechanism of synthetic androgens]. Nihon

rinsho. Japanese journal of clinical medicine, Japan, v. 52, n. 3, p. 600-605, 1994.

MCNEAL, J. E. Origin and evolution of benign prostatic enlargement. Investigative
urology, United States, v. 15, n. 4, p. 340-345, 1978.

MCNEAL, John E. Normal Histology of the Prostate.pdf. The American Journal of
Surgical Pathology, [S. I.], v. 12, p. 619-633, 1988.

MIAO, Lin et al. Bakuchiol suppresses oestrogen/testosterone-induced Benign
Prostatic Hyperplasia development through up-regulation of epithelial estrogen
receptor B and down-regulation of stromal aromatase. Toxicology and Applied
Pharmacology, [S. I.], v. 381, n. December 2018, p. 114637, 2019. DOI:
10.1016/j.taap.2019.114637.

NEGRIN, Ana Carolina; DE JESUS, Mariana Marcielo; CHRISTANTE, Caroline Maria;
DA SILVA, Danilo Grinig Humberto; TABOGA, Sebastido Roberto; PINTO-FOCHI,
Maria Etelvina; GOES, Rejane Maira. Maternal supplementation with corn oil
associated or not with di-n-butyl phthalate increases circulating estradiol levels of gerbil
offspring and impairs sperm reserve. Reproductive Toxicology, [S. ], v. 81, p. 168—
179, 2018. DOI: 10.1016/j.reprotox.2018.08.011.



135

NICHOLSON, T. M.; RICKE, W. A. Androgens and estrogens in benign prostatic
hyperplasia: past, present and future. Differentiation, [S. |.], v. 82, n. 4-5, p. 184-199,
2011. DOI: 10.1016/j.diff.2011.04.006.

NIETO, Cera M.; RIDER, Leah C.; CRAMER, Scott D. Influence of stromal-epithelial
interactions on androgen action. Endocrine-Related Cancer, [S. |], v. 21, n. 4, 2014.
DOI: 10.1530/ERC-14-0138.

OJHA, Shreesh; JAVED, Hayate; AZIMULLAH, Sheikh; HAQUE, M. Emdadul. B-
Caryophyllene, a phytocannabinoid attenuates oxidative stress, neuroinflammation,
glial activation, and salvages dopaminergic neurons in a rat model of Parkinson
disease. Molecular and Cellular Biochemistry, [S. |], v. 418, n. 1-2, p. 59-70, 2016.
DOI: 10.1007/s11010-016-2733-y.

OLIVEIRA, George Laylson da Silva; MACHADO, Keylla Conceicdo; MACHADO,
Kéatia Conceigcdo; DA SILVA, Ana Paula dos Santos C. L.; FEITOSA, Chistiane
Mendes; DE CASTRO ALMEIDA, Fernanda Regina. Non-clinical toxicity of -
caryophyllene, a dietary cannabinoid: Absence of adverse effects in female Swiss
mice. Regulatory Toxicology and Pharmacology, [S. |], v. 92, n. December 2017,
p. 338-346, 2018. DOI: 10.1016/j.yrtph.2017.12.013.

PAGANO, Ester; LAUDATO, Massimiliano; GRIFFO, Michele; CAPASSO, Raffaele.
Phytotherapy of benign prostatic hyperplasia. A minireview. Phytotherapy Research,
[S. 1], v. 28, n. 7, p. 949-955, 2014. DOI: 10.1002/ptr.5084.

PARK, Hee Seon et al. Effect of veratrum maackii on testosterone propionate-induced
benign prostatic hyperplasia in rats. Biological and Pharmaceutical Bulletin, [S. L],
v.42,n.1, p. 1-9, 2019. DOI: 10.1248/bpb.b18-00313.

PARK, Kyung Ran; NAM, Dongwoo; YUN, Hyung Mun; LEE, Seok Geun; JANG,
Hyeung Jin; SETHI, Gautam; CHO, Somi K.; AHN, Kwang Seok. B-Caryophyllene
oxide inhibits growth and induces apoptosis through the suppression of
PIBK/AKT/mTOR/S6K1 pathways and ROS-mediated MAPKs activation. Cancer
Letters, [S. |.], v. 312, n. 2, p. 178-188, 2011. DOI: 10.1016/j.canlet.2011.08.001.



136

PATERNITI, Irene; CAMPOLO, Michela; CORDARO, Marika; SIRACUSA, Rosalba;
FILIPPONE, Antonio; ESPOSITO, Emanuela;, CUZZOCREA, Salvatore. Effects of
different natural extracts in an experimental model of benign prostatic hyperplasia
(BPH). Inflammation Research, [S. I], v. 67, n. 7, p. 617-626, 2018. DOI:
10.1007/s00011-018-1152-9.

PAVITHRA, P. S.; MEHTA, Alka; VERMA, Rama S. Synergistic interaction of [3-
caryophyllene with aromadendrene oxide 2 and phytol induces apoptosis on skin
epidermoid cancer cells. Phytomedicine, [S. L], v. 47, p. 121-134, 2018. DOI:
10.1016/j.phymed.2018.05.001.

PEGORIN DE CAMPOS, Silvana Gisele; ZANETONI, Cristiani; GOES, Rejane Maira;
TABOGA, Sebastido Roberto. Biological behavior of the gerbil ventral prostate in three
phases of postnatal development. The Anatomical Record, [S.l.],v.288,n.7,p. 723—
733, 2006. DOI: 10.1002/ar.a.20347.

PEREZ, Ana P. S.; BIANCARDI, Manoel F.; CAIRES, Céassia R. S.; FALLEIROS-
JUNIOR, Luiz R.; GOES, Rejane M.; VILAMAIOR, Patricia S. L.; SANTOS, Fernanda
C. A.; TABOGA, Sebastido R. Prenatal exposure to ethinylestradiol alters the
morphologic patterns and increases the predisposition for prostatic lesions in male and
female gerbils during ageing. International Journal of Experimental Pathology, [S.
l.], v.97,n. 1, p. 5-17, 2016. DOI: 10.1111/iep.12153.

PINTO-FOCHI, Maria Etelvina; NEGRIN, Ana Carolina; SCARANO, Wellerson
Rodrigo; TABOGA, Sebastido Roberto; GOES, Rejane Maira. Sexual maturation of
the Mongolian gerbil (Meriones unguiculatus): A histological, hormonal and spermatic
evaluation. Reproduction, Fertility and Development, [S. I.], v. 28, n. 6, 2016. DOI:
10.1071/RD14074.

PODDIGHE, Laura et al. Acute administration of beta-caryophyllene prevents
endocannabinoid system activation during transient common carotid artery occlusion
and reperfusion. Lipids in Health and Disease, [S. |], v. 17, n. 1, 2018. DOI:
10.1186/s12944-018-0661-4.

PRICE; D. The accessory reproductive glands of mammals. Sex and Internal
Secretions, [S. .], v. 1, p. 366-448, 1961.



137

QUINTAR, Amado A.; GONCALVES, Bianca F.; TABOGA, Sebastidao R,
MALDONADO, Cristina A. The Mongolian Gerbil (Meriones unguiculatus) as a Model
for Inflammation- promoted Prostate Carcinogenesis. Cell Biology International, [S.
1], v. 11, p. 1234-1238, 2017. DOI: 10.1002/cbin.10789.

RASTOGI, S. C.; LEPOITTEVIN, J. P.; JOHANSEN, J. D.; FROSCH, P. J.; MENNE,
T.; BRUZE, M.; DREIER, B.; ANDERSEN, K. E.; WHITE, I. R. Fragrances and other
materials in deodorants: Search for potentially sensitizing molecules using combined
GC-MS and structure activity relationship (SAR) analysis. Contact Dermatitis, [S. I.],
v. 39, n. 6, p. 293-303, 1998. DOI: 10.1111/j.1600-0536.1998.tb05944 .x.

RAZZOLI, M.; PAPA, R.; VALSECCHI, P.; MARZANO, F. Nonnis. AFLP to Assess
Genetic Variation in Laboratory Gerbils (Meriones unguiculatus). Journal of Heredity,
[S. 1], v. 94, n. 6, p. 507-511, 2003. DOI: 10.1093/jhered/esg097.

REY, Rodolfo A.; GRINSPON, Romina P. Androgen Treatment in Adolescent Males
With Hypogonadism. American Journal of Men’s Health, [S. |], v. 14, n. 3, 2020.
DOI: 10.1177/1557988320922443.

RICH, S. T. The Mongolian gerbil (Meriones unguiculatus) in research. Laboratory
animal care, United States, v. 18, n. 2, p. Suppl:235-43, 1968.

RISBRIDGER, Gail P.; ELLEM, Stuart J.; MCPHERSON, Stephen J. Estrogen action
on the prostate gland: A critical mix of endocrine and paracrine signaling. Journal of
Molecular Endocrinology, [S. I.], v. 39, n. 3-4, p. 183-188, 2007. DOI: 10.1677/IJME-
07-0053.

RISBRIDGER, Gail P.; TAYLOR, Renea A. Physiology of the male accessory sex
structures: The prostate gland, seminal vesicles, and bulbourethral glands. Third
Edit ed. [s.l.] : Elsevier Inc., 2006. DOI: 10.1016/B978-012515400-0/50028-2.

RITTMASTER, Roger S. 5A-Reductase Inhibitors in Benign Prostatic Hyperplasia and
Prostate Cancer Risk Reduction. Best Practice and Research: Clinical
Endocrinology and Metabolism, [S. L], v. 22, n. 2, p. 389-402, 2008. DOI:
10.1016/j.beem.2008.01.016.



138

ROBITAILLE, Julie; LANGLOIS, Valerie S. Consequences of steroid-5a-reductase
deficiency and inhibition in vertebrates. General and Comparative Endocrinology,
[S. L], v. 290, p. 113400, 2020. DOI: 10.1016/j.ygcen.2020.113400.

ROCHEL, Sabrina Santos; BRUNI-CARDOSO, Alexandre; TABOGA, Sebasti&o
Roberto; VILAMAIOR, Patricia Simone Leite; GOES, Rejane Maira. Lobe identity in
the Mongolian gerbil prostatic complex: A new rodent model for prostate study.
Anatomical Record, [S. ], v. 290, n. 10, p. 1233-1247, 2007. DOI: 10.1002/ar.20585.

ROEHRBORN, C. G. Pathology of benign prostatic hyperplasia. International Journal
of Impotence Research, [S. |], v. 20, n. SUPPL. 3, 2008. DOI: 10.1038/ijir.2008.55.

ROY-BURMAN, P.; WU, H.; POWELL, W. C.; HAGENKORD, J.; COHEN, M. B.
Genetically defined mouse models that mimic natural aspects of human prostate
cancer development. Endocrine-Related Cancer, [S. |.], v. 11, n. 2, p. 225-254, 2004.
DOI: 10.1677/erc.0.0110225.

RUMPOLD, H.; UNTERGASSER, G.; MADERSBACHER, S.; BERGER, P. The
development of benign prostatic hyperplasia by trans-differentiation of prostatic
stromal cells. Experimental Gerontology, [S. I.], v. 37, n. 8-9, p. 1001-1004, 2002.
DOI: 10.1016/S0531-5565(02)00062-1.

SAYED, Rabab H.; SAAD, Muhammed A.; EL-SAHAR, Ayman E. Dapoxetine
attenuates testosterone-induced prostatic hyperplasia in rats by the regulation of
inflammatory and apoptotic proteins. Toxicology and Applied Pharmacology, [S. |],
v. 311, p. 52-60, 2016. DOI: 10.1016/j.taap.2016.09.024.

SCARANO, Wellerson Rodrigo; DE SOUSA, Daniel Emidio; CAMPOS, Silvana Gisele
Pegorin; CORRADI, Lara Silvia; VILAMAIOR, Patricia Simone Leite; TABOGA,
Sebastido Roberto. Oestrogen supplementation following castration promotes stromal
remodelling and histopathological alterations in the Mongolian gerbil ventral prostate.
International Journal of Experimental Pathology, [S. I.], v. 89, n. 1, p. 25-37, 2008.
DOI: 10.1111/j.1365-2613.2007.00559.x.

SCHAUER, lIsaiah G.; ROWLEY, David R. The functional role of reactive stroma in
benign prostatic hyperplasia. Differentiation, [S. I.], v. 82, n. 4-5, p. 200-210, 2011.
DOI: 10.1016/}.diff.2011.05.007.



139

SFANOS, Karen S.; YEGNASUBRAMANIAN, Srinivasan; NELSON, William G.; DE
MARZO, Angelo M. The inflammatory microenvironment and microbiome in prostate
cancer development. Nature Reviews Urology, [S. I.], v. 15, n. 1, p. 11-24, 2018.
DOI: 10.1038/nrurol.2017.167.

SHAH, Abhishek; SHAH, Aarti Abhishek; NANDAKUMAR, K.; LOBO, Richard.
Mechanistic targets for BPH and prostate cancer—a review. Reviews on
Environmental Health, [S. |.], v. 36, n. 2, p. 261-270, 2021. DOI: 10.1515/reveh-2020-
0051.

SHAPPELL, Scott B. et al. Prostate Pathology of Genetically Engineered Mice:
Definitions and Classification. The Consensus Report from the Bar Harbor Meeting of
the Mouse Models of Human Cancer Consortium Prostate Pathology Committee.
Cancer Research, [S. |], v. 64, n. 6, p. 2270-2305, 2004. DOI: 10.1158/0008-
5472.CAN-03-0946.

SHARMA, Charu; M. AL KAABI, Juma; M. NURULAIN, Syed; N. GOYAL, Sameer,
AMJAD KAMAL, Mohammad; OJHA, Shreesh. Polypharmacological Properties and
Therapeutic Potential of p-Caryophyllene: A Dietary Phytocannabinoid of
Pharmaceutical Promise. Current Pharmaceutical Design, [S. I.], v. 22, n. 21, p.
3237-3264, 2016. DOI: 10.2174/1381612822666160311115226.

SHEN, Mm; ABATE-SHEN, C. Molecular genetics of prostate cancer: new prospects
for old challenges. Genes & development, [S. I.], n. 212, p. 1967-2000, 2010. DOI:
10.1101/gad.1965810.GENES.

SHIRAI, Tomoyuki; TAKAHASHI, Satoru; CUI, Lin; FUTAKUCHI, Mitsuru; KATO, Koji;
TAMANO, Seiko; IMAIDA, Katsumi. Experimental prostate carcinogenesis - Rodent
models. Mutation Research - Reviews in Mutation Research, [S. |.], v. 462, n. 2-3,
p. 219-226, 2000. DOI: 10.1016/S1383-5742(00)00039-9.

SILVA, I. S. B.; MORSCH, D. M.; URNAUER, L.; SPRITZER, P. M. Androgen-induced
cell growth and c-myc expression in human non-transformed epithelial prostatic cells
in primary culture. Endocrine Research, [S. |], v. 27, n. 1-2, p. 153-169, 2001. DOI:
10.1081/ERC-100107177.



140

TABOGA, Sebastido Roberto; VILAMAIOR, Patricia Simone Leite; GOES, Rejane
Maira. Modulacdo androgénica e estrogénica na préstata: uma abordagem em
modelos experimentais de roedores com enfoque na biologia estrutural. Arq Bras
Endocrinol Metab, [S. |.], v. d, p. 946955, 2009.

THOMSON, Axel A.; CUNHA, Gerald R.; MARKER, Paul C. Prostate development and
pathogenesis. Differentiation, [S. I], v. 76, n. 6, p. 559-564, 2008. DOI:
10.1111/}.1432-0436.2008.00303.x.

TSAI, Hui Hsuan; CHEN, Chia Wen; YU, Pei Ling; LIN, Yu Ling; HSIEH, Rong Hong.
Mangosteen pericarp components alleviate progression of prostatic hyperplasia and
mitochondrial dysfunction in rats. Scientific Reports, [S. |], v. 10, n. 1, p. 1-9, 2020.
DOI: 10.1038/s41598-019-56970-2. Disponivel em: http://dx.doi.org/10.1038/s41598-
019-56970-2.

TUXHORN, Jennifer A.; AYALA, Gustavo E.; ROWLEY, David R. Reactive stroma in
prostate cancer progression. Journal of Urology, [S. |], v. 166, n. 6, p. 24722483,
2001. DOI: 10.1016/S0022-5347(05)65620-0.

UMEZU, T.; KURIBARA, H.; TADOKORO, S. Characteristics of circadian rhythm of
wheel-running activity and drinking behavior in Mongolian gerbils. Yakubutsu,
seishin, kodo = Japanese journal of psychopharmacology, Japan, v. 9, n. 4, p.
369-373, 1989.

UNTERGASSER, Gerold; MADERSBACHER, Stephan; BERGER, Peter. Benign
prostatic hyperplasia: Age-related tissue-remodeling. Experimental Gerontology, [S.
l.], v. 40, n. 3, p. 121-128, 2005. DOI: 10.1016/j.exger.2004.12.008.

VERZE, Paolo; CAI, Tommaso; LORENZETTI, Stefano. The role of the prostate in
male fertility, health and disease. Nature Reviews Urology, [S. I.], v. 13, n. 7, p. 379—
386, 2016. DOI: 10.1038/nrurol.2016.89. Disponivel em:
http://dx.doi.org/10.1038/nrurol.2016.89.



141

VICKMAN, Renee E.; FRANCO, Omar E.; MOLINE, Daniel C.; VANDER GRIEND,
Donald J.; THUMBIKAT, Praveen; HAYWARD, Simon W. The role of the androgen
receptor in prostate development and benign prostatic hyperplasia: A review. Asian
Journal of Urology, [S. L], v. 7, n. 3, p. 191-202, 2020. DOI:
10.1016/j.ajur.2019.10.003.

VILAMAIOR, Patricia S. L.; FELISBINO, Srgio L.; TABOGA, Sebastio R.; CARVALHO,
Hernandes F. Collagen fiber reorganization in the rat ventral prostate following
androgen deprivation: A possible role for smooth muscle cells. Prostate, [S. I.], v. 45,
n. 3, p. 253-258, 2000. DOI: 10.1002/1097-0045(20001101)45:3<253::AlD-
PROS8>3.0.CO;2-P.

WANG, Chao et al. The prevention and treatment effects of tanshinone IIA on
oestrogen/androgen-induced benign prostatic hyperplasia in rats. Journal of Steroid
Biochemistry and Molecular Biology, [S. ], v. 145, p. 28-37, 2015. DO
10.1016/j.jsbmb.2014.09.026.

WANG, Xiaohai et al. Increased infiltrated macrophages in benign prostatic
hyperplasia (BPH): Role of stromal androgen receptor in macrophage-induced
prostate stromal cell proliferation. Journal of Biological Chemistry, [S. I.], v. 287, n.
22, p. 18376-18385, 2012. DOI: 10.1074/jbc.M112.355164.

WARNER, Margaret; WU, Wan Fu; MONTANHOLI, Leticia; NALVARTE, Ivan;
ANTONSON, Per; GUSTAFSSON, Jan Ake. Ventral prostate and mammary gland
phenotype in mice with complete deletion of the ERB gene. Proceedings of the
National Academy of Sciences of the United States of America, [S. |.], v. 117, n.
9, p. 4902-4909, 2020. DOI: 10.1073/pnas.1920478117.

WILSON, Jean D. The Critical Role of Androgens in Prostate Development.
Endocrinology and Metabolism Clinics of North America, [S. |.],v.40,n. 3, p. 577—
590, 2011. DOI: 10.1016/j.ecl.2011.05.003.

WU, Jie. Cannabis, cannabinoid receptors, and endocannabinoid system: yesterday,
today, and tomorrow. Acta Pharmacologica Sinica, [S. I.], v. 40, n. 3, p. 297-299,
2019. DOI: 10.1038/s41401-019-0210-3.



142

WU, Zong Lin; YUAN, Ya; GENG, He; XIA, Shu Jie. Influence of immune inflammation
on androgen receptor expression in benign prostatic hyperplasia tissue. Asian
Journal of Andrology, [S. |], v. 14, n. 2, p. 316-319, 2012. DOI:
10.1038/aja.2011.154.

XU, De Li; WANG, De Hua. Glucose supplement reverses the fasting-induced
suppression of cellular immunity in Mongolian gerbils (Meriones unguiculatus).
Zoology, [S. 1], v. 114, n. 5, p. 306—-312, 2011. DOI: 10.1016/j.zo0l.2011.04.002.

ZANATELLI, Marianna; COLLETA, Simone Jacovaci; GUERRA, Luiz Henrique Alves;
SANTOS, Fernanda Cristina Alcantara; GOES, Rejane Maira; VILAMAIOR, Patricia
Simone Leite; TABOGA, Sebastido Roberto. Prolactin promotes a partial recovery
from the atrophy of both male and female gerbil prostates caused by castration.
Reproductive Biology and Endocrinology, [S. |], v. 19, n. 1, p. 1-17, 2021. DOI:
10.1186/s12958-021-00777-2.

ZHANG, Junjie et al. Animal models of benign prostatic hyperplasia. Prostate Cancer
and Prostatic Diseases, [S. ], v. 24, n. 1, p. 49-57, 2021. DOI: 10.1038/s41391-020-
00277-1.

ZHU, Yuan Shan; IMPERATO-MCGINLEY, Julianne L. 5A-Reductase Isozymes and
Androgen Actions in the Prostate. Annals of the New York Academy of Sciences,
[S. 1], v. 1155, p. 43-56, 2009. DOI: 10.1111/j.1749-6632.2009.04115.x.

ZONG, Yang; GOLDSTEIN, Andrew S. Adaptation or selection - Mechanisms of
castration-resistant prostate cancer. Nature Reviews Urology, [S. |], v. 10, n. 2, p.
90-98, 2013. DOI: 10.1038/nrurol.2012.237.
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Cariofilenc na préstata venlral de gerbilos adultos apds a suplementacao
pela Testeslerona”™, registrada com o n® 173/2017 - CEUA, scb o
responsablidade do Professora Doutara Palricia Simone Leite Viamalcr,
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