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RESUMO

PATRICIO, Bruno Félix. Analise estrutural do corpo cavernoso de pacientes com priapismo
isquémico. 2009. 33 f. Dissertacdo (Mestrado em Fisiopatologia e Ciéncias Cirurgicas) —
Faculdade de Ciéncias Médicas, Universidade do Estado do Rio de Janeiro, Rio de Janeiro,
2009.

O objetivo do presente trabalho € avaliar através de métodos quantitativos e
qualitativos, as alteragfes nos corpos cavernosos de individuos com priapismo isquémico.
Foram estudados fragmentos de corpos cavernosos obtidos por bidpsia de sete pacientes com,
pelo menos, 48 horas de priapismo isquémico, com idade entre 27 e 44 anos (média de 38
anos). Os pacientes foram submetidos a tratamento cirdrgico pela técnica de Al-ghorab. O
material foi submetido a técnicas histoquimicas e imunohistoquimicas para a caracterizacao e
quantificacdo do musculo liso e dos elementos fibrosos do tecido conjuntivo. A analise do
corpo cavernoso dos pacientes com priapismo e do grupo controle, mostrou os seguintes
resultados: Colageno: controle = 34.76 + 4.64, priapismo = 39.64 + 2.91 (p = 0.0019); sistema
elastico: controle 28.10 + 2.85, priapismo 36.10 + 3.06 (p = 0.0012) fibras musculares:
controle = 43.37 = 4.96, priapismo = 26.48 £ 5.00 (p < 0.0001). Ficou caracterizado aumento
estatisticamente significativo dos elementos fibrosos do tecido conjuntivo e diminuicdo
significativa nas fibras musculares lisas do corpo cavernoso dos pacientes com priapismo
isquémico. O presente estudo mostrou que o priapismo isquémico esta associado a alteragdes
significativas nos componentes da matriz extracelular e na musculatura lisa do corpo
cavernoso. Esses resultados poderiam explicar a disfuncao erétil que acompanha os pacientes
com priapismo isquémico.

Palavras-chave: pénis; priapismo; disfuncao erétil; musculo liso; matriz extracelular;
quantificacdo/estereologia



ABSTRACT

The purpose of the present study was to evaluate through quantitative and qualitative
methods, the changes in the corpora cavernosa of patients with ischemic priapism. We
obtained samples of corpora cavernosa from 7 patients with ischemic priapism, aged between
28 and 44 years (mean = 38), who underwent a cavernosal-glandular shunt. The control
tissues were fragments of corpora cavernosa obtained from autopsies of 7 age-matched men
who died of causes not related to the urogenital tract. Histochemical
and immunohistochemical techniques were used to assess and quantify the extra-cellular
matrix and smooth muscle fibers. The volumetric density of smooth muscle, elastic fibers and
collagen were determined in corpora cavernosa. The stereological analysis showed the
following values of volumetric density in the structures studied. Collagen: controls = 34.76 +
4.64, priapism = 39.64 £ 2.91 (p = 0.0019); elastic system fibers: controls 28.10 + 2.85,
priapism 36.10 £ 3.06 (p = 0.0012), smooth muscle fibers: controls = 43.37 + 4.96, priapism =
26.48 + 5.00 (p < 0.0001). Qur results demonstrated a significant increase in the fibrous
elements of the connective tissue and a significant decrease of smooth muscle fibers in the
corpora cavernosa of patients with ischemic priapism, when compared to controls. As
conclusion, this study showed that ischemic priapism is associated with early significant
changes in the components of the extra cellular matrix and smooth muscle fibers of corpora
cavernosa. This could explain the frequent occurrence of erectile dysfunction found in
patients with ischemic priapism.

Keywords: penis; priapism; erectile dysfunction; smooth muscle; extracellular matrix;
stereology/quantification
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1 INTRODUCAO

O nome priapismo tem sua origem no deus Priapo da mitologia
grega. Priapo foi caracterizado por possuir um longo falus em ere¢do. Na
mitologia grega, era filho de Dionisio e Afrodite, de Baco e de Venus na
mitologia romana. E considerado o deus da fertilidade, dos vinhedos, dos
rebanhos, dos pescadores, dos jardins, simbolizando a energia fecundante.
Por citimes, ou por sentir-se ultrajada pela promiscuidade de Afrodite, Hera
fez Priapo nascer com alguns exageros como, por exemplo, os genitais
enormes. Conhecido em Roma com o nome de Facinum, ficou muito
popular em Pompéia, onde ¢ retratado trajando um longo vestido que deixa

a mostra seu orgao genital (Figura 1).

Fig. 1 — Afresco da Imagem de Priapus, na Casa dos
Vetti, Pompeia

O Priapismo foi descrito pela primeira vez por Tripe (1845) como
sendo uma erecao prolongada, frequentemente dolorosa, que pode ou nao
ser desencadeado por um estimulo sexual. Esta doenga atinge apenas os
corpos cavernosos, nao afetando o corpo esponjo e a glande, o que facilita

o seu diagnostico (Adeyoju et al. 2002, Yuan et al. 2008).


http://mithos.cys.com.br/19689.htm
http://mithos.cys.com.br/23521.htm
http://pt.wikipedia.org/wiki/Imagem:Pompeya_er%C3%B3tica6.jpg
http://pt.wikipedia.org/wiki/Imagem:Pompeya_er%C3%B3tica6.jpg

1.1 Morfologia do Pénis

1.1.1 Anatomia macroscopica

O pénis € um orgao que faz parte de dois sistemas: sistema urinario e
sistema reprodutor. E o érgdo de copula masculino, composto por trés
corpos cilindricos de estrutura erétil: um par de corpos cavernosos, situados
dorsalmente e um corpo esponjoso, situado ventralmente além de fascias,
nervos ¢ vasos, todos recobertos pela pele. A maior parte do pénis ¢
formada pelos corpos cavernosos, os quais se originam na sinfise pubica.
Correm lado a lado separados por um septo incompleto e estdo envolvidos
intimamente pela tunica albuginea. Anterior aos corpos cavernosos esta
localizado o corpo esponjoso, que abriga no seu interior a uretra e possui
duas dilata¢des: uma proximal, o bulbo esponjoso e outra distal, a glande
do pénis. Os trés corpos de estrutura erétil estdo envoltos por uma camada
de tecido fibroso, a tunica albuginea, que varia em espessura tornando-se
mais delgada ao envolver o corpo esponjoso. Além da tinica albuginea as
trés estruturas apresentam duas fascias: a fascia Buck ou profunda e a
fascia Dartos, também conhecida como tunica Dartos ou superficial. A
derme e a epiderme recobrem estas estruturas (Gray et al. 1988, Latarjet et

al. 1993, Brooks 2002) (Figura 2).
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Corpo Esponjoso

Uretra

Figura 2 - Corte transversal do pénis humano normal (Sampaio, F. J. B.).

As artérias que suprem os corpos eréteis sao as artérias do bulbo do
pénis e artéria dorsal do pénis, ambas provenientes das artérias pudendas
internas (ramos das artérias iliacas internas). Formam uma importante rede
vascular cujas artérias de maior didmetro sdo as artérias profundas do pénis
(Gray et al. 1988, Latarjet et al. 1993).

A drenagem venosa do pénis ¢ feita através da veia profunda do
pénis, que leva a maior parte do sangue dos corpos cavernosos € do corpo
esponjoso para o plexo prostatico. A pele e a tela subcutanea sdo drenadas
pela veia dorsal superficial do pénis, tributarias da veia pudenda externa,
que drena o sangue para a veia safena magna (Gray et al. 1988, Latarjet et
al. 1993).

Os vasos linfaticos da pele e prepicio drenam a linfa para os
linfonodos inguinais superficiais. Os da glande e corpos eréteis drenam
para linfonodos inguinais profundos, femorais, retrofemorais e pré-
viscerais (Gray et al. 1988, Latarjet et al. 1993).

A 1nervacao do pénis ¢ feita por fibras sensitivas, através dos ramos
do nervo pudendo, nervo dorsal do pénis € do nervo ilioinguinal. Fibras

simpaticas, parassimpaticas e fibras ndo adrenérgicas e nao-colinérgicas,



estdo relacionados com o controle da circulagdo do sangue no pénis (Gray
et al. 1988, Latarjet et al. 1993).

Fibras autonomas que inervam o tecido erétil tém sua origem em
ganglios simpaticos lombares. A erecao depende de ramos provenientes do
plexo hipogéstrico inferior, do qual participam os nervos esplancnicos
pélvicos, que sdo elementos do plexo parassimpatico pélvico (Gray et al.

1988, Latarjet et al. 1993).

1.1.2 Histologia

O tecido erétil do pénis humano (corpo cavernoso) ¢ composto de
fibras elasticas, fibras coldgenas, musculo liso, artérias e veias, que sao
envolvidas pela tunica albuginea formada principalmente de colageno e
tecido elastico. Estas estruturas penianas possuem fung¢des importantes no
mecanismo da ere¢do (Goldstein et al. 1982, Lue 2002, Wespes et al.
1991).

O interior do corpo cavernoso e esponjoso estdo divididos por
trabéculas que formam numerosos espagos vasculares, denominados
sinusodides. As trabéculas sdo formadas por fibras do sistema elastico, fibras
colagenas e fibras musculares lisas. Estes elementos dao sustenta¢do aos

nervos, sinusoides e artérias (Iacono et al. 1994).



1.1.2.1 Matriz extracelular

A matriz extracelular ¢ a uma rede estrutural complexa formada por
macromoléculas que circundam e sustentam as células dentro do tecido
conjuntivo. E formada por diferentes moléculas que sido produzidas e
exportadas pelas células modulando a estrutura, fisiologia ¢ biomecanica
dos tecidos. A matriz extracelular ¢ dividida em trés componentes
principais:

«  Componentes fibrilares - coldgeno e fibras do sistema eléstico;
o«  Componentes nao fibrilares — proteoglicanos e glicoproteinas nao

colagénicas (Gartner et al. 2007, Ross et al. 2008).

» Elementos fibrosos da matriz extracelular (componentes fibrilares)

e Colageno

As fibras colagenas sdo as proteinas fibrosas mais abundantes no
reino animal, representando cerca de 1/3 do total das proteinas encontradas
nos tecidos e resistentes a tensdo (Van der Rest et al. 1991). As fibras
colagenas sao constituidas por trés cadeias prot€icas longas organizadas em
a-hélice. Uma caracteristica do colageno ¢ que 30% dos aminodacidos
correspondem a glicina. A estrutura primaria das cadeias ¢ formada por
uma sequéncia de trés aminodcidos: Gly-X-Y (dominios colagénicos), que
se repetem por grandes extensdes. Os aminoacidos colocados nas posicoes

X e y sdo frequentemente prolina e hidroxiprolina, respectivamente. Cada



cadeia de coldgeno tem suas proprias caracteristicas quanto a composi¢ao
de aminoacidos, que sdo utilizados para identificar o tipo de colageno
(Kadler et al. 1996).

O tamanho e a forma das fibras colagenas variam dependendo do
tecido e do 6rgdo, mesmo dentro da mesma espécie. Seu diametro pode
variar de 1 a 20 pm e apresentam um curso ondulado, mesmo quando
formam fibras densas de tecido conjuntivo como, por exemplo, nos
tendoes. A forma ondulada dessas fibras aumenta a resisténcia dessas

fibras, resistindo melhor as tensdes (Ushiki 2002).

e Fibras do sistema elastico

No tecido conjuntivo, as fibras do sistema eléstico distinguem-se
facilmente das coldgenas por serem mais delgadas e ndo apresentarem
estriacdo transversal. Essas fibras cedem facilmente mesmo a tragdes
minimas e retomam sua forma inicial apdés o término das forcas
deformantes (Junqueira et al. 2004).

As fibras do sistema elastico apresentam uma cor amarelada quando
observadas a fresco e sdo caracterizadas pelo alto grau de extensibilidade
que apresentam. Sdo encontradas em tecidos que sdo constantemente
submetidos a grandes forgas de estiramento (Cotta-Pereira et al. 1984).

A fibra eléastica ¢ uma estrutura complexa formada por elastina,
proteina microfibrilar, lisil-oxidase, e proteoglicanos (Mecham 1991).

Sabe-se que, durante o processo de formacao de uma fibra elastica, o
componente microfibrilar € o primeiro que aparece. Em seguida a elastina ¢

depositada provavelmente devido a uma interacao idnica entre a elastina ¢ a



superficie microfibrilar como conseqiiéncia de suas cargas opostas
(Rosenbloom et al. 1993, Ross et al. 1969).

De acordo com o grau de associagdo entre esses componentes as
fibras do sistema elastico sao divididas em 3 tipos:

1- Fibras elasticas: constituidas em sua maior parte de elastina, em
posi¢do central, ¢ um numero reduzido de microfibrilas em posicao
periférica;

2- Fibras elauninicas: com pouca elastina e grande numero de
microfibrilas organizadas em feixes;

3- Fibras oxitalanicas: compostas somente por microfibrilas (Gartner

etal. 2007, Ross et al. 1969).

1.1.2.2 Fibras Musculares lisas

A musculatura lisa dos corpos cavernosos do pénis apresenta-se
geralmente como feixes ou folhetos de células fusiformes alongadas, com
extremidades finas e gradativamente afiladas. As células variam quanto ao
comprimento: de 20um nas paredes de pequenos vasos sanguineos a cerca
de 200 um. Os nucleos das células musculares lisas estdo localizados no
centro da cé€lula e, com frequéncia aparecem nos cortes transversais com a
forma de saca rolhas. Essa caracteristica ¢ o resultado da contracao celular
durante a fixagdo, muito util para se distinguir as células musculares lisas
dos miofibroblastos nos cortes histologicos de rotina. Na célula ndo
contraida, o nlcleo aparece como uma estrutura alongada com
extremidades afiladas gradativamente, situada no eixo central da célula.

Quando em corte transversal, o nicleo de uma fibra muscular lisa aparece



com um perfil arredondado ou circular, dependendo se a célula estiver
contraida ou relaxada (Gartner et al. 2007, Ross et al. 2008).

A célula muscular lisa € o principal componente de contragdo e
relaxamento do corpo cavernoso. Para se alcangar a tumescéncia e manter a
rigidez peniana, ¢ preciso uma determinada percentagem de células
musculares lisas (Wespes et al. 1991). O papel do musculo liso no corpo
cavernoso ¢ a manutencao da ere¢dao, aumentando a pressao intra-cavernosa
durante a ere¢do a qual ndo pode ser obtida apenas por mecanismos

vasculares (Goldstein et al. 1982).

1.2 Fisiologia da erecéo

A ere¢do ¢ uma resposta do pénis a um estimulo sexual. O grau de
erecdo ¢ proporcional ao grau de estimulacdo psiquica ou fisica, e ¢
causada por impulsos parassimpaticos iniciando-se na por¢do sacral da
medula espinhal, continuando pelos nervos pélvicos e chegando até o pénis
(Guyton et al. 1997). Segundo Jevtich et al. (1990), o mecanismo de ere¢ao
peniana ¢ um processo fisioldégico complexo que ¢ baseado em fatores
neurais, vasculares, hormonais ¢ de estruturais.

Sabe-se que a capacidade de ter e manter a ere¢do depende de uma
funcdo neurologica e vascular intacta em presenca de fatores hormonais e
psicologicos adequados. A erecdo ¢ fundamentalmente um fenomeno que
depende do sistema nervoso auténomo parassimpdtico, embora estejam
aumentando as provas histoquimicas e neurofarmacoldgicas do papel
exercido pelo sistema nervoso simpatico. A ere¢ao peniana ¢ um evento
vascular controlado pela integridade das fibras de musculo liso e as

trabéculas do corpo cavernoso. A dilatacdo dos vasos arteriais resulta no



aumento do influxo arterial e provoca relaxamento do musculo liso intra-
cavernoso ¢ distensdo dos espacos cavernosos (Sattar et al. 1994, Smith
1985).

A liberacdo de adrenalina mantém contraida a musculatura lisa dos
corpos eréteis e faz com que o pénis permanega no estado flacido.

Segundo Smith (1985), Andersson et al. (1995) e Saenz de Tejada et
al. (1996) sdo necessarios trés eventos vasculares para o inicio e
manutencao da erecdo. Sao eles:

1. Aumento do fluxo sanguineo arterial para os corpos cavernosos.

Apos estimulacdo sexual, um grande fluxo arterial penetra para
expandir todo o sistema sinusoidal, até que seja estabelecido um novo
equilibrio que ocorre com uma pressao de aproximadamente 100mmHg,
quando apenas quantidades limiares de fluxo entram e saem dos corpos
cavernosos para manter a ere¢do. O processo de ere¢do ocorre devido a
alteragdes nos espacgos cavernosos que se dilatam e se enchem de sangue na
erecao € se tornam colapsados e com pouco sangue no estado de flacidez.
Essa pequena quantidade de sangue nos corpos cavernosos, no estado de
flacidez, visa somente atender as suas necessidades metabolicas.

2. Relaxamento do musculo liso cavernoso.

As estruturas musculares lisas presentes no corpo cavernoso sao de
grande importdncia no mecanismo da eregdo. E indispensavel o
relaxamento dessa musculatura, tanto cavernosa quanto vascular, para que
ocorra um aumento do fluxo arterial, e, conseqiientemente, o
preenchimento dos espacgos sinusoidais por sangue.

3. Diminuic¢ao do retorno venoso, mantendo o sangue no interior do corpo
cavernoso.

Quando os espagos sinusoidais ja estdo expandidos, a pressao
intracavernosa comec¢a a aumentar, havendo uma compressao na regiao sob

a tunica albuginea, através da qual passam as veias emissarias resultando
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em um grande aumento da resisténcia ao fluxo de saida. Isto faz com que
pare quase que totalmente a saida de sangue pelas veias, acumulando
sangue dentro dos corpos cavernosos levando a rigidez do pénis e a eregao.
Estes fenomenos sdo conhecidos como mecanismo de veno-oclusdao normal
dos corpos cavernosos (Andersson et al. 1995, Lue 2002, Saenz de Tejada
etal. 1996).

1.3 Priapismo

Descrito pela primeira vez por Tripe (1845) o priapismo foi definido
como uma doenga que se caracteriza por uma ere¢do prolongada, mantida
por mais de 4 horas de duracdo, frequentemente dolorosa, desencadeada ou
ndo pelo estimulo sexual (Adeyoju et al. 2002, Maan et al. 2003, Burnett et
al. 2007, Chow et al. 2008, Yuan et al. 2008). O priapismo afeta os corpos
cavernosos ¢ ¢ normalmente bilateral ndo afeta o corpo esponjoso ¢ a
glande. Essa caracteristica permite diagnosticar a doenga. O fator
responsavel pela persisténcia da eregdo ¢ a congestdo sanguinea nos
sinusoides do corpo cavernoso (Adeyoju et al. 2002).

De acordo com fluxo sanguineo pode ser classificado em:
priapismo isquémico, de baixo fluxo ou venoclusivo; priapismo nao-
1squémico, de alto fluxo ou arterial.

o  Priapismo isquémico, de baixo fluxo ou venoclusivo.

O priapismo isquémico estd associado a diminui¢do do retorno venoso com
estase vascular o que determina a hipoxia tecidual. Neste tipo de priapismo
a drenagem venosa demora a ser feita. Geralmente ¢ doloroso devido a
isquemia. O priapismo isquémico esta associado com um alto risco de

fibrose dos corpos cavernosos e impoténcia (Minardi et al. 2004).
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o  Priapismo nao isquémico, de alto fluxo ou arterial.

Priapismo nao isquémico pode ser definido como uma doenca de afluéncia
arterial aumentada nos corpos cavernosos (Kuefer et al. 2005). E
geralmente indolor, ocorrendo aumento do fluxo arterial € o retorno venoso
normal, elevando a pressdo parcial de O,. E causado na maioria das vezes
por trauma perineal ou peniano. Pode ser idiopatico com algumas excecdes
(Lue 2002).

O tipo isquémico ¢ o mais comum e responsavel por 80% a 90% dos
casos. E uma emergéncia urologica, que pode evoluir para o quadro de
disfungdo erétil, mesmo apos um tratamento efetivo (Minardi et al. 2004,
Pryor et al. 2004, Van der Horst et al. 2003). Relaciona-se a congestdo
sanguinea intra-cavernosa, associada a baixos niveis de O, e altos niveis de
CO,, o que leva a um impacto significativo na oxigenagao tecidual (Pryor
et al. 2004, Van der Horst et al. 2003). Por outro lado, o priapismo nao
isquémico estd associado ao surgimento de uma fistula artério-venosa
(traumatica ou iatrogénica) associada a niveis normais de O, ndo levando a
um impacto minimo na oxigenagdo tecidual (Lue et al. 1986).

De acordo com a classificagdo etioldgica do priapismo ele pode ser
primario (idiopatico) ou secundario. O priapismo secundario estd associado
a uma causa conhecida, como por exemplo, abuso de alcool ou uso
excessivo de drogas, trauma perineal e doengas hematologicas (Lue 2002,
Mulhall et al. 1996).

A maior incidéncia dos casos de priapismo isquémico ¢ encontrada
nos individuos com idade entre 16 a 45 anos. Na maioria das vezes, trata-se
de priapismo idiopatico. Em individuos mais jovens com doengas
hematologicas, como a anemia falciforme, o primeiro episdédio de
priapismo pode ocorrer entre 15 e 20 anos sendo que em 75% dos casos

ocorre até os 20 anos (Adeyoju et al. 2002). Outros casos mais freqlientes
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sdao devidos a drogas injetaveis utilizadas para o diagnostico e tratamento
de disfung¢do erétil e no uso indiscriminado de drogas ilicitas (Lue 2002).

Numa revisao de literatura envolvendo 230 casos, foram encontradas
as seguintes causas mais frequentes: idiopaticas (35%); associagdo com
abuso de dalcool ou drogas (21%); trauma perineal (12%); anemia
falciforme (11%) e doenga inflamatoria do trato genital (8%). De um modo
geral, o priapismo idiopdatico representa quase a metade dos casos, os quais,
em sua grande maioria, t€ém relatos de episddios prévios. As injegdes
Intracavernosas para o tratamento da disfungdo erétil ndo estdo incluidas
nessas casuisticas, uma vez que tornaram o priapismo muito mais
freqiiente.

Os riscos de eregdes prolongadas (entre quatro e seis horas) com a
prostaglandina sdo de 0,4% a 1,7%, e com a papaverina podem ser de até
15%, sendo mais prevalentes entre os pacientes neurogénicos ou
psicogénicos (Lue 2002).

O priapismo isquémico tem ocorrido com freqiiéncia crescente em
pessoas com anemia falciforme e em segundo lugar estdo os casos sem
causas conhecidas(Adeyoju et al. 2002).

Segundo Adeyoju et al. 2002 a forma mais comum de priapismo na
anemia falciforme ¢ o tipo isquémico.

Estimativas da Organizagdo Mundial de Saude, mostraram que a
cada ano nascem no Brasil cerca de 2500 criangas portadoras de Doenca
Falciforme. O diagnéstico precoce e¢ o tratamento adequado representam
papel fundamental na redu¢cdo da morbidade e mortalidade destas criangas.
Entre os sinais e sintomas mais freqiientes da doenga falciforme estd o
priapismo. O priapismo afeta cerca de 42% dos adultos portadores de
anemia falciforme (Emond et al. 1980).

Na anemia falciforme as células rigidas obstruem os pequenos

capilares e vénulas, causando isquemia tecidual, dor aguda e a lesdo



13

gradual de oOrgdos terminais. Esse componente isquémico geralmente
domina a evolugao clinica (Braunwald et al. 2002).

Uma das condi¢des do priapismo persistente ¢ determinada pela
congestdo prolongada de sangue nos sinusoides do corpo cavernoso,
podendo evoluir para uma disfungao erétil (Van der Horst et al. 2003).

Sharpsteen et al. (1993) analisando 461 pacientes com anemia
falciforme constatou que 87% dos pacientes apresentaram priapismo € no
caso de priapismo prolongado ou recidivado, 56% dos casos evoluiram

para disfungao erétil (Sharpsteen et al. 1993).
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2 JUSTIFICATIVA E OBJETIVO

Os trabalhos sobre priapismo assinalam que a disfunc¢ao erétil ¢ uma
das principais complicagdes apresentadas pelos pacientes com priapismo
isquémico (Emond et al. 1980, Sharpsteen et al. 1993, Burnett et al. 2007,
Chow et al. 2008, Yuan et al. 2008, Hekal et al. 2008,). A analise da
literatura mostrou que os trés componentes fundamentais dos corpos
cavernosos (colageno, fibras do sistema elastico e musculo liso) formam o
substrato morfologico causador da disfungdo erétil grave (Costa et al.
2006). No priapismo isquémico, os estudos mostraram, apenas de forma
qualitativa, altera¢cdes na musculatura lisa e no tecido conjuntivo (Minardi
et al. 2004, Muneer et al. 2005, Spycher et al. 1986). Portanto uma analise
quantitativa dos trés componentes se faz necessaria na tentativa de, nao
somente caracterizar de forma precisa os componentes morfologicos que
poderiam estar envolvidos no priapismo isquémico, como também
encontrar uma resposta sobre a disfuncdo erétil que frequentemente
acompanha os pacientes com priapismo isquémico.

O objetivo do presente trabalho ¢ avaliar através de métodos
quantitativos e qualitativos as possiveis alteragdes no musculo liso, fibras
do sistema elastico e colageno nos corpos cavernosos do pénis de pacientes
com priapismo isquémico e comparar estes resultados com o grupo

controle.
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3 MATERIAIS E METODOS™

Foram estudados fragmentos de corpo cavernoso provenientes de 7
pacientes com quadro de priapismo isquémico, com idade entre 26 e 55
anos (média de 38 anos), submetidos a tratamento cirargico para a
confeccdo de uma fistula glandar-cavernosa pela técnica de Al-Ghorab
(Ercole et al. 1981).

A técnica de Al-Ghorab consiste na realizacdo de uma incisao de 2
cm transversal e paralela em 1 cm a borda da glande com estabelecimento
direto da comunicacdo entre 0 corpo €sponjoso € 0s corpos cavernosos. O
fechamento subseqiiente ¢ apenas da superficie glandar em sutura continua

com mononailon fino (figura 3) (Ercole et al. 1981).

Figura 7 — Técnica de Al-Ghorab. (Lewis et al. 2002. p. 1695)

"Este trabalho foi submetido e aprovado no comité de ética em

pesquisa do Hospital Universitario Pedro Ernesto.



16

Nos pacientes analisados o tempo de evolucao do priapismo foi de
48 a 72 horas (média de 56 horas) sendo o primeiro episdédio de priapismo
diagnosticado em todos os pacientes. Técnicas menos invasivas como
puncdo / irrigagdo cavernosas ou injecdo de agentes vasoconstrictores
falharam antes da indicacdo cirtrgica. Os pacientes analisados nao
apresentavam doengas como diabetes e hipertensdo, que poderiam
contribuir para alterar a estrutura do pénis. Dois casos (28,58%) foram de
origem 1diopatica e cinco casos (72,42%) estavam relacionados a anemia
falciforme.

O grupo controle foi composto por fragmentos do corpo cavernoso,
obtidos de 7 cadaveres frescos, até 6 horas apds a morte com idade entre 36
e 57 anos (média de 42 anos), onde a causa mortis ndo estava relacionada
ao sistema urogenital.

O material foi processado para inclusao em parafina. Os cortes foram
feitos com Sum de espessura e submetidos a diferentes técnicas de
coloragdo. Inicialmente os cortes foram corados pela hematoxilina / eosina
(HE) wverificando-se a integridade do tecido. Posteriormente foram
submetidos a outras técnicas histoquimicas e imunohistoquimicas.

o  Histoquimica

Para a caracterizagdo, quantificacdo e a analise qualitativa das fibras
colagenas, foram realizados cortes corados pelo Tricromico de Masson e
pelo Vermelho de Picrosirius.

A caracterizacdao e quantificacdo das fibras do sistema elastico, foram
realizadas em cortes corados pela Resorcina-fucsina de Weigert com prévia
oxidacdo pela oxona.

o  Imunohistoquimica

As fibras musculares lisas foram evidenciadas e quantificadas pela

imunohistoquimica utilizando o anticorpo anti o Actina de musculo liso,

Zymed Laboratories. Para o anticorpo primario foi utilizado um controle
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negativo e controle positivo, usando fragmentos de tecido que apresentam
os antigenos pesquisados. A revelacdo foi feita com solugcdo de 3,3,
diamino-benzidina tetrahidrocloridro (DAB) a 0,1% em H,O,, lavados em
agua destilada, desidratado em uma serie crescente de etanol diafanizados
em xilol e montados com Ethelan.

Foram obtidos 10 cortes de cada uma das amostras e contados 10
campos por corte totalizando 100 campos por individuo para cada uma das
técnicas utilizadas.

Todos os elementos estudados foram quantificados através de
métodos estereologicos que determinam parametros tridimensionais a partir
de cortes bidimensionais (Mandarim-de-Lacerda 2003).

Os resultados foram obtidos pelo método de contagem de pontos
utilizando-se o sistema teste M-42 sobre um monitor de um computador.
De acordo com os principios estereoldgicos, a distribui¢do por area ¢
proporcional a distribui¢do por volume, quando a regido considerada ¢
homogénea (Mandarim-de-Lacerda 2003, Costa et al. 2008).

O teste t de Student ndo pareado foi utilizado para determinar se ha

diferenca significativa entre as médias dos dois grupos analisados.
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4 RESULTADOS

A tabela 1 e as figuras 4,5 e 6 apresentam os resultados quantitativos
dos diferentes elementos analisados.

Os resultados mostraram diminuicdo significativa das fibras
musculares lisas (Figuras 7). As fibras do sistema elastico assim como as
fibras colagenas monstraram aumento significativo quando comparados ao
grupo controle (Figuras 8). A analise qualitativa feita através do método de
coloragdo pelo Vermelho de Picrosirius e observada sob luz polarizada,
monstrou a existéncia de uma diversidade de tipos de coldgeno nas
trabéculas do tecido cavernoso, caracterizada pela presenga de coloragdes

variando do vermelho e alaranjado ao verde (Figuras 9).

Tabela 1 - Analise estereologica do colageno, musculo liso e fibras do sistema elastico
do corpo cavernoso de pénis de pacientes com priapismo isquémico e o grupo controle.

Musculo liso% Fibras do Sist. Coladgeno %
elastico %

Controle Priapismo Controle Priapismo Controle Priapismo

Média 43.37 26.48 28.10 36.10 34.76 39.64

DP 4.96 5.00 2.85 3.06 4.64 291

Valor de p < 0.0001 0.0012 0.0019
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Figura 4 — Anaélise estereoldgica das fibras musculares
lisas no corpo cavernoso do pénis. P< 0.0001
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Figura 5 — Andlise estereoldgica das fibras do sistema
eldstico no corpo cavernoso do pénis. P=0.0012
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Figura 6 — Analise estereologica das fibras coldgenas
no corpo cavernoso do pénis. P= 0.0019
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Figuras 7 - Fibra

Priapismo. H4 diminui¢cdo das fibras musculares lisas em pacientes com priapismo,
pode-se observar uma diminuicdo das fibras musculares lisas no grupo priapismo,
quando comparados ao grupo controle. Imunohistoquimica com anti-a-actina de
musculo liso. 200X

as 8 - Fibras do sistema elastico n
priapismo. Existe aumento de fibras do sistema eldstico (setas) em pacientes com

priapismo, quando comparados ao controle. Resorcina-fucsina de Weigert. 400X
A B

Figuras 9 — Fibras coldgenas no corpo cavernoso. A) Grupo controle, B) Grupo
priapismo. H4 predominio da cor vermelha, no grupo controle, enquanto que no grupo
priapismo ha predominio da cor verde. Vermelho de Picro Sirius observado sob luz
polarizada. 200X.
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5 DISCUSSAO

No processo de priapismo observamos uma ere¢do mantida com
auséncia de detumescéncia peniana o que corresponde a um desarranjo da
fisiologia eretora (Muneer et al. 2005, Spycher et al. 1986).

E possivel supor que a disfungdo erétil, frequentemente encontrada
em pacientes com priapismo persistente por mais de 48 horas, possa
encontrar um substrato morfolégico em modificagdes conspicuas nos
diferentes elementos da matriz extracelular dos corpos cavernosos do pénis.
Uma andlise quantitativa desses elementos pode trazer uma contribui¢ao
para se entender melhor os efeitos do priapismo sobre 0s corpos cavernosos
do pénis e disfuncao erétil.

O mecanismo necessario para se alcangar o estado flacido, e sua
permanéncia, envolve a contracdo da musculatura lisa. Por isso ela ¢ a
estrutura de maior importancia no processo de ere¢do e detumescéncia
(Van der Horst et al. 2003).

Muneer et al. (2005), assinalam que durante o priapismo, o tecido
cavernoso sofre hipdxia, acidose e glicopenia. Segue-se uma infiltracao de
células inflamatdrias e proliferacdo de fibroblastos, resultando em necrose
do musculo liso dos corpos cavernosos € o aparecimento de fibrose em
diferentes graus (Hekal et al. 2008, Muneer et al. 2005, Ralph et al. 2008).
Esta substituicdao de tecido erétil normal por um tecido fibrético deve estar
diretamente envolvida na génese do distarbio erétil tardio que
frequentemente acompanha os pacientes com priapismo (Muneer et al.
2005, Ralph et al. 2008). Segundo Spycher et al. (1986) ¢ Muneer et al.
(2005) ¢ possivel observar, apos 24h de evolu¢ao do priapismo isquémico,
uma necrose focal da musculatura lisa ¢ a sua transformagao em células

fibroblasto-like (Hekal et al. 2008, Ralph et al. 2008). Essas observagoes
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poderiam justificar a redu¢do marcante do componente muscular (16,89%)
quando analisado num tempo superior a 48 horas de evolucdo como foi o
caso no presente trabalho.

As fibras do sistema eldstico foram também significativamente
afetadas apresentando um aumento de 8%. E possivel supor que a isquemia
que gera a transformacao de células musculares lisas em células fibrobasto-
like também seja a causa do aumento de fibras do sistema elastico no corpo
cavernoso, o que poderia contribuir para promover a detumescéncia
peniana como ocorre na tinica albuginea, onde as fibras do sistema elastico
sd0 co-responsaveis por promover uma rapida e adequada recuperagdo do
estado de detumescéncia (Hsu et al. 2006). O comportamento das fibras do
sistema elastico parece ser sui generis manifestando-se de forma diferente
dependendo do estimulo recebido. Costa et al. (2006), analisando o sistema
elastico num estudo sobre disfuncdo erétil grave, no qual o priapismo ndo
foi incluido na amostra, mostrou que estas fibras diminuem
significativamente. Isto nos leva a supor que o mecanismo de reagdo do
tecido erétil, com relagdo as fibras do sistema eldstico, ¢ peculiar no
priapismo isquémico.

O aumento do colageno foi estatisticamente significativo nos
pacientes analisados, porém proporcionalmente menor, quando comparado
aos outros elementos estudados: sistema eldstico e musculo liso. O
colageno apresentou um aumento de 4,8%, caracterizando o aparecimento
de fibrose. Esta transformacgdo parece ocorrer em um tempo relativamente
curto. Em nosso grupo de pacientes o tempo de evolugdo variou de 48 a 72
horas sendo este o primeiro episodio de priapismo. Costa et al. (2006) e
Luangkhot et al. (1992), assinalaram o fato de ndo ocorrer um aumento
significativo no conteido de colageno no tecido cavernoso de pacientes
com disfuncao erétil. No entanto, estes estudos ndo enfocaram o priapismo

isquémico como fator etiologico da disfuncdo sexual erétil. A isquemia
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tecidual € conhecida como fator estimulador da producao de colageno. A
transformacao de células da musculatura lisa em células fibrobasto-like
como foi descrito anteriormente, também poderia ter um papel relevante
neste processo justificando o aumento do colageno nos pacientes analisados
(Spycher et al. 1986).

A observacao qualitativa, através da microscopia de polarizagao, dos
cortes corados pelo Vermelho de Picrosirius, mostra diferentes cores sobre
as trabéculas do corpo cavernoso. A predominancia da cor verde observada
nos cortes dos pacientes com priapismo nos permite supor, que existe
maior quantidade de um tipo de colageno, possivelmente o coldgeno tipo
[I1. O grupo controle se caracterizou por uma cor que varia do vermelho a
vermelho alaranjado e que seria possivelmente o colageno tipo 1. Parece,
portanto, ocorrer um turnover importante, com um processo ativo de
formacao de colageno no grupo de pacientes com priapismo.

Os resultados apresentados no presente trabalho mostram que o
priapismo isquémico esta associado a significativas alteragdes nos
componentes dos corpos cavernosos, principalmente pela diminui¢do da
musculatura lisa. Este processo parece iniciar-se precocemente, tendo sido
observado no presente trabalho apos as primeiras 48 horas de evolucao.

Sabemos que o tempo de evolugdo do priapismo isquémico ¢ o
principal fator de risco para o desenvolvimento de disfuncdo erétil (El-
Bahnasawy et al. 2002, Minardi et al. 2004). Portanto a analise e os
resultados aqui apresentados corroboram morfologicamente para que o
tratamento do priapismo isquémico deva ser baseado em uma abordagem
agressiva e precoce, visando a detumescéncia peniana e o restabelecimento

de uma adequada oxigenacao tecidual.
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6 CONCLUSAO

O presente estudo mostrou que o priapismo isquémico esta associado
a diminuicdo da musculatura lisa, aumento das fibras do sistema elastico
assim como alteragdes no colageno dos corpos cavernosos de pacientes
com priapismo isquémico. Estas observacdes poderiam explicar a
disfuncao erétil que ocorre frequentemente em pacientes com este tipo de

priapismo.
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ANEXO A — Termo de consentimento informado

Universidade do Estado do Rio de Janeiro

Centro Biomédico

P6s Graduacdo em Fisiocirurgia e Ciéncias Cirurgica
Hospital Municipal Souza Aguiar - Servico de Urologia

Termo de Consentimento Informado

TITULO DO PROJETO: ESTUDO ESTRUTURAL DO CORPO CAVERNOSO DO PENIS DE
INDIVIDUOS COM PRIAPISMO DO TIPO VENOCLUSIVO.

O Sr. vai ser submetido a uma cirurgia para o tratamento de priapismo.
Normalmente, durante esta cirurgia, retira-se um fragmento que depois é enviado para
exame histopatologico, procedimento de rotina para o servico de Anatomia Patologica,
para inclusdo em estudos de rotina e arquivamento.

Gostariamos de solicitar ao senhor que tenha a gentileza de nos autorizar a
estudar um fragmento do material doente que sera extraido durante a cirurgia a qual o
Sr. sera submetido.

Esta extragdo sera feita durante a cirurgia e ndo implicara em aumento do tempo
de cirurgia nem alterara os resultados operatorios.

Sera respeitado o0 segredo médico e sua identidade ndo sera revelada.

O grupo de médicos e professores que estdo fazendo parte deste trabalho estardo
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Abstract

The purpose of the present study was to evaluate through quantitative and
qualitative methods, the changes in the corpora cavernosa of patients with
ischemic priapism. We obtained samples of corpora cavernosa from 7
patients with ischemic priapism, aged between 28 and 44 years (mean =
38), who underwent a cavernosal-glandular shunt. The control tissues were
fragments of corpora cavernosa obtained from autopsies of 7 age-matched
men who died of causes not related to the urogenital tract. Histochemical
and immunohistochemical techniques were used to assess and quantify the
extra-cellular matrix and smooth muscle fibers. The volumetric density of
smooth muscle, elastic fibers and collagen were determined in corpora
cavernosa. The stereological analysis showed the following values of
volumetric density in the structures studied. Collagen: controls = 34.76 +
4.64, priapism = 39.64 £ 2.91 (p = 0.0019); elastic system fibers: controls
28.10 = 2.85, priapism 36.10 = 3.06 (p = 0.0012), smooth muscle fibers:
controls = 43.37 £+ 4.96, priapism = 26.48 £ 5.00 (p < 0.0001). Our results
demonstrated a significant increase in the fibrous elements of the
connective tissue and a significant decrease of smooth muscle fibers in the
corpora cavernosa of patients with ischemic priapism, when compared to
controls. As conclusion, this study showed that ischemic priapism is
associated with early significant changes in the components of the extra
cellular matrix and smooth muscle fibers of corpora cavernosa. This could
explain the frequent occurrence of erectile dysfunction found in patients
with ischemic priapism.

Keywords: penis; priapism; erectile dysfunction; smooth muscle;
extracellular matrix; stereology/quantification
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Introduction

Priapism is defined as a pathological condition of prolonged and
persistent painful erection of the penis not associated with sexual
stimulation and desire (1-3). Persistent erection is caused by blood
congestion in the corpora cavernosa sinusoids, which usually are bilaterally
involved, with no involvement of the corpus spongiosum (3). Priapism is a
urologic emergency and may evolve towards erectile dysfunction, even
after effective treatment (1-7).

Priapism is classified as ischemic, low-flow or veno-occlusive and as
high flow, non-ischemic or arterial. The first type is the most common
accounting for 80% to 90% of cases. Ischemic priapism is related to
intracavernous congestion by high-viscosity blood, due to low levels of O2
and high levels of CO2, which leads to a significant impact on tissue
oxygenation (4,6). In contrast, high-flow priapism is usually associated
with arteriovenous fistula (traumatic or iatrogenic) and with normal levels
of 02, and, therefore, does not lead to an important effect on tissue
oxygenation (8).

Ischemic priapism is often idiopathic, being the secondary causes
often associated with different etiologies. In a study involving a review of
230 cases of priapism, 35% corresponded to idiopathic cases distributed as
follows; 21% associated with alcohol or drug abuse, 12% with perineal
trauma, 11% with sickle cell anemia and 8% with inflammatory disease of
the genital tract (9). The use of intracavernous vasoactive drugs is also
linked to the risk of prolonged erections. It is estimated that the risk 1s 0.4%
to 1.7% for the use of prostaglandins and may reach up to 15% with the use
of papaverine (10). In prolonged and recurrent cases, the rate of erectile

dysfunction can be as high as 56% (11).
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The majority of cases of ischemic priapism occur in patients aged
between 16 and 45 years old, being idiopathic in most cases. In young
patients, with hematologic diseases as sickle cell anemia, the first episode
of priapism can occur between 15 and 20 years old, and in 75% of cases,
the first episode occurs before 20 years old (12). Priapism is among the
most frequent manifestation of sickle cell disease, affecting between 42%
and 87% of the patients (11-13). Several studies have shown that erectile
dysfunction is the most serious complication of ischemic (low-flow)
priapism (1-4,14,15). A literature review shows that most studies regarding
the alterations of low-flow priapism focused only on the smooth muscle as
the pathological substrate for erectile dysfunction and did not in fact,
examine other important elements that could also contribute to erectile
dysfunction.

In most cases, erectile dysfunction, which occurs frequently in
patients with priapism lasting for more than 48 hours, can have a
morphological substrate with conspicuous changes in the different elements
of penile corpora cavernosa. A detailed study concerning these elements
could contribute to a better understanding of the effects of priapism in the
corpora cavernosa. The aim of this work was to evaluate, based on
quantitative and qualitative methods, the structural changes in the penile
corpora cavernosa of patients with ischemic priapism and compare these

results with those found in the penile samples of age-matched controls.
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Patients and Methods

The present work received institutional review committee approval and was
carried out in accordance with the ethical standards of the responsible
institutional committee on human experimentation.

Samples from 7 patients with ischemic priapism aged between 28
and 44 yearsold (mean = 38), underwent surgery to obtain a cavernosal-
glandular shunt (Al-Ghorab technique) (16).

The priapism in the analyzed patients lasted from 48 to 72 hours
(mean = 56), and it was the first episode in all cases. Minimally invasive
techniques like puncture and cavernosal irrigation or injection of
vasoconstrictor agents have been used without success before surgery.

None of the patients presented previous history of diabetes or
hypertension, which could have led to alterations in the normal penile
structure. Two cases (28.58%) were idiopathic and 5 cases (72.42%) were
related to sickle cell disease.

The control group was composed of samples from corpora cavernosa
obtained from autopsies, until 6 hours after death, of 7 age-matched
subjects, who died of causes not related to the urogenital tract. The tissue
samples of corpora cavernosa were immersed in PBS formalin fixative (pH
7.2) for 24 hours and then routinely processed for paraffin embedding.
Sections of 5-um thick were obtained and all samples were initially stained
with Hematoxylin-Eosin and analyzed by a pathologist to confirm the
tissue integrity. Then, the samples were processed using histochemical and
immunohistochemical techniques, as follows: Masson’s trichromic and
Picrosirius red to evidence and quantify the collagen, and Weigert resorcin-
fuscin with previous oxidation to demonstrate the elastic system fibers.

Smooth muscle fibers were shown by Masson’s trichromic and
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immunohistochemical analysis. We used the anti-alpha actin antibody
(Zimed Laboratories). All elements evaluated were quantified by
stereological methods previous described (17). Briefly, for each individual
and each histological staining technique, 10 sections of corpus cavernous
were obtained, and for each section, 10 fields were analyzed. All images
were photographed with a digital camera directly coupled to a microscope
at X200. The volumetric density (Vv) of histological structures was then
evaluated by superimposing an M-42 test system on the digital images
following techniques that have been described in detail elsewhere (17). The
non-paired Student’s t-test was used to determine the differences between

the groups.
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Results

Table-1 shows the results of the different elements analyzed.

The stereological quantification in the corpora cavernosa showed that
the Vv of smooth muscle fibers was significantly decreased in patients with
priapism (Figure-1). In contrast, there was a significant parallel increase in
the Vv of elastic system fibers in priapism patients (Figure-2). Also, a
significant increase in Vv of collagen was found in patients with priapism
when compared with controls. The qualitative analysis of Picrosirius red
stain, observed under polarization, revealed the existence of diverse
collagen types in the corpora cavernosa trabeculae, with a predominance of
green color collagen (increased collagen turnover) in patients with
priapism, and a predominance of red color collagen (stable collagen state)

in the control group (Figure-3).
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Discussion

In priapism, a sustained erection followed by no penile
detumescence, corresponding to a breakdown in the physiology of erection,
occurs (4,18).

Corpora cavernosa smooth muscle fibers are of utmost importance
for normal erection and detumescence. Smooth muscle relaxation is
necessary to achieve erection, whereas corpora cavernosa smooth muscle
contraction is necessary to obtain detumescence (4). Muneer et al. reported
that in priapism, the cavernous tissue suffers hypoxia, acidosis and
glycopenia (18). Subsequently, an infiltration of inflammatory cells and
proliferation of fibroblasts occur, resulting in necrosis of smooth muscle
cells in the corpora cavernosa with development of different grades of
fibrosis (7,18). The normal smooth muscle replacement by fibrosis, in most
cases, should be directly involved in erectile dysfunction that often occurs
in patients with priapism (6,16). According to Spycher et al. (19) and
Muneer et al. (18), it is possible to observe a focal necrosis of smooth
muscle cells and their transformation into fibroblast-like cells after 24 h of
priapism development. These observations could explain the marked
decrease in the muscular component that we found in the present study,
when the patients were analyzed after more than 48 h of priapism
evolution.

Interestingly, the elastic system fibers were also affected, showing a
significant increase. We can speculate that the ischemia that causes the
transformation of smooth muscle cells in fibroblast-like cells, could also be
the cause of the increase in corpora cavernosa elastic fibers. This
phenomenon could help to promote detumescence, which occurs in the

penile tunica albuginea, where the fibers of the elastic system are
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coresponsible for promoting detumescence (20). The response of elastic
system fibers to different stimuli could be manifested in different ways.
Costa et al., analyzing the elastic system fibers in a study on severe erectile
dysfunction, in which patients with priapism were not included, showed
that the elastic fibers were significantly decreased (21). This suggests that
the reaction mechanism of elastic system fibers is a particular characteristic
of ischemic priapism. The increase in corpora cavernosa collagen content
was statistically significant in the patients studied; nevertheless, it was
proportionally lower when compared to the other histological features
assessed (elastic system and smooth muscle fibers). Collagen content
showed an increase of 4.8%, with concomitant occurrence of fibrosis,
which seems to occur in a relatively short period of time. Costa et al. (21)
and Luanghot et al. (22), reported that there was no significant increase in
collagen content in corpora cavernosa of their patients with erectile
dysfunction. However, these studies did not focus on ischemic priapism as
the etiological factor of erectile dysfunction. Tissue ischemia is a well
known factor for stimulating collagen production. The transformation of
smooth muscle cells in fibrobast-like cells, as described previously (19),
could also play a significant role in this process, justifying the increase in
collagen content in the patients studied.

The qualitative analysis of Picrosirius stain sections observed under
polarization showed different collagen colors on the trabeculae of the
corpora cavernosa, for priapism patients and controls. The predominance of
green color collagen in patients with priapism would signify an increase in
collagen turnover, with an active process of collagen formation. On the
other hand, we found a predominance of red color collagen in controls,
which implies a stable collagen state.

Our results demonstrated that ischemic priapism is associated with

significant changes in corpora cavernosa components, mainly as regards
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the occurrence of tissular fibrosis and decrease in smooth muscle cells. The
alterations seem to appear at a very early stage, as observed in our study
after the first 48 h of priapism evolution.

We know that the evolution period of ischemic priapism is the main
risk factor for the development of erectile dysfunction (5,14). The analysis
of our results morphologically corroborate that the treatment of ischemic
priapism should be carried out at a very early stage, in order to restore
penile tissue oxygenation, and possibly avoid the structural alterations

observed.
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Conclusion

The significant changes observed in corpora cavernosa extracellular
matrix and smooth muscle cells, mainly smooth muscle decrease and
elastic system fibers increase, as well as collagen alterations, could explain
the frequent occurrence of erectile dysfunction found in patients with

1schemic priapism.
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Table 1 — Stereological analysis of smooth muscle cells. elastic system fibers and

collagen fibers, in corpora cavernosa of patients with ischemic priapism and controls.

Smooth Muscle Fibers %o Elastic System Fibers %o Collagen %o
Priapism Control Priapism Control Priapism Control
Mean 26.48 43.37 36.10 28.10 39.64 34.76
SD 5.00 4.96 3.06 2.85 2.91 4.64
p Value < 0.0001 0.0012 0.0019

SD = standard deviation
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Figure 1 - Smooth muscle cells in corpora cavernosa. A) Priapism, B) Control. This shows a
decrease in smooth muscle cells in patients with priapism when compared to controls.

Immunohistochemistry with anti-human alpha—actin. X200.

Figure 2 - Elastic system fibers in corpora cavernosa. A) Priapism, B) Control group. This

shows an increase in elastic fibers (arrows) in patients with priapism when compared to controls.

Weigert’s resorcin-fucsin, X400.
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Figure 3 - Collagen in corpora cavernosa. A) Priapism, B) Control group. This shows a

predominance of red color in the control group, while in the priapism group there is a

predominance of green color. Picrosirius red observed under polarization, X200.
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ABSTRACT

Data on the side effects of pelvic radiotherapy on penile tissue are mostly qualitative and long-term,
and lack information on the extracellular matrix. Here we quantitated the short-term effects of pelvic
radiation on the trabeculae of the rat corpus cavernosum and investigated whether L-glutamine
(GLN), which protects intestinal tissue against radiation-induced lesions, has similar effects on the
penis. Groups of adult Wistar rats containing ten animals each received: (a) no radiation and no GLN,
and were used as controls; (b) one dose of radiation; and (c) radiation and GLN supplementation. All
animals were sacrificed seven days after radiation. The penile proximal shaft was paraffin embedded
and stained with Masson's trichrome for smooth muscle and connective tissue, and with Weigert's
resorcin-fuchsin for elastic fibers. Stereological quantitations were done as volume fraction (Vv).
Collagen organization was measured as a red/green ratio using the Picrosirius-polarization staining
method and color analysis software. After radiation, Vv of smooth muscle increased by 40.8%
compared with controls (13.62 + 2.96% vs 9.67 + 2.52%; p < 0.05), while Vv of connective tissue and
of elastic fibers were unchanged among the groups. The collagen red/green ratio was reduced by
54.1% in animals submitted to radiation only (6.10 + 2.69 vs 2.80 + 1.27; p < 0.05). None of these
changes were prevented by GLN supplementation. In conclusion, these short-term cavernosal
alterations following pelvic radiation imply early inflammatory and repair reactions which might

affect the normal functioning of the erectile tissue. GLN does not prevent these injuries.



INTRODUCTION

External beam radiation therapy has been a mainstay in the management of malignant tumors of the
pelvis (1). Although the anatomical area receiving the treatment is calculated to be as restricted as
possible to reduce side effects, tissues adjacent to the target tumor may nonetheless be affected. In the
case of prostate cancer, structures such as the small and large bowels (2) and the genitourinary tract
(3) are often and undesirably injured by radiation. As a consequence, gastrointestinal and
genitourinary complications may occur, in addition to pelvic abscesses and thrombophlebitis (4). The
corpus cavernosum tissue and the hemodynamic properties of the penis may be altered as well
(5,6,7,8), and complications include a high incidence of erectile dysfunction, which may affect as
much as 59% of patients undergoing radiotherapy (8,9). In fact, attempts to optimize positioning and

other physical parameters of radiation have been made specifically to decrease this incidence (10).

Ultrasonographic studies suggest that erectile dysfunction following pelvic radiotherapy has an
arteriogenic cause (6,7) and involves mainly penile proximal structures (9). However, other factors
may be at play, as physiological alterations in the erectile tissue itself have also been reported. For
example, it has been shown that, in the corpus cavernosum, radiation affects the expression of myosin
isoforms in humans (11) and the density of nitric oxide-positive nerves in rats (12). The corpus
cavernosum also undergoes morphological alterations as a result of radiation, including irregularities
in blood vessel wall, loss of endothelial cells (13), and a decrease in smooth muscle (12). These
evaluations, however, are mostly qualitative and long-term, so that the magnitude, significance, and
early course of the alterations are still unsettled. In addition, these investigations lack more detailed
information on the trabecular extracellular matrix, whose integrity is pivotal for normal penile

function during erection (14,15).

Part of these radiation-induced modifications in the penile tissue may be mediated by free radical
stress, and treatment of rats with melatonin, a hormone with antioxidant and immunostimulatory

activities, can revert acute phase damages to vascular walls in the corpus cavernosum (13).



Nutritional supplementation with certain aminoacids, administered before and after radiotherapy
sessions, also protects against the deleterious effects of radiation. For example, experiments with
irradiated rats have shown that L-glutamine, which enhances the healing of injured mucosae (16),
prevents the appearance of early intestinal alterations (17,18). However, there is no data on whether

this aminoacid can protect the corpus cavernosum from being injured by radiation.

The objective of this study was thus to assess the short-term effects of pelvic radiation on the corpus
cavernosum of the rat penis. We focused the analysis on major cavernosal components that are
involved in erection, such as smooth muscle cells and extracellular matrix fibrillar proteins, and used
quantitative histological and image analysis techniques. We also investigated whether L-glutamine

supplementation has protective effects against radiation-induced penile injuries.



MATERIALS AND METHODS

The Ethics Committee on Animal Research of the State University of Rio de Janeiro reviewed and

approved this study.

Animals and treatments

Thirty male Wistar rats aged from three to four months were randomly assigned to one of the
following groups of ten animals each: (a) controls, which consisted of non-irradiated, non-treated
animals; (b) irradiated-only rats; and (c) irradiated rats receiving L-glutamine supplementation.

Animal housing and maintenance conditions were as described elsewhere (18).

Previous investigations have characterized a rat model of single-dose, pelvico-abdominal radiation
that causes extensive short-term morphological and functional damage to the intestinal tissue, most of
which can be prevented by L-glutamine nutritional supplementation (17,18). These established
experimental protocols of radiation and treatment were thus used herein to ascertain whether the
penile tissue is also affected. Briefly, immobilized animals were exposed in one session to a total dose
of 10 Gy using a 10 MeV photon beam generated by a linear accelerator (Clinac 2100C, Varian, Palo
Alto, USA). The dose was delivered at a source-to-skin distance of 100 cm, at a rate of 2.4 Gy/minute
for 4.16 minutes, and was aimed at the pelvico-abdominal region, whereas other fields were shielded
off. L-glutamine (Resource Glutamine, Novartis, Rio de Janeiro, Brazil) was prepared as a 4%
aqueous solution and was administered once a day by gavage at a dose of 0.65 g per kg of body
weight, starting seven days before radiation and continuing until sacrifice. The groups that were not
under L-glutamine supplementation received, also by gavage, a corresponding volume of water for

the same period. All animals were sacrificed seven days after radiation by ether inhalation.

Tissue preparation and histological techniques



Shortly after sacrifice, the penile proximal shaft up to the flexure was excised, and from this segment
the mid-third was obtained and used in all analyses. Thus, the region under study was located close to
the penile basis. Samples were briefly rinsed in 0.9% NaCl, immediately fixed in 10% formalin
prepared in PBS, and then routinely processed for paraffin embedding. Tissue sections were 5-pm
thick and were perpendicular to the long axis of the penile shaft. The sections were stained with
Masson's trichrome for the detection of smooth muscle and connective tissue, and with Weigert's
resorcin-fuchsin technique with previous oxidation by peracetic acid to label all fibers of the elastic
fiber system (19). The arrangement and aggregation of the connective tissue was assessed by
Picrosirius red (Direct Red 80, Sigma-Aldrich 365548, Saint Louis, MO, USA) staining followed by
examination of sections under polarized light, which highlights collagen fibers in shades of yellow,
orange, red, and green on a dark field background (19). The specificity of the histochemical staining
of elastic fibers and smooth muscle was confirmed by immunolabeling with antibodies against elastin
(monoclonal, E 4013, Sigma, Saint Louis, MO, USA) and smooth muscle alpha actin (Zymed
Laboratories, 08-0106 predilute antibody, Carlsbad, CA, USA), respectively, as previously described

(20).

Image analysis and stereology

All tissue sections were photographed under the same conditions and at a resolution of 2040 X 1536
pixels, with a digital camera (Olympus DP70, Tokyo, Japan) directly coupled to the microscope

(Olympus BX51, Tokyo, Japan), and stored in a TIFF file format.

In sections treated by the Picrosirius-polarization method and captured at a final magnification of
X200, the surface area occupied by the different color birefringences of collagen were separately
measured using a color-based computer technique (21). Thus, these areas were determined as the
number of pixels in either the yellow-orange-reddish (R) or greenish (G) color ranges. For each
image, a R/G ratio was then calculated by dividing these two areas. Five random fields were analyzed

per animal, from which a mean individual ratio was calculated.



Stereological evaluation of the contents of smooth muscle and connective tissue was carried out at a
final magnification of X200, while for elastic fibers images were captured at X1000. The ImageJ
version 1.41 software (NIH, Bethesda, USA), loaded with its own Grid_.class plugin
(http://rsb.info.nih.gov/ij/plugins/), was used to generate a grid probe containing 100 points, which
was superimposed on the digital photographs of the corpus cavernosum so as to totally include the
cavernosal tissue but excluding the tunica albuginea. Thus the reference space included only
trabeculae and sinusoids. Volume fraction (Vv) of cavernosal smooth muscle, connective tissue, and
elastic fibers was then determined by point counting and expressed as percent of the reference space
(22). Each stereological variable was measured on five random fields per section, and on five sections
per animal. The 25 values thus obtained were then used to determine the individual mean value for

each animal, from which group means were calculated.

Statistics

Statistical procedures followed Sokal and Rohlf (23). Differences among groups for each of the
quantitative parameters were analyzed by one-way ANOVA, which was followed by pairwise
planned comparisons using the Bonferroni method for multiple comparisons. All results are reported

as means = their standard deviations (SD), and statistical significance was considered when p<0.05.



RESULTS

The Vv of cavernosal smooth muscle was significantly affected by the experimental conditions (p <
0.025) (fig. 1A). Thus, after radiation, the relative amount of smooth muscle increased by 40.8%
compared with control animals (13.62 + 2.96% vs 9.67 + 2.52%; p < 0.05). In irradiated animals
supplemented with glutamine, smooth muscle Vv was increased by a similar amount (15.27 + 3.86%;
p < 0.05) with regard to controls, but this value was not significantly different from that of irradiated-
only animals. Therefore, enlargement of smooth muscle in the corpus cavernosum induced by

radiation was not prevented by glutamine supplementation.

Vv of connective tissue as a whole (fig. 1B) and of elastic fibers (fig. 1C) in the cavernosal tissue
were unchanged among the groups. Thus, irradiated-only animals had similar values of connective
tissue (63.18 + 4.97%) and elastic fibers (19.31 + 3.57%) compared with the controls (61.39 + 6.01
and 18.31 + 2.11%, respectively). In irradiated animals which received glutamine supplementation,
connective tissue (65.28 + 9.85%) and elastic fibers (19.65 + 3.93%) were likewise unaffected as

compared with the non-irradiated and irradiated-only groups.

The organization of collagen was investigated by staining corpus cavernosum samples with
Picrosirius red and observing the tissue sections under polarized light. The obtained images revealed
that, in the irradiated groups (figs. 2B and 2C), the relative amount of greenish birefringence was
greater than in control animals (fig. 2A). Also, the color patterns of the two irradiated groups were
essentially similar. These findings were confirmed by using color-based computer analysis to
quantitate the surface area occupied by the different colors produced by this staining technique. The
results were calculated as a R/G ratio, which showed that the organization of cavernosal collagen
fibers was significantly affected in the irradiated groups (p < 0.005) (fig. 1D). Accordingly, and
compared with the controls, this ratio was reduced by 54.1% in the animals that were submitted to
radiation only (6.10 + 2.69 vs 2.80 + 1.27; p < 0.05). Values for the irradiated animals receiving

glutamine supplementation (2.60 + 0.98) were not significantly different from this latter group, but



were similarly reduced (p < 0.05) compared with controls. Thus, and as with smooth muscle,
radiation led to changes in the organization of cavernosal collagen, but this effect was not prevented

by glutamine supplementation.
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[ FIGURE 1 ]

Figure 1. Histological analysis of the rat corpus cavernosum using quantitative methods. The relative
amounts of smooth muscle (A), connective tissue (B), and elastic fibers (C) were determined by point
counting on a stereological grid and are expressed as volume fraction (%) of cavernosal tissue. The
arrangement of collagen (D) was determined by color-based image analysis of sections stained by the
Picrosirius-polarization method and is expressed as a ratio between the yellow-orange-reddish and
greenish areas (R/G). Bars represent mean and standard deviation of ten animals each in the control
(Contr), irradiated only (Irrad), and irradiated plus glutamine supplementation (Irrad+Glu) groups.
Data were analyzed by one-way ANOVA followed by pairwise comparisons using the Bonferroni

test. (*) indicates significantly different from the control group, p < 0.05.
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[ FIGURE 2 ]

Figure 2. Arrangement and organization of collagen in the trabeculae of the rat corpus cavernosum as
revealed by the Picrosirius-polarization method. Collagen fibers are specifically highlighted in shades
of yellow, orange, reddish, and greenish birefringence as shown in representative sections from
animals in the control (A), irradiated only (B), and irradiated plus glutamine supplementation (C)
groups. The dark field background is the vascular lumen of the cavernosal sinusoids. Images were

captured at an original magnification of X200, and the scale bar represents 100 pm.
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DISCUSSION

The trabeculae of the corpus cavernosum are made up of endothelial cells, smooth muscle cells, and a
dense extracellular matrix that contains mostly fibrillar proteins such as collagen and elastic fibers
(20,24,25). These components play important and different roles during erection, and alterations in
their structural organization is thought to be one of the key pathophysiological events underlying
erectile dysfunction (14). Relaxation of trabecular smooth muscle, for example, is one of the initial

steps of normal erection, elevating blood flow and pressure in the cavernosal vascular spaces (15).

Trabecular smooth muscle, however, was significantly increased seven days after one dose of
radiation aimed at the pelvic region, as shown by our results. On the other hand, in the long run the
effects may be different, as findings using this same rat model showed that smooth muscle in the
corpus cavernosum was visually decreased five months after a single dose of radiation (12). Thus, our
results showing an enlargement of smooth muscle may be a short-term effect of radiation on the cells
of this tissue. Indeed, if arterial tissue is subjected to radiation, the resulting acute injuries are marked
by an enhanced release of the mitogen PDGF and by an ensuing smooth muscle cell proliferation
(26). Because the corpus cavernosum is a vascular tissue and cavernosal cells in the rat express PDGF
subunits and receptor (27), a similar inflammatory mechanism might be responsible for the increase

in smooth muscle in our irradiated animals.

In addition to affecting relaxation of the corpus cavernosum, this short-term increase in trabecular
smooth muscle cells may have other negative impacts on erection. Accordingly, we have shown
previously that these cells in the rat corpus cavernosum are arranged as a subendothelial layer,
whereas in humans they are more homogeneously distributed in the trabeculae (20). Further,
preliminary data obtained in our laboratory indicate that, in the aged rat, when there is already a loss
of sexual function (28), this smooth muscle layer is markedly thicker and the sinusoidal vascular
space is diminished (29). As the amount of trabecular connective tissue and of elastic fibers was

unchanged in the irradiated groups, as per our results, the 40% increase in smooth muscle after this
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treatment should lead to a corresponding reduction in the lumen of the cavernosal sinusoids. This
alteration should then have adverse effects on blood flow and other erection-related characteristics of
the corpus cavernosum. Indeed, clinical exams indicate that there are hemodynamic changes in the

corpus cavernosum of men who have been submitted to pelvic radiation therapy for prostate cancer

7).

As mentioned above, smooth muscle relaxation is necessary to initiate erection. Once the corpus
cavernosum starts to expand, its noncircular cross section is maintained by the trabeculae, thereby
decreasing compressive forces that are exerted on the corpus spongiosum (15). This function of the
trabeculae of limiting expansion should therefore depend directly on the non-distensible collagen
fibers thereof. However, and although the overall amount of trabecular connective tissue was
unchanged by radiation, our results using the Picrosirius-polarization method revealed a significant
shift in the staining pattern from yellow-orange-reddish to a more greenish birefringence. This
staining change typically occurs in places of the connective tissue that are undergoing collagen
degradation and/or repair due to recent injury and inflammatory process, and is indicative of a looser
matrix (19,30,31). Thus, such an alteration in the cavernosal collagen fibers as a result of radiation
might impair the expansion limiter function of the trabeculae, which would in turn compromise the

inflation and normal functioning of the urethra during copulation.

A radiation model similar to the one used in the present investigation induced vascular alterations in
the rat penis, and the fact that antioxidant treatment prevented these lesions strongly indicates that
they are mediated by free radicals (13). Moreover, it has been shown both in vivo (32) and in vitro
(33) that free radicals can directly degrade collagen fibers. Because our results suggest an enhanced
turnover of trabecular collagen following pelvic radiation, this alteration in the corpus cavernosum
might be mediated, at least in part, by free radicals. It should also be mentioned that an acutely
degraded and/or disrupted extracellular matrix should lead, in the long run, to the formation of a
fibrotic tissue. Interestingly, a Peyronie's disease patient submitted to radiotherapy presented

extensive fibrosis in the corpus cavernosum five months after treatment (5).
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In general, complications or side effects of radiotherapy are treated conventionally, but occasionally
surgical intervention is necessary (4). There is more recent experimental evidence, however,
indicating that treatment with certain aminoacids may have a protective effect against radiation-
induced injuries. For example, investigations using the same radiation protocol as described herein
have shown that nutritional supplementation with L-glutamine alone protects against intestinal
injuries in rats. Thus, this aminoacid caused a marked decrease in bacterial invasion into the intestinal
wall and prevented decreases in the height and density of jejunal/ileal villi and in the thickness of the

colonic mucosa (17). L-glutamine also prevented a decrease in the thickness of the colonic wall (18).

In spite of its beneficial effects on the intestinal wall, L-glutamine did not prevent the adverse effects
of radiation on cavernosal smooth muscle and collagen, as shown by our results. When comparing
these effects, however, differences between the intestinal wall and the corpus cavernosum should be
taken into account. The short-term protective effects on the intestinal epithelium may be attributed to
a topical effect of L-glutamine, which itself stimulates proliferation of these cells (16). Such an effect
is less likely to affect cells in the corpus cavernosum. On the other hand, a protection against a
decrease in the volume of both the colonic wall and of its smooth muscle layers (18) suggests a more
systemic effect of L-glutamine. This aminoacid, however, was ineffective in preventing smooth
muscle enlargement in the corpus cavernosum after radiation. Such a differential effect of L-
glutamine might be attributed to a metabolic heterogeneity among smooth muscle cells, which are
known to have different proliferative responses and react differently to drugs depending on their

tissue of origin (34).

In conclusion, the short-term adverse effects of pelvic radiation on the rat corpus cavernosum include
smooth muscle growth and a disruption of trabecular collagen. These alterations imply early
inflammatory and repair reactions which may affect the normal functioning of the erectile tissue. L-

glutamine, which protects intestinal tissue against radiation, did not prevent these injuries.
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