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RESUMO

Introducdo: Envelhecimento é um processo que culmina na reducédo funcional de
guase todos os 6rgdos e sistemas. A bexiga urinaria tem por funcdo armazenar e
eliminar urina ciclicamente. No envelhecimento, a bexiga apresenta decréscimo na
capacidade em perfazer seu ciclo normal de enchimento, armazenamento e esvaziamento,
manifestando-se como complacéncia reduzida, aumento do residuo vesical pés-miccional,
além de hiperatividade detrusora e contratilidade prejudicada. Embora identifiquemos os
processos fisioldgicos envolvidos no envelhecimento da bexiga urinaria, 0s mecanismos
pelos quais estes eventos ocorrem permanecem incertos. Objetivos: avaliar
guantitativamente as mudancas nos colagenos tipos | e Ill no envelhecimento da bexiga
urinaria. Métodos: 72 ratos Wistar machos foram divididos em 6 grupos de 12 animais
cada, e sacrificados em uma idade determinada: 3, 6, 9, 12, 18 e 24 meses. Apos a
eutanasia, a bexiga urinéria foi retirada e realizado estudo estereoldgico através da técnica
Picrosirius com analise microscopica sob luz polarizada, para andlise da densidade
volumeétrica (frequéncia relativa) das fibras colagenas tipos | e Ill. Resultados: A maior
densidade volumétrica de colageno tipo | ocorreu no grupo de 12 meses (19,81%), e
a menor no grupo de 6 meses (8,08%, p<0,05). Para o colageno tipo Ill, houve um
aumento subsequente da frequéncia relativa dos grupos de 3, 6 e 9 (média maxima
aos 9 meses, com 3,62% da composicao estrutural da bexiga), com discreta aos 12
meses, seguida de queda brusca da densidade volumétrica nos grupos de ratos mais
idosos (18 e 24 meses). Na comparacao entre 0s grupos de ratos mais jovens (de 3 a
12 meses) com o0s grupos de ratos senis (18 e 24 meses), notamos uma reducao
significativa da densidade volumétrica do colageno tipo Ill (p < 0,05). Conclusdes:
Ocorrem alteracdes significativas na deposi¢cdo do colageno tipo I, e, notadamente,
no colageno tipo Ill, na bexiga urinaria de ratos com o processo natural de
envelhecimento. Ocorreu um decréscimo significativo na densidade volumétrica de
colageno tipo Il guando comparamos ratos senis versus jovens, e 0 momento em que
estas alteracdes ocorrem de maneira mais significativa € a partir dos 12 meses de
vida do animal.

Palavras-chave: envelhecimento; bexiga urinaria; colageno.



ABSTRACT

Introduction: Aging is a process that leads to diminished function in almost every
physiologic system. The main functions of urinary bladder are to fill, store and eliminate
urine cyclically. The aged bladder has declined capacity on doing its normal cycle,
manifesting as reduced compliance, increased post-void residual volume, detrusor
hyperactivity and impaired contractility. Even that we recognize the physiologic events
in bladder aging, the mechanisms how this events occur remain uncertain. Objectives.
Quantitative assess in changes of collagen types | and Il in the natural aging process
of the urinary bladder. Methods. 72 male Wistar rats were divided in 6 groups of 12
animals each group, and sacrificed in determined ages: 3, 6, 9 12, 18 and 24 months.
After euthanasia, the urinary bladder was fully removed and then realized the
stereological study using the Picrosirius technique with microscopic analysis under
polarized light, to quantify the volumetric density (relative frequency) of the collagen
types | and lll. Results. The maximum volumetric density for collagen type | was
observed in the 12-months group (19,81%), and the minimum occurred in the 6-months
group (8,08%, p<0,05). For the collagen type lll, we observed a subsequent increase
in volumetric density in 3, 6 and 9-month groups (maximum at 9-months group — 3,62%
of bladder wall composition being collagen type Ill), with a sharp drop on volumetric
density in the elderly rats groups (18 and 24 months, p< 0,05). Comparing the younger
rats (3 to 12 months) versus the older animals (18 and 24 months), we observed a
great decrease in the volumetric density of collagen type Il (p<0,05). Conclusions. It
was observed important alterations in the volumetric density of collagen type I, and
notedly, of collagen type lll, in the urinary bladder of rats following the natural aging
process. Occurred significant decrease in the volumetric density of collagen type Il
when comparing older versus younger rats, and the time when these changes occur
more significantly was after 12 months of life of the animal.

Keywords: aging; urinary bladder; collagen.
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1 INTRODUCAO

ApOGs os eventos que levam os seres vivos da concepg¢ao ao nascimento, e
entdo a maturacao sexual e a vida adulta, surge uma incapacidade de manter esses
eventos progressivos e renovadores para sempre. As manifestacdes decorrentes
desta incapacidade, surge o conceito de envelhecimento.! Envelhecimento é,
portanto, o acumulo de diversas mudancas deletérias nas células e tecidos que
ocorrem com o passar da idade, que inferem no aumento do risco de doencas e
morte.? As alteracGes associadas a este processo podem ser atribuidas a defeitos no
desenvolvimento ou genéticos, a mudancas relacionadas ao ambiente, doencas, ou a
eventos inerentes, chamados de processo de envelhecimento.3® Assim, a imortalidade
nao pode existir, pois 0 processo de envelhecimento € inevitavel, culminando na

mortalidade dos seres.*

Apesar de diversas teorias terem sido formuladas para tentar responder a
perguntas como “Por que envelhecemos?” ou “Como envelhecemos? ”, nenhuma
delas parece ser inteiramente satisfatéria.® As teorias modernas para que tentam
explicar este processo convergem para duas categorias principais: envelhecimento

programado e por dano acumulado.®

A teoria do envelhecimento programado sugere que ocorra uma programacao
cronologica e pré-estabelecida, inerente aos organismos. Esta regulacdo depende das
alteracoes na expressdo genética que afetam o0s sistemas responsaveis pelas
respostas de manutencao, reparo e defesa do organismo. Esta teoria pode ser dividida
em trés subcategorias: a) Longevidade programada, onde a senescéncia é o resultado
de sequéncias de ativacdo/desativacdo de genes, e definida como o tempo que os
déficits associados a idade sdo manifestados; ® b) Teoria Enddcrina, onde o “relégio
biologico” atua através de horménios, como a via Insulin/Insulin-Growth Factor-1; 7 c)
Teoria Imunoldgica, onde o sistema imune € programado para perder funcdo ao longo
do tempo, o0 que leva a um aumento da vulnerabilidade a doencas infecciosas, além
da perda da capacidade de diferenciacdo de proteinas proprias do organismo das
estranhas, levando a consequente envelhecimento, adoecimento e morte. A
desregulacdo do sistema imune € associada a doencas degenerativas
cardiovasculares, esclerodermia, doenca de Alzheimer e alguns tipos de neoplasias

malignas, como os linfomas.8?
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As teorias do dano acumulado propdem que o envelhecimento é ocasionado
por fatores externo, envolvendo cinco linhas tedricas: a)Teoria do uso e desgaste,
onde as células e tecidos tem partes vitais cujo uso repetitivo resulta em uma espécie
de desgaste dos componentes, como propds o Dr August Weismann em 1882; b)
Teoria da taxa de metabolismo, sugerindo que quanto maior a taxa de metabolismo
do organismo, menor sua sobrevida; 1° ¢) Teoria dos radicais livres, postulando que a
producéo de radicais livres provenientes do metabolismo celular leva a danos
moleculares, e o acumulo desses danos acarreta decréscimo na atividade celular,
encurtamento do tempo de vida, e a consequente morte do organismo 1!; desde a
década de 30, é conhecido o fato de que dietas restritivas prolongam o tempo de vida
em animais de laboratério 2, e nos Ultimos anos esta teoria ganhou mais evidéncia
com estudos que demonstraram que a restricdo de oferta de glicose estimula a
respiracdo mitocondrial e a formacdo de enzimas reparadoras antioxidantes,
melhorando as defesas contra radicais livres, aumentando a sobrevida celular *3; d)
Teoria do dano acumulado ao DNA, que propde que o DNA é continuamente
danificado por alteracdes quimicas tais como hidrolise e perdas proteicas, tanto por
agentes externos e internos.'* As células respondem a estes danos através de
mecanismos de reparo, assegurando a preservacao da informagcdo genética vital;
entretanto, uma fracdo deste dano ndo pode ser reparada e se acumula, resultando
em mutacles, delecdes, senescéncia, disfuncdo e morte celular.’®> A reducdo do
contetdo de DNA nos teldbmeros dos cromossomos, que ocorre em cada divisao
celular, poderia explicar a capacidade limitada de reparo e longevidade destas células;
populacbes de células providas de enzimas que destituem tal encurtamento
telomérico (as telomerases), conferem um prolongamento no periodo de duracéo da
replicacéo celular, como visto na células cancerigenas; 151" e) Teoria das ligacdes
cruzadas, indicando que o envelhecimento € resultado do acumulo do dano cruzado

de proteinas, células e tecidos, desacelerando os processos bioldgicos. 819

Nesta base teodrica, e por vezes filosofica, a senescéncia poderia ser atribuida a
“genes egoistas” °, pois notavelmente estd associada com declinio da funcdo em

praticamente todos os sistemas.

A média de idade da populacdo mundial esta aumentando, e 0s principais
fatores implicados nesta mudanca em direcdo ao envelhecimento populacional séo o

declinio das taxas de natalidade e um aumento de cerca de 20 anos na expectativa
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de vida durante o século XX. ?° Mundialmente, a expectativa de vida ainda tende a
aumentar mais 10 anos até 2050. ?° No Brasil, 0 nimero de idosos (acima dos 60
anos) cresceu de 3 milhdes de pessoas da década de 1960 para aproximadamente
14 milhdes em 2002 (crescimento de aproximadamente 500% em 40 anos), com
estimativa de chegarmos a 32 milhdes de idosos até 2020.2* O aumento nos nimeros
de idosos, também eleva as demandas nos sistemas publicos de saude, além de exigir

mais dos servicos médicos e sociais. 22

O trato urogenital também €& afetado pelos mecanismos de envelhecimento, e
diversos estudos avaliam estes fendmenos, tentando estabelecer correlagbes causais
entre 0 es eventos relacionados ao processo de envelhecimento, e seus subsequentes
impactos clinicos e de morbi-mortalidade nos seres humanos. 242 Alguns estudos
experimentais tem tentando avaliar alteracdes morfolégicas, estruturais e histolégicas da
bexiga urinaria aos eventos relacionados ao envelhecimento, mostrando que a bexiga
urinaria envelhecida apresenta alteracbes como aumento do peso, espessamento da
parede vesical, aflamento da camada urotelial, redugéo da massa muscular e aumento do

contelido colageno. %31

A bexiga urinaria desempenha diversas funcdes importantes. Primeiramente,
deve armazenar um volume socialmente adequado de urina, permitindo o acumulo de
volumes crescentes, sem apresentar aumento da pressdo intra-vesical, em uma
caracteristica denominada complacéncia. Além disso, a musculatura lisa da bexiga e
0S receptores nervosos devem estar protegidos da exposicédo a urina por um epitélio
especializado, o urotélio. E por fim, a bexiga urinaria deve promover seu esvaziamento
em uma acgao coordenada entre contracdo da musculatura lisa (Masculo Detrusor) e
o relaxamento da musculatura estriada do esfincter urinario externo, para que a urina
seja expelida.®?

Anatomicamente, a bexiga pode ser dividida em duas partes principais: o
corpo, localizada acima dos orificios ureterais, e a base, consistindo no trigono vesical,
juncéo uretero-vesical e a parede anterior da bexiga (Figura 1). %2 A bexiga é um érgéo
muscular oco, e a estrutura da parede vesical consiste em quatro partes distintas: a)
camada mais interna, delineada pela camada urotelial; b) a lamina prépria, composta
principalmente por tecido conectivo denso e irregular, fibroblastos e uma fina camada
de muscular da mucosa, circundados por ¢) uma camada externa de musculo liso

(Musculo Detrusor), com fibras bem organizadas em feixes e com tecido conjuntivo,
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rico em colageno e elastina, envolvendo seu perimisio e d) uma camada adventicia
externa de tecido conjuntivo frouxo. 33 Trés camadas de musculatura lisa sdo
descritas, sendo que as camadas interna e externa tem orientagao longitudinal de
suas fibras, enquanto na camada intermediaria o direcionamento das fibras é

circular.3?

. '
Bexiga : .

Jung¢do

Basg da . Uretero-Vesical
Bexiga

FIGURA 1. DESENHO ESQUEMATICO DA BEXIGA. FONTE: ANDERSSON (2004)
(Adaptado da Physiological Reviews, Vol. 84, p. 936, 2004. Copyright by The

American Physiological Society, Bethesda)

Os varios componentes da bexiga desempenham papéis especializados e
integrados para a correta execucao das funcbes. A camada muscular (musculo
detrusor) é composta por células musculares lisas, com aspecto fusiforme, e mantém
niveis estaveis de tensdo que podem ser modulados por hormdénios circulantes,
fatores locais como 6xido nitrico, ou pela atividade nervosa autondmica. %2 Em
resposta a acetilcolina liberada pelos nervos parassimpaticos, 0s receptores
muscarinicos M3, através do influxo de calcio para o ambiente intracelular, induzem a
contracdo do musculo detruso.®? As jungées intercelulares entre as células musculares
lisas da bexiga conferem a caracteristica de baixa propagacéo intercelular dos
estimulos elétricos entre estas células, sendo esta propriedade importante para a
estabilidade da bexiga durante a fase de enchimento. 3* Além das células musculares
e intersticiais, a parede da bexiga € composta por tecido conectivo estromal, cujos
principais constituintes sao as proteinas colageno e elastina, além dos fibroblastos. A

camada estromal e o colageno séo intrinsecamente ligadas as propriedades elasticas
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da bexiga e adaptacdo da bexiga as diferentes situacdes patofisiologicas, com
implicacdes em propriedades basicas da bexiga como acomodagédo de volume e
complacéncia. 3537

O colageno é o maior componente estrutural da matriz extracelular e
representa aproximadamente 25% da proteina corporal total. As moléculas de
colageno se consistem em trés cadeias de polipeptideos (cadeias-a) idénticas ou
similares, as quais formam uma hélice tripla. A hidroxiprolina € reconhecida como um
aminoacido exclusivo do colageno, sendo indispensavel para a estabilizacdo da
triplice hélice da proteina. * O colageno tipo Il é mais comumente encontrado em
tecidos moles, tais como vasos sanguineos, derme e fascia, além de estar presente
em maior quantidade no tecido cicatricial. ® Uma das caracteristicas fisicas que
distinguem os colagenos do tipo | e do tipo Ill é a forma de entrelacamento de suas
fibras. As fibras do colageno tipo | sdo mais bem entrelacadas e compactadas,
formando feixes de fibras grossas (2-10 um), enquanto o colageno tipo Il forma fibras
individuais mais finas (0,5-1,5 um). 3°

O colageno do tipo | é a proteina estrutural mais comumente encontrada no
corpo, e também é o mais abundante na bexiga, onde os principais encontrados séo
os tipos | e lll, que correspondem a 97% do colageno da bexiga, além do colageno
tipo 1V.3233 35O colageno tipo | corresponde a aproximadamente 75% do colageno
presente na bexiga, enquanto o colageno tipo Il corresponde a 25%, estabelecendo
uma relacéo de colageno tipo lll:tipo | de 1:3.3° A maior parte do colageno presente
na bexiga é distribuida no tecido conectivo localizado fora dos feixes musculares, no
perimisio.

Andlises de sec¢les histologicas bidimensionais em orgaos tridimensionais
resultam em perda da quantidade e qualidade da informacédo estudada. O problema
em estimar parametros estruturais de um orgao tridimensional através de cortes
histolégicos bidimensionais pode ser resolvido através do uso da estereologia, que
combina técnicas matematicas e estatisticas a andlise histoldgica.*® 4! O principio de
Delesse, cardinal nos estudos estereoldgicos, orienta que, para estruturas isotropicas
(como a bexiga urinaria), ao analisarmos cortes desta estrutura para estudo de um
objeto especifico, a obtencdo da medida da area ocupada por este objeto em relagéo
a area total da estrutura, permite conhecer, sem viés, o volume desse componente

em relacdo ao préprio volume da estrutura (densidade de volume).*?> Andlise
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estereoldgica de alteracfes histologicas da bexiga e outros 6rgdos tem sido utilizada
em estudos relacionados ao envelhecimento e alteragdes em doengas degenerativas

e neoplasias malignas. 314345

As fibras coldgenas, por serem ricas em aminoacidos basicos, reagem
fortemente a corantes acidos. 2° O corante Sirius Red F3BA é um corante que reage
fortemente ao coldgeno, e por isso a técnica de coloracdo Picrosirius (utilizando o
corante Sirius Red, e a técnica de acido picrico) € um procedimento especifico para o
colageno, além de ocorrer aumento de até 700% na intensidade da luz devido a
birrefringéncia do colageno corado pela técnica Picrosirius.*® O espectro das
diferentes cores na andlise com luz polarizada obtidas depois da coloracdo com
Picrosirius € atil na diferenciacéo entre os varios tipos de colageno. Na observacgao
com luz polarizada, as fibras com maior entrelagamento e maior espessura
apresentaram coloracéo laranja-avermelhada e foram denominadas colageno do tipo
l. As fibras mais afiladas e menos entrelacadas apresentaram coloracdo esverdeada

e foram denominadas colageno tipo III. 3% 47

Revisbes de literatura documentam que ha relacdo entre o envelhecimento e o
decréscimo na capacidade da bexiga em perfazer seu ciclo normal de enchimento,
armazenamento e esvaziamento, manifestando-se como complacéncia reduzidas,
aumento do residuo vesical pds-miccional, além de hiperatividade detrusora, contratilidade
prejudicada, ou a combinacdo de ambos.*>3 Zhao e colaboradores, em 2010, em estudo
experimental comparando ratos jovens com ratos considerados idosos, mostraram que
estes apresentam capacidade vesical, volume de urina residual pos-miccional e atividade
detrusora espontanea aumentados, além de menor resposta ao estimulo muscarinico,
correlacionando dados experimentais com humanos, e provando que modelos animais
com ratos Fischer/Brown Norway sdo bons modelos para estudos de mudancas funcionais

da bexiga relacionadas ao envelhecimento.>*

Embora reconhecamos as alteragdes fisioldgicas da bexiga urinaria no processo
de senescéncia, bem como a importancia do tecido conectivo e do colageno para o
desempenho normal do 6rgdo, pouco sabemos sobre quais sdo as modificacdes
estruturais, além da correlacdo entre estas alteracdes e 0s eventos clinicos e funcionais

sofridos pela bexiga no processo natural de envelhecimento.
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1.1 OBJETIVOS

O presente estudo foi proposto com os seguintes objetivos:

- Descrever e quantificar as modificacbes histolégicas relacionadas aos
colagenos tipos | e Il no processo natural de envelhecimento da bexiga urinéria.

- Estabelecer o momento do processo de envelhecimento em que ocorrem

modificacdes significativas do coladgeno da bexiga urinéria.
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2 MATERIAL E METODOS

Este estudo € derivado de um projeto previamente aprovado e intitulado
“Avaliacdo anatomo-fisiolégica do envelhecimento urogenital masculino”. Todos
procedimentos deste estudo seguiram 0s preceitos éticos estabelecidos pelo Colégio
Brasileiro de Experimentacdo Animal (COBEA) e as exigéncias do Canadian Concil
on Animal Care, além de verificados e aprovados pela Comissdo de Etica em
Experimentacdo Animal (CEEA) do Setor de Ciéncias Biologicas da Universidade
Federal do Parana, sob o processo numero 23075.032620/2010-10.

2.1 GRUPOS

Considera-se um animal idoso quando sua capacidade reprodutiva €
reduzida, o que ocorre entre 15 e 20 meses para os ratos da raca Wistar. >* A partir
dessas informacfes desenhamos o modelo animal deste estudo. Foram utilizados 72
ratos albinos da linhagem Wistar (Rattus novergicus albinus, Rodentia, Mammalia),
do sexo masculino. Esses animais foram todos mantidos em gaiolas de polietileno
com medidas de 60 x 50 x 22cm, distribuidos em 3 animais por gaiola, devidamente
identificadas com o nome do experimento e data de nascimento dos animais
(Fotografia 1), com umidade e temperatura (22 graus Celsius) controladas, ciclo
claro/escuro de 12 horas, livre de ruidos externos. Receberam agua filtrada e racéo
comercial padrdo especifica para a espécie (Nuvilab - Nuvital® — Colombo, Parana,
Brasil), ad libitum durante todo o periodo do experimento.

Os ratos foram divididos em 6 grupos de 12 animais cada, sendo entéo
sacrificados conforme o tempo os diferentes tempos de vida de cada grupo:

Grupo 1: 90 dias de vida (3 meses)

Grupo 2: 180 dias de vida (6 meses)

Grupo 3: 270 dias de vida (9 meses)

Grupo 4: 360 dias de vida (12 meses)

Grupo 5: 540 dias de vida (18 meses)

Grupo 6: 720 dias de vida (24 meses)
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2.2 EXPERIMENTACAO

A etapa experimental foi realizada no Departamento de Anatomia do Centro
Politécnico da Universidade Federal do Parana (Curitiba, PR). Os animais com a idade
correspondente ao determinado para elaboracdo dos diferentes grupos foram
transportados para um local distante da sala de que seriam sacrificados, em um local
calmo, e entéo levados um por vez em gaiola individual até o laboratério.

Na sala de experimentacdo, foi realizada afericio dos dados corporais do
animal: peso (realizada em balanca calibrada ultrassensivel), estatura (medicdo com
paquimetro digital) e calculo do indice de Massa Corporea, através da formula: peso

(em gramas) /estatura (em cm?).

Foram entdo submetidos a anestesia com solucéao de Cloridrato de Cetamina
(57,67mg/ml) associado a 2% de Cloridrato de Xilazina (0,2g/10 mL), com aplicacéo
de 1ml/1000 gramas de peso vivo, via intraperitoneal. Apos anestesiados, 0s animais
foram fixados em tabua cirdrgica e submetidos a antissepsia abdominal e toracica,
seguido de incisdo mediana toraco-abdominal (Fotografia 1), localizando
primeiramente o coracao, onde foi realizada coleta de 5-10 mL de amostra sanguinea
para dosagem de testosterona, creatinina e uréia (dados utilizados para realizacéo de
outras pesquisas do grupo de estudo em envelhecimento), incisdo no atrio direito, com
consequente exsanguinacao e oObito. A seguir, prosseguiu-se a retirada completa da
bexiga urinaria, além da extracdo de outros 6rgaos como rins, testiculos, figado, pénis,

cérebro, coracao e a artéria aorta, para uso em outros estudos.
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FOTOGRAFIA 1: INCISAO MEDIANA TORACO-ABDOMINAL. FONTE: O Autor

Imediatamente apods a dissecacao e remocao da bexiga, as mesmas foram
abertas longitudinalmente, estabilizadas sobre fragmento de polimero emborrachado
de Etil, Vinil e Acetato (EVA — Fotografia 2), submersas e fixadas em Bouin (acido

picrico, formol e acido acético) por 24 horas.

FOTOGRAFIA 2: BEXIGA URINARIA APOS RETIRADA E ABERTURA
LONGITUDINAL. FONTE: O Autor.

Apés a fixacdo, as pecas permaneceram em alcool 70%, e em seguida esse

material foi desidratado em uma série decrescente de xilol e alcoois (solugéo de xilol
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1, solucéo de xilol 2, solucéo de alcool etilico absoluto e xilol, alcool absoluto 1,2 e 3,
alcool 95%, alcool 90%, &lcool 80%, alcool 70%, agua corrente, agua destilada; 1 a 2
horas em cada solucdo). Concluidas estas etapas, as bexigas urinérias foram entao
incluidas em parafina e emblocadas, para entdo serem submetidas aos cortes
sucessivos em micrétomo com 5um de espessura (American Optical, Spencer AO
820). Os cortes foram entdo montados em l[aminas e corados pelo método Picrosirius
(solucéo de Sirius Red F3BA a 0,1% e solucdo aquosa saturada de acido picrico por
aproximadamente 60 minutos), para identificacdo das fibras colagenas da bexiga e

analise estereologica.

As fibras coldgenas mais espessas, fortemente birrefringentes apresentam-se
coradas em tons de laranja, amarelo e vermelho e representam o colageno tipo I,
enquanto que as fibras mais finas e dispersas, fracamente birrefringente, apresentam-

se coradas em verde, representando o colageno tipo .

A area ocupada pelas fibras colagenas tipo | e 11l da bexiga foi analisada com
0 auxilio do microscépio Optico, de luz polarizada, biolégico plano 0.l, Polaris —
B.photonics vinculado a um computador B-XTreme, processador intelG2030 Dual
Core com camara digital colorida sistema CMOS e sistema de captura de imagem

Home Mirage I.

Foram capturadas as imagens de 10 campos histolégicos, aleatoérios, de cada
[amina histologica da bexiga de todos os animais estudados, com aumento de 400
vezes para a analise quantitativa das fibras colagenos tipos | e Ill corados com

Picrosirius Red e analisados em microscopia com luz polarizada.

As imagens congeladas e digitalizadas das fibras colagenas tipo | e tipo i
foram analisadas por meio do aplicativo Image Pro-plus, versdo 4.5 da Cybernetics®

para Windows em computador Pentium III.

Todos os valores obtidos foram transformados em porcentagem (%) para a

obtencao da densidade volumétrica (frequéncia relativa) das estruturas em estudo.
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2.3 ANALISE ESTATISTICA

Primeiramente foram calculados os valores médios de coldgenos dos tipos |
e Il para cada rato como sendo a média dos valores dos 10 campos avaliados. Os
valores médios de colagenos dos ratos foram descritos segundo grupos com uso de
medidas resumo (média, desvio padrdo, mediana, minimo e maximo). Para a
comparacao dos grupos em relacdo as variaveis quantitativas que atenderam a
condicao de normalidade e comparados entre 0s grupos com uso de analises de
variancias (ANOVA), seguidas de comparacdes multiplas de Tukey, para identificar
entre quais grupos ocorreram as diferencas nos tipos de colagenos. Para os valores
de p obtidos foram considerados estatisticamente significantes os valores menores
que 0,05. Para as analises, foram utilizados os softwares Microsoft Excel 2013 e
Softonic SPSS Statistics 20.0.
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3 ARTIGO CIENTIFICO

Os resultados e discussao da tese foram submetidos para analise e
publicagédo no periddico cientifico The Journal of Urology®, jornal cientifico oficial da
American Urological Association (fator de impacto 3.753 pela Thompson Reuters

Institute for Scientific Information Journal Citation Reports, em 2014) — anexos.
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STEREOLOGICAL STUDY OF COLLAGEN IN THE AGING OF URINARY
BLADDER IN RATS

INTRODUCTION

After the events that lead living beings from conception to birth and then to
sexual maturity and adult life comes an incapacity to keep these events progressive

and forever renewing.!

The urogenital tract, including the urinary bladder, is also affected by aging
mechanisms. This organ must play the role of storing socially adequate and adding
volumes of urine Kkeeping its pressure constant (characteristic denominated
compliance), and finally be emptied voluntarily under low pressure and low resistance

to urinary flow.23

The bladder is a hollow organ, and the structure of its wall consists in four
distinct parts: a) an inner layer, delineated by the urothelium; b) the lamina propria,
composed mainly by irregular and dense connective tissue, fibroblasts and a thin layer
of muscularis propria surrounded by c) an external layer of smooth muscle (detrusor
muscle), with fibers well organized in bundles and connective tissue rich in collagen
and elastin involving its perimysium and d) an adventitious external layer of loose
connective tissue.*>

The many components of the bladder play specialized and integrated roles for
the correct performance of functions. The connective tissue and the collagen are
intrinsically connected to the elastic properties of the bladder and adaptation of bladder
to different pathophysiological situations, with implications in basic properties of the

bladder like accommodation of volume and complacence.?8

Some experimental studies are trying to correlate morphological, structural
and histological alterations in urinary bladder to events related to aging demonstrating
that the aged urinary bladder shows functional alterations like reduced complacency,
increase of after post-volume residues as well as detrusor hyperactivity, impaired
contractility or the combination of both.%!? Although it is recognized functional

alterations of urinary bladder in aging as well as the importance of connective tissue
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and collagen to normal bladder functions, little is known about which are the structural
alterations suffered by bladder in the aging process along with the correlation between
these alterations to clinical and functional events related to the urinary bladder aging.

In the aim of this article is to describe and quantify the histological

modifications related to collagen types | and Il in the process of aging urinary bladder.

MATERIALS AND METHODS

Experimentation. The study was previously approved by the Ethic Comission
of the Institution according to the demands of the Canadian Council on Animal Care.
Seventy two albino male Wistar rats (Rattus novergicus albinus, Rodentia, Mammalia)
were used. These animals were all kept in cages of polyethylene measuring 60 x 50 x
22 cm, distributed in 3 animals per cage. The animals were kept with controlled moist
and temperature in 22 Celsius degree, with a cycle of bright/dark of 12 hours, free from
external noise. They received ad libitum filtered water and commercial feed specific for
the specie.

The rats were divided in 6 groups of 12 animals each, and then sacrificed
according to the different ages in each group: Group 1 with 3 months, Group 2 with 6
months, Group 3 with 9 months, Group 4 with 12 months, Group 5 with 18 months and
Group 6 with 24 months.

At the established lifetime, the biometric data from the animals were obtained
(weight, stature and body mass index using formula with weight in grams/stature in
cma).

They were then submitted to anesthesia with a solution of ketamine (57,67
mg/ml) associated with 2% of Xylazine Hydrochloride(0,2g/10 mL), applying 1mL/1000
grams of living weight, intraperitoneally. After anesthetized the animals were fixed in
surgical board and submitted to abdominal and thoracic antisepsis followed by thoracic
and abdominal medium incision, finding the heart and incising the right atrium, with
consequent bleeding and death by exsanguination. Immediately after the
cardiorespiratory arrest, the urinary bladder was fully removed, as well as other organs
like kidneys, testicles, liver, penis, brain, heart and aorta artery (those used in other

studies).
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Immediately after the dissection and removal of the bladder, they were opened
longitudinally, submersed and fixated in Bouin (picric acid, formol and acetic acid) for
24 hours. After fixation, the pieces remained in alcohol 70%, and then dehydrated in a
decreasing series of xylol and alcohols (solution of xylol 1, solution of xylol 2, solution
of absolute ethylic alcohol and xylol, absolute alcohol 1, 2 and 3, alcohol 95%, alcohol
90%, alcohol 80%, alcohol 70%, running water, distilled water, 1 to 2 hours in each
solution). When these phases were complete the urinary bladder were then included
in paraffin and transformed in blocks to then be submitted to successive cuts in
microtome with 5 um thickness (American Optical, Spencer AO 820). The cuts were
then put together in slides and stained using the Picrosirius method (solution of Sirius
Red F3BA in 0,1% and aqueous saturated solution of picric acid by approximately 60
minutes) to identify the collagen fibers of the bladder and stereological analyses.

The thicker collagen fibers, strongly birefringent, showed themselves colored
in orange, yellow and red tones and represent the collagen type [, while the thinner
and disperse fibers weakly birefringent showed themselves colored in green,
representing collagen type Ill. Other elements of the bladder wall, that not the collagen,

showed themselves in black color.

The area occupied by the collagen fibers type | and Il of the bladder were
analyzed with an optical microscope of polarized light, biologic plan 0.1, (Polaris — B.
photonics) bound to a computer B-XTreme with IntelG2030 Dual Core processor with

digital colored camera with CMOS system and Home Mirage | image capture system.

The images were captured in 10 histological fields, random, of each
histological slide of the bladder of all of the studied animals with an increase of 400
times for quantitative analyses of collagen fibers types | and Ill colored with Picrosirius

Red and analyzed in microscopy with polarized light.

The frozen and digitalized images of the collagen fibers type | and type Ill were
analyzed using the app Image Pro-plus, version 4.5 of Cybernetics® for Windows in

Pentium Il computer.

All obtained values were transformed in percentages (%) to obtain the

volumetric density (relative frequency) of studied structures.
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Statistical Analysis. First, the medium values of collagen types | and Ill were calculated
for each rat like being the average of the value of 10 fields evaluated. The medium
values of collagen of rats were described in groups using summary measures
(average, standard deviation, median, minimum and maximum). To compare the
groups, regarding the quantitative variables with normal distribution, and compare the
groups, it was used analysis of variances (ANOVA), followed by multiple comparisons
of Tukey, to identify among which groups occurred the differences in types of collagen.
It were considered statistically significant the values of p lower than 0,05.

RESULTS

There were no loses during the study. The animals of the elder group showed
clear signs of aging such as rarefaction of hairs and underactive. As to biometric data
the animals had an increasing in its weight until 12 months followed by a discreet

reduction in the last groups, which led to stability in the body mass index (Graphic 1).
700+ Weight x Months
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Graphic 1. Weight versus months results

Table 1 brings results referring volumetric densities (relative frequency) of
collagen type | and from collagen type Ill. The highest volumetric density of collagen

type | occurred in the group of 12 months, with an average of 19,81% in structure
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composition of the bladder wall of collagen type I, whilst the lowest volumetric density
of collagen type | occurred in the group of 6 months (8,08%). For the collagen type lli
the maximum average volumetric density was at 9 months group, with 3,62% of
structural composition of bladder being collagen type Ill, and then a sharp drop of
volumetric density in groups of older rats (18 and 24 months), reaching the minimum
volumetric density for collagen type Ill at 24 months. These differences in the collagen
type Il between the younger and the older groups among maximum volumetric density
(9-months group) and minimum values (24-months groups) are exemplified in Figure
1.

Table 1. Description of average values of collagen according to groups and results of
ANOVA.

Group Average% SD Median Minimum Maximum N p

3 months 14,82 4,57 15,19 7,68 20,70 12

6 months 8,08 3,27 6,34 4,55 13,87 12

Type-l 9 months 8,62 3,82 6,98 4,55 14,47 12

C <0,001
ollagen 12 months 19,81 549 19,03 12,02 3401 12

18 months 10,29 1,24 10,78 7,89 11,91 12

24 months 8,87 2,02 9,14 4,93 11,21 12

3 months 2,13 1,27 1,91 0,36 4,27 12

6 months 3,39 0,97 3,30 2,34 5,82 12
Type-lll 9 months 3,66 1,16 3,48 2,34 5,82 12 <0.001
Collagen 12 months 3,42 1,17 3,39 1,09 4,88 12 ’

18 months 0,68 0,32 0,62 0,36 1,25 12

24 months 0,12 0,24 0,01 0,00 0,84 12

ANOVA

Figure 1. Microscopic analysys under polarized light of bladder wall structure using

Picrosirius. The green points represent collagen type Ill. Diferences seen in collagen
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type Il between the 9-months group (A), at maximum volumetric density, versus

minimum volumetric density seen on 24-months group (B).

Graphics 2 and 3 illustrate the results presented in Table 1 the difference being
visible the difference in volumetric densities of collagen type | and type Ill among
groups.

Graphic 2. Average values of collagen type | and respective standard deviation.
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Graphic 3. Average values of collagen class lll and respective standard deviation
according to groups.
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In table 2, the relative frequency of collagen types | and Il is exposed through
multiple comparisons among groups. In the groups of 3 and 6 months there was an
statistically significant increase of collagen type lll; it is also noted an increase of
collagen type 1l among the groups 6 to 9 months, and then a slight decrease in the
12-months group, however, with no statistical significance. When comparing groups of
younger rats (from 3 to 12 months) to older rats (18 to 24 months), it is noticed a
significant decrease of volumetric density of collagen type Il (p < 0,05). For collagen
type 1, the highest relative frequency occurred at 12 months, also suffering a decrease
among the groups of young adult rats to the older (groups 18 and 24 months, p < 0,05).

Table 2. Multiple comparisons (Tukey) of average values of collagen among groups.

. Average Standard Cl (95%)
Comparation . p - :
difference  error Inferior Superior
3months- 6 months 6,74 1,51 <0,001 2,31 11,17
3months- 9 months 6,20 1,51 0,002 1,77 10,63
3months- 12 months -4,99 1,51 0,018 -9,42 -0,56
3months- 18 months 4,54 1,51 0,042 0,11 8,97
3 months- 24 months 5,95 1,51 0,003 1,52 10,38
6 months- 9 months -0,54 1,51 0,999 -4,97 3,89
Type-| 6 months - 12 months -11,73 1,51 <0,001 -16,16 -7,30
Collagen 6 months - 18 months -2,21 1,51 0,688 -6,64 2,22
6 months - 24 months -0,79 1,51 0,995 -5,22 3,64
9 months- 12 months -11,19 1,51 <0,001 -15,62 -6,76
9 months- 18 months -1,67 1,51 0,877 -6,10 2,76
9 months- 24 months -0,25 1,51 >0,999 -4,68 4,18
12 months - 18 months 9,52 1,51 <0,001 5,09 13,95
12 months - 24 months 10,94 1,51 <0,001 6,51 15,37
18 months - 24 months 1,42 1,51 0,935 -3,01 5,85
3months- 6 months -1,26 0,39 0,022 -2,40 -0,12
3months- 9 months -1,53 0,39 0,003 -2,67 -0,40
3months- 12 months -1,30 0,39 0,017 -2,44 -0,16
3 months- 18 months 1,45 0,39 0,005 0,31 2,59
3 months- 24 months 2,00 0,39 <0,001 0,86 3,14
6 months- 9 months -0,28 0,39 0,980 -1,41 0,86
6 months - 12 months -0,04 0,39 >0,999 -1,18 1,10
gﬁ’@;gn 6months- 18 months 2,71 0,39 <0,001 157 3,85
6 months - 24 months 3,26 0,39 <0,001 2,12 4,40
9 months- 12 months 0,24 0,39 0,990 -0,90 1,38
9 months- 18 months 2,98 0,39 <0,001 1,84 4,12
9 months- 24 months 3,54 0,39 <0,001 2,40 4,68
12 months - 18 months 2,74 0,39 <0,001 1,61 3,88
12 months - 24 months 3,30 0,39 <0,001 2,16 4,44

18 months - 24 months 0,55 0,39 0,709 -0,58 1,69
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DISCUSSION

The median age of the world's population is increasing, and the factors implied
in this shift towards aging is related to the decline in fertility and a 20-year increase in
the average life span during the 20th century, and worldwide, the average life span is
expected to extend another 10 years by 2050. 3 In Brazil, the number of older adults
increased from 3 million in the 1960’s to 14 million in 2002 (a 500% growth in 40 years),
and there is estimative of reaching 32 million people in 2020%* .The growing number of
older adults increases demands on the public health system and on medical and social
services.®

Almost every physiologic system has its function diminished with the aging
process ' and concerning the urinary tract, this is not different.'® Clinical
urodynamic studies have demonstrated advancing age to be associated with a
reduced bladder capacity, an increase in uninhibited contractions, decreased urinary
flow rate, and increased postvoid residual urine volume.'®?° The aging bladder
specifically may be described as manifesting detrusor overactivity, impaired
contractility, or a combination of both.?!

Zhao et al, using Fischer/Brown Norway rats, revealed that even when external
factors remain constant, at the onset of the aging process, rat bladders showed
increased on bladder capacity, post-residual volume and micturition frequency, with
decreased micturition pressure, when comparing old versus young rats. These findings
are similar to the findings in aging human bladders, which validated the animal model
in bladder aging studies. ?? In the presented study, the animals of the last group
reached the last of their lifetime with 720 days, therefore based on their cycle of life,
they can be considered elder rats.? The development of the animals on the subject of
their weight was considered adequate regarding the deviation pattern curves found in
literature.?*

Even that we know that the viscoelastic properties of the bladder are intimately
related to the Types | and Il collagen, that seem to be the most abundant collagen
types that influence function of the lower urinary tract 2#2°, we do not know exactly
how this structural components behave during the aging process, even though some

studies tried to describe these alterations occurring during pathological states.
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Previous studies have demonstrated that collagen synthesis and deposition are
increased in organ fibrosis such as myocardial fibrosis and fibrotic diseases of the skin 267,
and it is generally accepted that in the early stages of a fibrotic lesion there is enhanced
synthesis of collagen type IlI, while type | collagen synthesis predominates at later stages.*
Histologic and biochemical studies have shown that non-compliant bladder are
characterized by an abnormal deposition of extracellular matrix protein in the muscular
layer of the bladder wall.?®?° Deveaud and colleagues, in a molecular analysis of
collagens using immunohistochemical localization of collagen subtypes in a pediatric
subset of population with “non-compliant” bladders (neurogenic and non-neurogenic)
detailed that in this states of pathologic conditions, there is an increase in total collagen
deposition, an increase in the type lll:type | ratio (from 1:3 in normal bladders to 1:2 in
non-compliant bladders), and clearly increase in type Il collagen fibers, of almost 48%,
mainly by infiltrating these fibers into the detrusor muscle layer, with a thickened
perimysial and endomysial connective tissue infiltration, showing that not only occurs
an increasing in type lll collagen rates, but also there is a modification in the distribution
of this collagen, being hypothesized a major role of collagen type Il in the bladder
dysfunctions. # Using a model of obstructed bladder in young rabbits, Tekgul et al
reported an increasing in deposition of type-I collagen between the muscular bundles,
and an increased staining for type-Ill collagen in and around the muscular bundles.*°

The mechanism by which collagen accumulates has not been completely
elucidated. Collagen deposition may be the result of increased protein synthesis,
decreased degradation, or a combination of both. Kaplan et al, studying pediatric
patients with urodynamically proven non-compliant bladders, using a reverse
transcription-polymerase chain reaction technique to quantify messenger RNA
(mRNA) have shown that type Il collagen mRNA levels are increased in these fibrotic
sets, stating that the accumulation of type Ill collagen protein is transcriptionally
regulated.? Deveaud et al described that the steady levels of mMRNA of both procollagen
types | and Ill in non-neurogenic non-compliant bladders are increased, but only
occurred an increased deposition of type Ill collagen, with no alteration on protein
levels of type | collagen in this subset of patients, suggesting that besides the genetic
mechanisms regulating fibrotic deposition in non-compliant non-neurogenic bladders,
that should be a post-transcriptional mechanism of protein synthesis regulation
operating in this population.* So, further studies will be required to elucidate the

mechanism of cell response that alters collagen expression.
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It is worth mentioning that these studies, about structural alterations of bladder wall,
were described during pathologic processes of the bladder (obstruction, neurogenic
bladder). Our study is observational, about the events regarding the quantitative alterations
to collagen types | and Ill during the natural aging process, and this process does not
necessarily means getting sick 1, demonstrating the importance of our study in opening new

boarders for the discussion of aging mechanisms of the urinary bladder and urogenital tract.

Alterations in the deposition of collagens type | and Il volumetric density occurred
along the age curve of studied groups. Although it has not been possible to establish a
pattern in these alterations for collagen type I, notedly there were alterations that followed a
pattern in the case of collagen type Ill. In groups of 3 and 6 months, there was a significant
statistic increase in collagen type llI; it is also noted an increase of collagen type Ill among
groups of 6 and 9 months and a discreet reduction of the type Il collagen relative frequency
among groups of 9 and 12 months; however, these alterations did not reach statistical
significance denoting a stability in this range (between 6 and 12 months). In the older rats
groups (18 and 24 months) there was an abrupt drop in the volumetric density of type Il
collagen, with statistic difference among the older groups versus younger, showing that the
significant alteration point of type Ill collagen towards the decrease of its relative frequency
occurred from the group of 12 months. In aged rats, not necessarily affected by pathological
processes of the urinary bladder there was a reduction in the deposition of type Il collagen.
It was not the goal of this article to correlate the alterations of types | and Il collagen with
eventual functional alterations of the urinary bladder in aging, and with the data showed
either is possible to establish this correlation. However, there is a new vision in the

discussion about the structural alterations that follow the process of aging.

CONCLUSIONS

There are significant alterations in the volumetric density of collagens type |
and, notably, type lll, in the urinary bladder of rats with the natural process of aging.
We observed a decrease in volumetric density of collagen type Ill when comparing
younger versus older rats, and the moment these alterations occur in a most significant

way is from the 12 months lifetime of the animal.
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4 CONCLUSOES

Pode-se concluir que:

1. Ocorreram alteracgdes significativas na densidade volumétrica dos colagenos tipo |
e, notadamente, no colageno tipo lll, na bexiga urinaria de ratos no processo natural

de envelhecimento

2. Observou-se declinio da densidade volumétrica do colageno tipo Il quando
comparados ratos mais jovens com o0s animais mais velhos, e 0 momento em que

estas alteragdes sao mais significativas foram a partir dos 12 meses de vida do animal.
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Apéndice | — Resultados brutos
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b3b
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b3e
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b3h
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b4da
b4b
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b4d
b4e
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b4h
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b4j

b5a
b5b
b5c
b5d
b5e
b5f

b5g
b5h
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3.93
10.02
42.57
13.98
19.77
20.34
15.79
6.55
2.85
4.22
5.72
5.68
6.98
16.92
0.73
0.56
6.71
5.93
4.74
6.09
3.75
3.99
7.33
5.69
4.73
3.04
4.82
6.39
7.33
2.99
0.99
5.92
4.98
3.17
4.38
24.14
22.77
17.39
15.91
21.40
19.11
11.23
14.47
14.92
7.46
6.97
15.82

1.64
2.03
15.19
9.87
7.61
9.63
4.01
3.53
2.98
1.76
3.41
3.74
1.07
3.47
3.18
4.27
5.83
2.93
2.62
4.23
1.72
0.39
0.72
2.07
0.81
2.02
5.81
3.99
2.79
3.10
1.10
1.11
2.18
3.29
2.97
2.71
5.32
4.88
2.93
3.21
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3.82
3.28
2.92
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2.17
3.76
3.11

APENDICES

CLASSE 3

95.48
94.04
74.79
47.56
78.41
70.60
83.67
80.68
90.47
95.39
92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
91.45
91.03
92.19
95.86
95.29
90.60
93.50
93.25
91.15
91.19
90.82
89.57
95.91
97.90
91.90
91.73
93.86
92.91
70.54
72.35
79.68
80.88
73.70
77.07
85.49
82.61
75.78
90.37
89.27
81.07

40

Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

37-48
lal2?
13-24
25-36
49-60
61-72

GRUPOS
3 meses
6 meses
9 meses
12 meses
18 meses
24 meses




b5i
b5]
b6a
b6b
b6c
b6d
b6e
b6f
b6g
b6h
b6i
b6]
b7a
b7b
b7c
b7d
b7e
b7f
b7g
b7h
b7i
b7]
b8a
b8b
b8c
b8d
b8e
b8f
b8g
b8h
b8i
b8
b9a
b9b
b9c
bad
b9e
bof
b9g
b9h
b9i
b9j
b10a
b10b
b10c
b10d
b10e
b10f
b10g
b10h
b10i
b10j
blla

9.04
6.11
19.77
20.34
15.79
6.55
2.85
4.22
5.72
5.68
6.98
16.92
0.73
0.56
6.71
5.93
4.74
6.09
3.75
3.99
7.33
5.69
4.73
3.04
4.82
6.39
15.82
9.04
6.11
19.77
20.34
15.79
6.55
2.85
4.22
5.72
5.68
6.98
16.92
0.73
0.56
6.71
5.93
4.74
6.09
3.75
3.99
7.33
5.69
4.73
3.04
4.82
6.39

4.21
2.13
9.63
4.01
3.53
2.98
1.76
3.41
3.74
1.07
3.47
3.18
4.27
5.83
2.93
2.62
4.23
1.72
0.39
0.72
2.07
0.81
2.02
5.81
3.99
2.79
3.11
421
2.13
9.63
4.01
3.53
2.98
1.76
341
3.74
1.07
3.47
3.18
4.27
5.83
2.93
2.62
4.23
1.72
0.39
0.72
2.07
0.81
2.02
5.81
3.99
2.79

86.75
91.76
70.60
83.67
80.68
90.47
95.39
92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
91.45
91.03
92.19
95.86
95.29
90.60
93.50
93.25
91.15
91.19
90.82
81.07
86.75
91.76
70.60
83.67
80.68
90.47
95.39
92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
91.45
91.03
92.19
95.86
95.29
90.60
93.50
93.25
91.15
91.19
90.82
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Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




bllb
bllc
b1id
blle
b1if
blig
bllh
b11i
b11j
b12a
b12b
b12c
bi12d
b12e
b12f
b12g
b12h
b12i
b12j
bl3a
b13b
b13c
b13d
b13e
b13f
b13g
b13h
b13i
b13j
bl4a
b14b
bl4c
b14d
bl4e
b 14f
bl4g
b14h
b14i
b14j
bl5a
b15b
b15c
b15d
b15e
b15f
b15g
b15h
b15i
b15j
bl6a
b16b
bl6c
b16d

4.22
5.72
5.68
6.98
16.92
0.73
0.56
6.71
5.93
4.74
6.09
3.75
3.99
7.33
5.69
4.73
3.04
4.82
22.77
17.39
15.91
21.40
19.11
11.23
14.47
14.92
7.46
6.97
15.82
5.93
4.74
6.09
3.75
3.99
7.33
5.69
4.73
3.04
4.82
0.73
0.56
6.71
5.93
4.74
6.09
3.75
3.99
7.33
5.69
4.73
3.04
4.82
6.39

3.41
3.74
1.07
3.47
3.18
4.27
5.83
2.93
2.62
4.23
1.72
0.39
0.72
2.07
0.81
2.02
5.81
3.99
4.88
2.93
3.21
4.90
3.82
3.28
2.92
9.30
2.17
3.76
3.11
2.62
4.23
1.72
0.39
0.72
2.07
0.81
2.02
5.81
3.99
4.27
5.83
2.93
2.62
4.23
1.72
0.39
0.72
2.07
0.81
2.02
5.81
3.99
2.79

92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
91.45
91.03
92.19
95.86
95.29
90.60
93.50
93.25
91.15
91.19
72.35
79.68
80.88
73.70
77.07
85.49
82.61
75.78
90.37
89.27
81.07
91.45
91.03
92.19
95.86
95.29
90.60
93.50
93.25
91.15
91.19
95.00
93.61
90.36
91.45
91.03
92.19
95.86
95.29
90.60
93.50
93.25
91.15
91.19
90.82
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Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO lII
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




bl6e
b16f
bl6g
b16h
b16i
b16j
bl7a
b17b
b1l7c
b17d
bl7e
b17f
b17g
b17h
b17i
b17j
b18a
b18b
b18c
b18d
b18e
b18f
b18g
b18h
b18i
b18j
b19a
b19b
b19c
b19d
b19e
b19f
b19g
b19h
b19i
b19j
b20a
b20b
b20c
b20d
b20e
b20f
b20g
b20h
b20i
b20j
b2la
b21b
b2lc
b21d
b2le
b21f
b21g

15.82
9.04
6.11

19.77

20.34

15.79
6.55
2.85
4.22
5.72
5.68
6.98

16.92
0.73
0.56
6.71
2.88
3.93

10.02

42.57

13.98

19.77

20.34

15.79
6.55
2.85
4.22
5.72
5.68
6.98

16.92
0.73
0.56
6.71
5.93
4.74
6.09
3.75
3.99
7.33
5.69
4.73
3.04
4.82
6.39
7.33
2.99
0.99
5.92
4.98
3.17
4.38

24.14

3.11
4.21
2.13
9.63
4.01
3.53
2.98
1.76
3.41
3.74
1.07
3.47
3.18
4.27
5.83
2.93
1.64
2.03
15.19
9.87
7.61
9.63
4.01
3.53
2.98
1.76
3.41
3.74
1.07
3.47
3.18
4.27
5.83
2.93
2.62
4.23
1.72
0.39
0.72
2.07
0.81
2.02
5.81
3.99
2.79
3.10
1.10
1.11
2.18
3.29
2.97
271
5.32

81.07
86.75
91.76
70.60
83.67
80.68
90.47
95.39
92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
95.48
94.04
74.79
47.56
78.41
70.60
83.67
80.68
90.47
95.39
92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
91.45
91.03
92.19
95.86
95.29
90.60
93.50
93.25
91.15
91.19
90.82
89.57
95.91
97.90
91.90
91.73
93.86
92.91
70.54
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Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b21h
b21i
b21j
b22a
b22b
b22c
b22d
b22e
b22f
b22g
b22h
b22i
b22j
b22a
b22b
b22c
b22d
b22e
b22f
b22g
b22h
b22i
b22j
b23a
b23b
b23c
b23d
b23e
b23f
b23g
b23h
b23i
b23j
b24a
b24b
b24c
b24d
b24e
b24f
b24g
b24h
b24i
b24j
b25a
b25b
b25c
b25d
b25e
b 25f
b25¢g
b25h
b25i
b25j

22.77
17.39
15.91
4.73
3.04
4.82
6.39
15.82
9.04
6.11
19.77
20.34
15.79
6.55
2.85
4.22
5.72
5.68
6.98
16.92
0.73
0.56
6.71
2.88
3.93
10.02
42.57
13.98
19.77
20.34
15.79
6.55
2.85
4.22
5.72
5.68
6.98
16.92
0.73
0.56
6.71
5.93
4.74
21.08
19.75
11.31
10.04
22.74
11.18
31.18
21.33
18.07
20.42

4.88
2.93
3.21
2.02
581
3.99
2.79
3.11
4.21
2.13
9.63
4.01
3.53
2.98
1.76
3.41
3.74
1.07
3.47
3.18
4.27
5.83
2.93
1.64
2.03
15.19
9.87
7.61
9.63
4.01
3.53
2.98
1.76
341
3.74
1.07
3.47
3.18
4.27
5.83
2.93
2.62
4.23
7.53
4.02
1.98
6.24
4.99
4.05
4.04
4.74
6.01
5.22

72.35
79.68
80.88
93.25
91.15
91.19
90.82
81.07
86.75
91.76
70.60
83.67
80.68
90.47
95.39
92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
95.48
94.04
74.79
47.56
78.41
70.60
83.67
80.68
90.47
95.39
92.37
90.54
93.25
89.55
79.90
95.00
93.61
90.36
91.45
91.03
71.39
76.23
86.71
83.72
72.27
84.77
64.78
73.93
75.92
74.36
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Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b26a
b26b
b26¢c
b26d
b26e
b26f

b26g
b26h
b26i

b26j

b27a
b27b
b27c
b27d
b27e
b27f

b27g
b27h
b27i

b27j

b28a
b28b
b28c
b28d
b28e
b28f

b28g
b28h
b28i

b28j

b29a
b29b
b29c
b29d
b29e
b29f

b29g
b29h
b29i

b29j

b30a
b30b
b30c
b30d
b30e
b30f

b30g
b30h
b30i

b30j

b3la
b31b
b3lc

10.21
41.38
54.27
48.31
23.44
15.77
10.81
8.34
10.11
11.08
15.98
20.33
48.74
22.38
15.98
16.74
9.02
14.27
13.11
16.99
32.74
17.06
17.34
19.22
20.07
19.31
8.97
10.88
9.37
21.09
34.01
18.34
20.08
11.71
13.27
19.14
7.03
5.08
3.76
9.77
21.08
19.75
11.31
10.04
22.74
11.18
31.18
21.33
18.07
20.42
10.21
41.38
54.27

1.03
3.72
231
8.97
9.02
3.82
2.08
0.82
0.22
1.01
4.93
3.27
7.03
4.07
5.32
4.01
1.92
0.31
0.12
2.87
0.31
3.02
491
4.08
421
6.02
431
3.99
5.67
4.38
3.92
1.21
2.02
1.09
1.79
0.02
0.09
1.87
1.72
0.02
7.53
4.02
1.98
6.24
4.99
4.05
4.04
4.74
6.01
5.22
1.03
3.72
2.31

88.76
54.90
43.42
42.72
67.54
80.41
87.11
90.84
89.67
87.91
79.09
76.40
44.23
73.55
78.70
79.25
89.06
85.42
86.77
80.14
66.95
79.92
77.75
76.70
75.72
86.71
86.72
85.13
84.96
74.53
62.07
80.45
77.90
87.20
84.94
80.84
92.88
93.05
94.52
90.21
71.39
76.23
86.71
83.72
72.27
84.77
64.78
73.93
75.92
74.36
88.76
54.90
43.42
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Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b31d
b3le
b31f
b31g
b31h
b31i
b31j
b32a
b32b
b32c
b32d
b32e
b32f
b32g
b32h
b32i
b32j
b33a
b33b
b33c
b33d
b33e
b33f
b33g
b33h
b33i
b33j
b34a
b35b
b35c
b35d
b35e
b35f
b35g
b35h
b35i
b35j
b36a
b36b
b36¢c
b36d
b36e
b 36f
b36g
b36h
b36i
b36j
b37a
b37b
b37c
b37d
b37e
b37f

48.31
23.44
15.77
10.81
8.34
10.11
11.08
15.98
20.33
48.74
22.38
15.98
16.74
9.02
14.27
13.11
16.99
32.74
17.06
17.34
19.22
20.07
19.31
8.97
10.88
9.37
21.09
34.01
18.34
20.08
11.71
13.27
19.14
7.03
5.08
3.76
9.77
15.98
20.33
48.74
22.38
15.98
16.74
9.02
14.27
13.11
16.99
32.74
17.06
13.27
19.14
8.34
10.11

8.97
9.02
3.82
2.08
0.82
0.22
1.01
4.93
3.27
7.03
4.07
5.32
4.01
1.92
0.31
0.12
2.87
0.31
3.02
491
4.08
4.21
6.02
431
3.99
5.67
4.38
3.92
121
2.02
1.09
1.79
0.02
0.09
1.87
1.72
0.02
4.93
3.27
7.03
4.07
5.32
4.01
1.92
0.31
0.12
2.87
0.31
3.02
1.79
0.02
0.82
0.22

42.72
67.54
80.41
87.11
90.84
89.67
87.91
79.09
76.40
44.23
73.55
78.70
79.25
89.06
85.42
86.77
80.14
66.95
79.92
77.75
76.70
75.72
86.71
86.72
85.13
84.96
74.53
62.07
80.45
77.90
87.20
84.94
80.84
92.88
93.05
94.52
90.21
79.09
76.40
44.23
73.55
78.70
79.25
89.06
85.42
86.77
80.14
66.95
79.92
84.94
80.84
90.84
89.67
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Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b37g
b37h
b37i
b37j
b38a
b38b
b38c
b38d
b38e
b38f
b38g
b38h
b38i
b38j
b39%a
b39b
b39c
b39d
b39%e
b39f
b39g
b39h
b39i
b39j
b40a
b40b
b40c
b40d
b40e
b40f
b40g
b40h
b40i
b40j
b4la
b41b
b4lc
b41d
b4le
b41f
b4lg
b41h
b41i
b41j
b42a
b42b
b42c
b42d
b42e
b42f
b42g
b42h
b42i

11.08
15.98
20.33
48.74
22.38
15.98
16.74
9.02
14.27
13.11
16.99
32.74
17.06
17.34
19.22
20.07
19.31
8.97
10.88
9.37
21.09
34.01
18.34
20.08
11.71
13.27
19.14
7.03
5.08
3.76
9.77
11.08
15.98
20.33
48.74
22.38
15.98
16.74
9.02
14.27
13.11
16.99
32.74
17.06
17.34
19.22
20.07
19.31
8.97
10.88
9.37
21.09
34.01

1.01
4.93
3.27
7.03
4.07
5.32
4.01
1.92
0.31
0.12
2.87
0.31
3.02
491
4.08
4.21
6.02
431
3.99
5.67
4.38
3.92
1.21
2.02
1.09
1.79
0.02
0.09
1.87
1.72
0.02
1.01
4.93
3.27
7.03
4.07
5.32
4.01
1.92
0.31
0.12
2.87
0.31
3.02
491
4.08
421
6.02
431
3.99
5.67
4.38
3.92

87.91
79.09
76.40
44.23
73.55
78.70
79.25
89.06
85.42
86.77
80.14
66.95
79.92
77.75
76.70
75.72
86.71
86.72
85.13
84.96
74.53
62.07
80.45
77.90
87.20
84.94
80.84
92.88
93.05
94.52
90.21
87.91
79.09
76.40
44.23
73.55
78.70
79.25
89.06
85.42
86.77
80.14
66.95
79.92
77.75
76.70
75.72
86.71
86.72
85.13
84.96
74.53
62.07
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Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b42j
b43a
b43b
b43c
b43d
b43e
b43f
b43g
b43h
b43i
b43j
b44a
b44b
b44c
b44d
b44e
b44f
b44g
b44h
b44i
b44j
b45a
b45b
b45c
b45d
b45e
b45f
b45g
b45h
b45i
b45j
b46a
b46b
b46c
b46d
b46e
b46f
b46g
b46h
b46i
b46j
b47a
b47b
b47c
b47d
b47e
b47f
b47g
b47h
b47i
b47j
b48a
b48b

18.34
20.08
11.71
13.27
19.14
9.77
15.98
20.33
48.74
22.38
15.98
16.74
9.02
14.27
13.11
11.71
13.27
19.14
7.03
5.08
3.76
13.11
10.73
14.72
10.27
12.34
12.27
11.99
10.24
9.77
8.84
8.09
10.72
10.09
6.78
341
5.86
10.17
10.98
5.72
4.98
10.17
15.68
14.22
16.13
10.77
13.11
10.73
14.72
10.27
12.34
12.27
11.99

1.21
2.02
1.09
1.79
0.02
0.02
4.93
3.27
7.03
4.07
5.32
4.01
1.92
0.31
0.12
1.09
1.79
0.02
0.09
1.87
1.72
2.07
3.02
2.01
231
2.04
1.09
0.92
1.07
0.04
0.03
0.01
0.71
0.02
0.11
0.01
1.02
0.00
0.00
0.03
1.72
0.00
1.09
0.00
1.31
0.01
2.07
3.02
2.01
231
2.04
1.09
0.92

80.45
77.90
87.20
84.94
80.84
90.21
79.09
76.40
44.23
73.55
78.70
79.25
89.06
85.42
86.77
87.20
84.94
80.84
92.88
93.05
94.52
84.82
86.25
83.27
87.42
85.62
86.64
87.09
88.69
90.19
91.13
83.81
88.57
89.89
93.11
96.58
93.12
89.83
89.02
94.25
93.30
89.83
83.23
85.78
82.56
89.22
84.82
86.25
83.27
87.42
85.62
86.64
87.09

48

Legenda

CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO lII
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b48c
b48d
b48e
b48f

b48g
b48h
b48i

b48j

b49a
b49b
b49c
b49d
b49e
b49f

b49g
b49h
b49i

b49j

b50a
b50b
b50c
b50d
b50e
b50f

b50g
b50h
b50i

b50j

b5la
b51b
b51c
b51d
b51le
b51f

b51g
b51h
b51i

b51j

b52a
b52b
b52c
b52d
b52e
b52f

b52g
b52h
b52i

b52j

b53a
b53b
b53c
b53d
b53e

10.24
9.77
8.84
8.09

10.72

10.09
6.78
341
5.86

10.17

10.98
5.72
4.98

10.17

15.68

14.22

16.13

10.77

11.99

10.24
9.77
8.84
8.09

10.72

10.09
6.78
341
5.86

10.17

10.98
5.72
4.98

10.17

15.68

14.22

16.13

10.77

13.11

10.73

14.72

10.27

12.34

12.27

11.99

10.24
9.77
8.84
8.09

10.72

10.09
6.78
3.41
5.86

1.07
0.04
0.03
0.01
0.71
0.02
0.11
0.01
1.02
0.00
0.00
0.03
1.72
0.00
1.09
0.00
1.31
0.01
0.92
1.07
0.04
0.03
0.01
0.71
0.02
0.11
0.01
1.02
0.00
0.00
0.03
1.72
0.00
1.09
0.00
1.31
0.01
2.07
3.02
2.01
2.31
2.04
1.09
0.92
1.07
0.04
0.03
0.01
0.71
0.02
0.11
0.01
1.02

88.69
90.19
91.13
83.81
88.57
89.89
93.11
96.58
93.12
89.83
89.02
94.25
93.30
89.83
83.23
85.78
82.56
89.22
87.09
88.69
90.19
91.13
83.81
88.57
89.89
93.11
96.58
93.12
89.83
89.02
94.25
93.30
89.83
83.23
85.78
82.56
89.22
84.82
86.25
83.27
87.42
85.62
86.64
87.09
88.69
90.19
91.13
83.81
88.57
89.89
93.11
96.58
93.12
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CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b53f
b53g
b53h
b53i
b53j
b54a
b54b
b54c
b54d
b54e
b54f
b54g
b54h
b54i
b54j
b55a
b55b
b55c
b55d
b55e
b55f
b55¢g
b55h
b55i
b55j
b56a
b56b
b56¢
b56d
b56e
b56f
b56g
b56h
b56i
b56j
b57a
b57b
b57c
b57d
b57e
b57f
b57g
b57h
b57i
b57j
b58a
b58b
b58c
b58d
b58e
b58f
b58g
b58h

10.17
10.98
5.72
4.98
10.17
15.68
14.22
16.13
10.77
10.09
6.78
341
5.86
10.17
10.98
5.72
4.98
10.17
15.68
14.22
16.13
10.77
11.99
10.24
9.77
8.84
8.09
10.72
10.09
6.78
14.22
16.13
10.77
13.11
10.73
14.72
10.27
12.34
12.27
11.99
10.24
9.77
8.84
8.09
10.72
10.09
6.78
14.22
16.13
10.77
13.11
10.73
14.72

0.00
0.00
0.03
1.72
0.00
1.09
0.00
1.31
0.01
0.02
0.11
0.01
1.02
0.00
0.00
0.03
1.72
0.00
1.09
0.00
1.31
0.01
0.92
1.07
0.04
0.03
0.01
0.71
0.02
0.11
0.00
1.31
0.01
2.07
3.02
2.01
2.31
2.04
1.09
0.92
1.07
0.04
0.03
0.01
0.71
0.02
0.11
0.00
1.31
0.01
2.07
3.02
2.01

89.83
89.02
94.25
93.30
89.83
83.23
85.78
82.56
89.22
89.89
93.11
96.58
93.12
89.83
89.02
94.25
93.30
89.83
83.23
85.78
82.56
89.22
87.09
88.69
90.19
91.13
83.81
88.57
89.89
93.11
85.78
82.56
89.22
84.82
86.25
83.27
87.42
85.62
86.64
87.09
88.69
90.19
91.13
83.81
88.57
89.89
93.11
85.78
82.56
89.22
84.82
86.25
83.27
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CLASSE | - VERMELHO/COLAGENO |
CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b58i
b58j
b59a
b59b
b59c
b59d
b59e
b59f
b59g
b59h
b59i
b59j
b60a
b60b
b60c
b60d
b60e
b60f
b60g
b60h
b60i
b60j
b6la
b61b
b6lc
b61d
b6le
b61f
b61g
b61h
b61i
b61j
b62a
b62b
b62c
b62d
b62e
b62f
b62g
b62h
b62i
b62j
b63a
b63b
b63c
b63d
b63e
b63f
b63g
b63h
b63i
b63j
b64a

10.27
12.27
11.99
10.24
9.77
8.84
8.09
10.72
10.09
12.34
12.27
11.99
11.99
10.24
9.77
8.84
8.09
10.72
10.09
6.78
341
5.86
7.14
6.98
7.06
3.49
2.08
9.72
4.73
2.99
9.02
4.01
3.99
2.03
4.79
5.89
9.02
5.04
15.02
11.97
10.09
10.38
11.27
2.98
271
4.54
2.87
8.92
8.77
14.88
16.32
9.14
10.77

231
1.09
0.92
1.07
0.04
0.03
0.01
0.71
0.02
2.04
1.09
0.92
0.92
1.07
0.04
0.03
0.01
0.71
0.02
0.11
0.01
1.02
3.07
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.02
0.01
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.02
0.02
0.00
0.01
0.01
0.01
0.81
0.01
0.01

87.42
86.64
87.09
88.69
90.19
91.13
83.81
88.57
89.89
85.62
86.64
87.09
87.09
88.69
90.19
91.13
83.81
88.57
89.89
93.11
96.58
93.12
89.79
93.02
92.93
96.50
97.91
90.28
95.27
97.01
90.98
95.99
96.01
95.93
95.19
94.09
90.97
94.95
84.97
88.01
89.91
89.62
88.73
97.01
94.56
95.44
97.13
91.07
82.45
85.11
82.87
90.85
89.22
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CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b64b
b64c
b64d
b64e
b64f
b64g
b64h
b64i
b64j
b65a
b65b
b65c
b65d
b65e
b65f
b65g
b65h
b65i
b65j
b66a
b66b
b66¢c
b66d
b66e
b 66f
b66g
b66h
b66i
b66j
b67a
b67b
b67c
b67d
b67e
b67f
b67g
b67h
b67i
b67j
b68a
b68b
b68c
b68d
b68e
b68f
b68g
b68h
b68i
b68j
b69a
b69b
b69c
b69d

9.78
12.69
8.74
10.92
11.33
10.98
6.51
12.11
9.72
8.13
14.21
13.14
15.78
17.11
12.33
8.17
7.25
9.47
6.52
10.63
11.41
15.17
14.23
12.68
15.14
7.14
6.98
7.06
3.49
2.08
9.72
4.73
2.99
9.02
4.01
3.99
2.03
4.79
5.89
9.02
5.04
15.02
11.97
10.09
10.38
11.27
2.98
271
4.54
2.87
8.92
8.77
14.88

0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.97
0.86
1.23
0.74
0.53
3.07
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.02
0.01
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.02
0.02
0.00
0.01
0.01
0.01

90.22
87.30
91.25
89.07
88.66
89.02
93.48
87.88
90.27
91.87
85.79
86.86
84.22
82.89
87.67
91.83
92.75
90.53
93.48
89.37
86.62
83.97
84.54
86.58
84.33
89.79
93.02
92.93
96.50
97.91
90.28
95.27
97.01
90.98
95.99
96.01
95.93
95.19
94.09
90.97
94.95
84.97
88.01
89.91
89.62
88.73
97.01
94.56
95.44
97.13
91.07
82.45
85.11
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CLASSE 2 = VERDE/ COLAGENO llI
CLASSE 3 = PRETO/OUTROS

GRUPOS
37-48 3 meses
lal2 6 meses
13-24 9 meses
25-36 12 meses
49-60 18 meses
61-72 24 meses




b69e
b69f
b69g
b69h
b69i
b69j
b70a
b70b
b70c
b70d
b70e
b70f
b70g
b70h
b70i
b70j
b71a
b71b
b71c
b71d
b71e
b71f
b71g
b71h
b71i
b71j
b72a
b72b
b72c
b72d
b72e
b72f
b72g
b72h
b72i
b72j

16.32
9.14
10.77
9.78
12.69
8.74
10.92
11.33
10.98
6.51
16.14
6.98
9.37
10.64
9.11
7.52
10.67
10.98
16.75
10.36
9.17
12.62
9.57
10.19
8.51
10.13
591
3.77
5.92
8.56
10.43
7.05
9.32
8.11
11.57
12.69

0.81
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.03
1.17
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.01
0.01

82.87
90.85
89.22
90.22
87.30
91.25
89.07
88.66
89.02
93.48
83.86
93.02
90.62
89.36
90.88
92.47
89.33
88.99
82.08
89.64
90.83
87.38
90.43
89.80
91.49
89.87
94.09
96.23
94.08
91.44
89.57
92.95
90.66
91.89
88.42
87.30
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Apéndice Il — Peso dos Animais — Comparacao entre 0Ss grupos

54

Variavel Grupo n Média Mediana | Minimo | Maximo DeSVNID Valor de
padrao p*
3 meses | 12 3791 379,5 328 438 29,6
6 meses | 12 457,4 449,0 404 555 45,0
Peso do Animal (g) 9 meses | 12 514,0 520,0 464 589 40,9
12 meses | 12 555,5 563,0 485 610 36,5
18 meses | 12 542,7 550,5 412 673 81,3
24 meses | 12 523,8 529,5 456 616 59,8 <0,001
*ANOVA com um fator, p<0,05
Grupos comparados Valor de
(peso dos animais) p
3x6 <0,001
3x9 <0,001
3x12 <0,001
3x18 <0,001
3x24 <0,001
6x9 0,009
6x12 <0,001
6x18 <0,001
6x24 0,003
9x12 0,054
9x18 0,180
9x 24 0,646
12x18 0,546
12x24 0,138
18x24 0,374




Apéndice Il — Estatura dos Animais — Comparagao entre 0S grupos

Variavel Grupo hn Média Mediana | Minimo | Maximo Desvlo Valor de
padrao p*
3 meses | 12 22,4 223 21 24 1,15
6 meses | 12 24,2 239 23 26,5 1,08
Estatura do Animal 9 meses | 12 26,7 26,9 25 28 0,89
(cm) 12 meses | 12 27,0 26,8 24 30 1,57
18 meses | 12 27,3 27,0 26 29 1,14
24 meses | 12 25,5 26,0 24 28 1,17 <0,001
*ANOVA com um fator, p<0,05
Grupos comparados Valor de
(estatura dos animais) D
3x6 <0,001
3x9 <0,001
3x12 <0,001
3x18 <0,001
3x24 <0,001
6x9 <0,001
6x12 <0,001
6x18 <0,001
6x24 0,009
9x12 0,583
9x18 0,288
9x24 0,013
12 x18 0,606
12x24 0,003
18x24 0,001
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ANEXOS

Anexo | — Certificado de Aprovac&o pelo Comité de Etica

== - Ministério da Educagao
M [ f EM [ UNIVERSIDADE FEDERAL DO PARANA

e Setor de Ciéncias Bioldgicas

U F P R Comité de Etica em Experimentacdo Animal
(CEEA)

UNIVERSIDADE FEDERAL DO PARANA

N° 463

CERTIFICADO

O Comité de Etica em Experimentagdo Animal (CEEA) do Setor de Ciéncias
Biologicas da Universidade Federal do Parand, instituido pela PORTARIA N° 787/03-BL,
de 11 de junho de 2003, com base nas normas para a constituicdo e funcionamento do
CEEA, estabelecidas pela RESOLUCAO N° 01/03-BL, de 09 de maio de 2003 e
considerando o contido no Regimento Interno do CEEA, CERTIFICA que os
procedimentos utilizando animais no projeto de pesquisa abaixo especificado, estdo de
acordo com os principios éticos estabelecidos pelo Colégio Brasileiro de Experimentagéo
Animal (COBEA) e exigéncias estabelecidas em “Guide for the Care and Use of
Experimental Animals (Canadian Council on Animal Care)’.

CERTIFICATION

The Ethics Animal Experiment Committee of the Setor de Ciéncias Bioldgicas of
the Federal University of Parana, established by the DECREE N° 787/03-BL on June 11th
2003, based upon the RESOLUTION N° 01/03-BL from May 9th 2003, and upon the
CEEA internal regiment, CERTIFIES that the procedures using animals in the research
project specified below are in agreement with the ethical principals established by the
Experimental Animal Brazilian Council (COBEA), and with the requirements of the “Guide
for the Care and Use of Experimental Animals (Canadian Council on Animal Care)”.

PROCESSO: 23075.032620/2010-10 APROVADO: 17/08/2010 — R.0. 07/2010
TITULO: Avaliagéo anatomo-fisioldgica do envelhecimento urogenital masculino

AUTORES: Rogério de Fraga, Edison Luiz P. Farias, Djanira Veronez, Ciro Alberto de
Oliveira Ribeiro, Marta Margarete Cestari, Helena Cristina Silva de Assis, Francisco
Filipak Neto, Alanna Silva Huk, Larissa Remonti Bessani

DEPARTAMENTO: Anatomia

\

/() [ )
( 1@/{ MO\ ,E'ji «L ﬂklifh QIS

Prof. Dr. Aleksander Roberto Zampronio
Coordenador do CEEA
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