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RESUMO

Introducao: As células de Leydig sao responsaveis pela producao de testosterona e
sofrem os efeitos deletérios do envelhecimento. Com o avancar da idade, ocorre
uma diminuicdo na esteroidogénese por alteragbes celulares ainda pouco
conhecidas. Obijetivos: Analisar os efeitos do envelhecimento nos ratos sobre o
volume nuclear, citoplasmatico, volume total e o numero absoluto das células de
Leydig. Material e métodos: Selecionados 72 ratos machos Wistar, aleatoriamente
divididos em seis subgrupos com 12 roedores cada. Os animais foram submetidos a
orquietomia direita aos 3, 6, 9, 12, 18 e 24 meses de vida. Foram avaliados o peso e
o volume do testiculo direito. Realizado estudo estereoldgico das células de Leydig
com medidas do volume nuclear, citoplasmatico, volume total e contabilizado o
numero destas células. Resultados: O peso e o volume dos testiculos apresentaram
redugdes que acompanharam o desenvolvimento corporal dos ratos. O volume
nuclear apresentou reducédo no subgrupo de ratos com 24 meses de vida. O volume
citoplasmatico e o volume total das células de Leydig apresentaram redugdes
significativas nos subgrupos de ratos idosos (18 e 24 meses). Ndo houve redugao na
contagem das células de Leydig nos subgrupos. Conclusao: O envelhecimento nos
ratos causou alteragdes nas células de Leydig, caracterizadas pela redugdo do
volume nuclear, citoplasmatico e total. Nao houve variagdo numeérica destas células.

Palavras-chave: Envelhecimento. Ratos. Testiculo. Células de Leydig. Estereologia.
Hipogonadismo. Testosterona.



ABSTRACT

Introduction: Leydig cells are responsible for producing testosterone and suffer the
deleterious effects of time. With aging, there is a decrease in testosterone production
due to cellular changes that remain unknown. Purpose: To analyze the effects of
aging in rats on the nuclear volume, cytoplasmic volume, and total volume of Leydig
cells, as well as their number. Methods: Seventy-two Wistar rats were divided into
six subgroups of 12 rats, which underwent right orchiectomy at 3, 6, 9, 12, 18, and 24
months of age. The weight and volume of the resected testicles were assessed. A
stereological study of Leydig cells was conducted, which included measurements of
cell number and nuclear, cytoplasmic, and total cell volumes. Results: The weight
and volume of the resected testicles showed reductions with age. Only the subgroup
composed of 24-month old rats showed a decrease in the nuclear volume of Leydig
cells. Significant reductions in the cytoplasmic volume and total volume of Leydig
cells were observed in 18- and 24-month old rats. The number of Leydig cells did not
vary significantly with age. Conclusion: Aging in rats resulted in reduction of the
nuclear, cytoplasmic, and total cell volumes of Leydig cells. There was no change in
the total number of these cells during aging.

Keywords: Aging. Rats. Leydig Cells. Testicle. Hypogonadism. Testosterone.
Stereology.
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1 INTRODUCAO

A evolugao das sociedades atuais proporcionou um aumento na expectativa
de vida com consequente ampliagdo da populagao idosa mundial. Este fenbmeno
vem transformando as piramides etarias e pode ser considerado uma conquista,
oferecendo maior qualidade de vida (VERAS, 2009).

Segundo definicdo da Politica Nacional, idosos sao os individuos que estéao
na faixa etaria dos 60 anos ou mais. No Brasil, calcula-se que 20.590.599 milhdes
de pessoas tenham atingido esta idade, em torno de 10,8% da populagédo. Os
brasileiros enfrentam um envelhecimento populacional rapido e significativo. Desde
a década de 40 as maiores taxas de crescimento populacional encontram-se nos
idosos. Entre 1980 e 2005, este crescimento foi de 126,3%, comparados ao
crescimento da populacéo total de 55,3% (KUCHEMANN, 2012).

Dentre as varias alteracdes observadas com o avanco da idade, encontra-se
a funcédo gonadal. Estima-se que ocorra um declinio hormonal em 7% dos homens
com menos de 60 anos, 20% em homens com mais de 60 anos, 30% naqueles com
mais de 70 anos e 50% em homens acima de 80 anos de idade (HARMAN et al.,
2001). O envelhecimento pode reduzir os niveis de testosterona produzidos pelos
testiculos em aproximadamente 1% a 2% ao ano (FELDMAN et al.,, 2002). O
declinio na testosterona associado a sintomas clinicos caracteriza o Disturbio
Androgénico do Envelhecimento Masculino (DAEM) (MORALES; LUNENFELD,
2002). Alteragdes estruturais no corpo como: perda de massa muscular, problemas
na cognigao, depressao, perda da libido, disfungéo erétil e também doengas como
diabetes e sindrome metabdlica sdo consequéncias dos niveis diminuidos de
andrégenos (BASSIL; ALKAADE; MORLEY, 2009; MATSUMOTO, 2002).

Atualmente, existe um grande interesse na terapia de reposi¢ao hormonal
(BASARIA, 2013; JASUJA, 2015). A utilizagdo do tratamento com testosterona
exogena eleva os niveis de testosterona para os limites da normalidade (DIAS,
2017).

O testiculo é uma glandula com fungdes exdcrinas e enddcrinas advindas
dos seus compartimentos funcionais: tubular e intersticial, respectivamente
(RUSSELL et al.,, 1990). O compartimento tubular € o mais extenso setor do
parénquima testicular. Ele é composto por tubulos seminiferos, células peritubulares,

matriz extracelular e € responsavel pela espermatogénese. Em contrapartida, a
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porgdo intersticial (que ocupa 10% a 30% deste 6rgao) é formada por vasos
sanguineos, linfaticos, nervos, populagéo celular mista (macréfagos, fibroblastos) e
principalmente pelas células de Leydig (HALES, 2002; RUSSELL et al., 1990;).
Apresentando um formato poligonal, a célula de Leydig tem caracteristicas
microscopicas eosinofilicas (PELLINIEMI; KUOPIO; FROJDMAN, 1996). Esta célula
foi descoberta em 1850 por Franz Leydig, ela esta intimamente relacionada com a
producdo hormonal de testosterona (FAWCET; NEAVES; FLORES, 1973).
Produzindo andrégenos, a célula de Leydig tem grande relevancia na diferenciagao
e desenvolvimento do trato genital masculino. Ela apresenta papel trivial no
surgimento dos caracteres sexuais secundarios, na manutengdo do processo
espermatogénico e desempenho sexual dos homens (HEIDELBAUGH, 2010;
PELLINIEMI; KUOPIO; FROJDMAN, 1996).

FIGURA 1 — ANALISE MICROSCOPICA DO TESTICULO DE RATOS WISTAR. COMPONENTE
TUBULAR E INTERSTICIAL

$

FONTE: O autor (2016).

Ap6s atingir a idade adulta, o horménio luteinizante (LH) se torna o principal
regulador e estimulador das células de Leydig. Em resposta ao GnRH proveniente
do hipotalamo, o LH é liberado pela adeno-hipdfise de forma pulsatil na circulagéo
periférica (VELDHUIS, 2008). A produgéao de testosterona envolve a interagéo do LH
com seus receptores resultando em um aumento intra-celular de AMPc com

posterior ativagdo da proteina quinase A (PKA) AMPc dependente. A PKA
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desencadeia mecanismos que resultam na entrada do colesterol nas membranas
das mitocOndrias através das proteinas de translocagdo (TSPO) e proteina
reguladora aguda esteroidogénica ativada (StAR) (ANDRIC et al., 2010). Nas
mitocondrias, o colesterol € convertido em pregnenolona por inUmeras enzimas
catabodlicas responsaveis pela esteroidogénese. Posteriormente, no reticulo
endoplasmatico liso, ocorre a conversao da pregnenolona em testosterona (PAYNE;
HALES, 2004). Este horménio esterdide e seus sub-produtos, fazem o feedback
negativo no hipotalamo e hipdfise, suprimindo o LH (BREMNER et al., 1993).

FIGURA 2 — FUNCIONAMENTO ESQUEMATICO DAS CELULAS DE LEYDIG NA PRODUGAO DE
TESTOSTERONA

b) b

»
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Fonte: PEAK (2016).

Diversos estudos demonstram um declinio nos niveis de testosterona com o
envelhecimento, mesmo na auséncia de doengcas (HARMAN et al., 2001). Assim

como nos humanos, os ratos também apresentam diminuicdo na concentragcao
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sérica de testosterona com o avancgar da idade (CHEN; LUO; ZIRKIN, 1994). Nos
ratos da raga Wistar, considera-se um animal idoso quando sua capacidade de
produ¢ado hormonal e reprodutiva € reduzida, em torno dos 15 a 20 meses de vida
(ZHAO, 2010).

Este hipogonadismo senil poderia ser justificado por uma diminuicdo do
numero ou hipotrofia das células de Leydig, mas também por uma diminuicdo da
resposta testicular ao estimulo das gonadotrofinas (VELDHUIS, 2008). Foi
observado nos estudos de Castro, Berndtson e Cardoso (2002) que existe uma
correlagao significativa entre o numero de células de Leydig por grama de testiculo
com os niveis séricos de testosterona (CASTRO; BERNDTSON; CARDOSO, 2002).

A estereologia, € um método que sistematiza as amostras e as analisa
aleatoriamente para fornecer um resultado quantitativo com um minimo viés. A
utilizacdo desta ferramenta, permite aos pesquisadores obterem dados confiaveis
independentemente da forma, tamanho e orientacdo espacial de um determinado
orgao. As analises estereoldgicas podem estudar parametros histolégicos e
celulares de quaisquer tecido. Alguns desafios praticos estdo presentes em 6rgaos
anisotrépicos, os quais nao possuem distribuicdo celular definida. O testiculo € um
deles, portanto, sdo necessarias amostras sistematicas para evitar o viés
(NOORAFSHAN, 2014).

Utilizar a estereologia para analisar as células de Leydig nos testiculos de
ratos, auxiliaria num maior entendimento da disfuncdo hormonal da testosterona.
Devido a grande importancia clinica do tema, este estudo visa analisar alteracdes
volumétricas e numéricas das células de Leydig durante o processo natural do

envelhecimento.

1.1 OBJETIVOS

O presente estudo foi proposto com os seguintes objetivos:

a) avaliar através da estereologia o volume nuclear, o volume citoplasmatico,
o volume total e o numero absoluto das células de Leydig; utilizando ratos
em diferentes fases de suas vidas.

b) analisar as caracteristicas fisicas dos ratos (peso e altura) e dos testiculos

(peso e volume) durante o envelhecimento;
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2 ANIMAIS E METODOS

O experimento realizado seguiu rigorosamente todos os principios éticos da
experimentagdo animal estabelecidos pelo Colégio Brasileiro de Experimentagao
Animal (COBEA) e as exigéncias do Canadian Concil on Animal Care (1993).

Este trabalho derivou de um projeto previamente aprovado pela Comissao
de Etica em Experimentacdo Animal (CEEA) do Setor de Ciéncias Bioldgicas da
Universidade Federal do Parana (UFPR), intitulado: “Avaliagcdo anatomo-fisiologica
do envelhecimento urogenital masculino”. Seguindo as normas e rotinas foi

apreciado e aprovado sob o processo de numero: 23075.032620/2010-10 (Anexo 1).
2.1 GRUPOS

Para realizacdo do presente estudo foram utilizados 72 ratos albinos da
linhagem Wistar (Rattus novergicus albinus, Rodentia, Mammalia), do sexo
masculino. Estes animais foram mantidos em gaiolas de polietiieno com medidas de
60 x 50 x 22 cm e distribuidos em grupos de trés animais por gaiola. As gaiolas
foram devidamente identificadas com o nome do experimento e data de nascimento
dos animais. A umidade e temperatura do ar (22 graus Celsius) foram controladas,
realizado ciclo claro/escuro de doze horas. Os roedores foram mantidos livres de

ruidos externos, receberam agua filtrada e ragdo comercial padrao especifica para a

espécie (Nuvilab - Nuvital® — Colombo, Parana, Brasil), ad libitum durante todo o
periodo do experimento.
Os ratos foram divididos aleatoriamente em seis grupos de doze animais

cada, sendo mortos conforme os diferentes tempos de vida de cada grupo:

Grupo 1: Grupo 2: Grupo 3: Grupo 4: Grupo 5: Grupo 6:
G1 G2 G3 G4 G5 G6
(3 meses) (6 meses) (9 meses) (12 meses) (18 meses) (24 meses)

2.2 EXPERIMENTACAO
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A execugdo do experimento ocorreu no Departamento de Anatomia do
Centro Politécnico da UFPR (Curitiba, PR) em dias pré-determinados. Os animais,
divididos em grupos por suas respectivas idades, foram separados em gaiolas
individuais até o laboratério para sua morte e coleta de materiais.

Foram realizadas as medidas corporais dos animais: peso (balanca
calibrada ultrassensivel), estatura (medigdo com paquimetro digital) e calculo do
indice de Massa Corpoérea (IMC), através da férmula: peso (em gramas) / estatura
(em cm?).

Os animais foram anestesiados com solucido de Cloridrato de Cetamina
(57,67mg/ml) associado a 2% de Cloridrato de Xilazina (0,2g/10 mL), com aplicagao
de 1ml/1000 gramas de peso vivo, via intraperitoneal. Apds o procedimento
anestésico, os roedores foram fixados com fita adesiva em prancha cirurgica e
submetidos a incisdo mediana téraco-abdominal. Com acesso ao coragdo, 0s
ventriculos foram puncionados e coletado 5-10 mL de amostra sanguinea para
analise bioquimica. Na sequéncia, realizado incisdo dos ventriculos causando
exsanguinacao e inducao de parada cardiorrespiratoria. O ato operatério prosseguiu
com a realizagdo da orquiectomia bilateral e retirada de demais 6rgéos. O testiculo
direito foi selecionado e pesado em balanga de precisdo semi analitica (Shimadzu,
BL220S). Suas dimensdes (comprimento, largura, profundidade) foram mensuradas
com o uso de paquimetro digital (Digimess®), sendo registrados os dados para
analise. Posteriormente, o testiculo direito foi incisado em 2mm de extensido e
profundidade no podlo superior, terco médio e pélo inferior. Subsequentemente, o
orgao foi submerso e fixado em ALFAC (85 partes de alcool etilico 80%, 10 partes
de formaldeido 40% e 5 partes de acido acético glacial, preparado no momento do

uso) por 16 horas.
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FIGURA 3 — MEDICAO DO TESTICULO COM FIGURA 4 — ORQUIECTOMIA DIREITA
PAQUIMETRO Y

Fonte: O autor (2016).
Fonte: O autor (2016).

Apés a fixagdo, as pegas permaneceram em alcool 70% e em seguida este
material foi desidratado em uma série decrescente de xilol e alcoois para serem
incluidos em parafina e emblocados. Como o testiculo € um 6rgéo anisotropico,
utilizou-se o método do Orientator (MATTFELDT; MOBIUS; MALL, 1985) para
obtencdo de cortes aleatoérios e uniformes (FIGURA 5). Apoiado sobre o primeiro
plano de corte procede-se um segundo corte, perpendicular ao primeiro, mas com
direcéo aleatdria. Posteriormente, apoiou-se a parte restante do segmento do 6rgao
sobre a segunda face de corte e procede-se o terceiro corte, perpendicular ao
segundo, mas com diregdo também aleatéria. Desta forma, o parénquima testicular
organizou-se uniformemente em isotrépico. Os materiais selecionados foram
submetidos aos cortes sucessivos em micrétomo com 5 ym de espessura (American
Optical, Spencer AO 820). A amostragem do tecido testicular foi realizada com dois
cortes, excluindo entres eles trés cortes de 5um, totalizando espessura de 25um
entre os planos para a determinagado dos parametros quantitativos tridimensionais.
Foram montados 3 cortes por lamina e corados pelo método HE (hematoxicilina e
eosina) (Figuras 6). Para determinar a tridimensao do testiculo nas diferentes faixas
etarias pré-determinadas, foram utilizados o método estereolégico Sistema-teste
M,,. Esse foi superposto as imagens histoldgicas para a contagem de pontos e de
intersercgbes-teste (FIGURA 3).

Os testiculos esquerdos foram armazenados (congelados em freezer -80°c)
para futuro estudo sobre estress oxidativo. Outros érgédos como: rins, bexiga, figado,

pénis, cérebro, coracao e aorta foram utilizados em outros estudos.
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FIGURA 5 — CORTE DOS TESTICULOS FIGURA 6 — LAMINAS DOS TESTICULO

Fonte: O autor (2016). Fonte: O autor (2016)

FIGURA 7 — ANALISE MxlCROSCC')PICA, DAS CELULAS DE LEYDIG

2 >
Fo

nte: O autor (2016).



Fonte: O autor (2016).
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FIGURA 9 — SISTEMA-TESTE M42 SUPERPOSTO AO PARENQUIMA TESTICULAR. DISTANCIA
‘D" =100 MIQMETOS._A!\/IENTO DE 400X

| V: 0] autr(206). "
2.3 ANALISE MORFOLOGICA, MORFOMETRIA

Dados das medidas corporais e testiculares foram obtidos conforme
descrigdo prévia da experimentagao.

O volume testicular foi calculado usando a formula: comprimento x largura x
altura x 0.523 (SAKAMOTO et al., 2007).

2.4 PLANEJAMENTO EXPERIMENTAL ESTATISTICO

As laminas confeccionadas foram processadas eletronicamente. Captadas
imagens de dez campos histoldgicos aleatoérios de cada testiculo estudado. Utilizado
fotomicroscopio Axiophoto (Zeiss, D-7082) com aumento de 400 vezes para as
analises quantitativas e volumétricas das células de Leydig. As imagens congeladas

e digitalizadas foram analisadas por meio do Software MetaSystem / VSViewer.
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2.4.1 Estudo estereoldgico das células de Leydig

Calculado os volumes nuclear, citoplasmatico e em seguida o volume total
das células de Leydig. O numero absoluto destas células foi obtido através da

densidade numérica.

2.4.1.1 Volume Nuclear (VN) das células de Leydig

Para obtencdo do diametro nuclear médio das células de Leydig foram
analisadas imagens microscopicas captadas com objetiva de 40 vezes. Mensurados
e selecionados para cada animal, 10 nucleos com contorno circular, cromatina
perinuclear e nucléolos bem evidentes.

O célculo do VN utilizou a formula VN = 4/3 = R®: onde R = raio nuclear.

2.4.1.2 Volume Citoplasmatico (VC) das células de Leydig

O VC foi calculado a partir da formula VC = %citoplasma X VN% nucleo.

2.4.1.3 Volume Total (VOL) das células de Leydig

O VOL foi obtido somando o VN ao VC. Estes valores foram expressos em

micrdmetros cubicos (um?).

2.4.1.4 Numero Absoluto (NA) das células de Leydig

O método Physical Disector (Sterio, 1984) foi utilizado para identificagdo do
namero absoluto (NA) das células de Leydig. O disector foi obtido por meio das
fotomicrografias realizadas no fotomicroscopio Axiophoto (Zeiss, D-7082) de 10
campos microscopicos iguais, a partir dos cortes sucessivos do testiculo. Este
método consiste na contagem de nudcleos presentes na secgao referéncia e
ausentes na secgao look-up (secgao separada a partir de uma determinada altura da
seccgao referéncia). O mesmo procedimento foi realizado no sentido oposto, ou seja,
0 que era a secgao referéncia passa a ser a look-up. Esse procedimento foi adotado

para aumentar o numero de disectors.
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A aplicacdo dos disectors foi sistematica e aleatdria para cobrir todos os
cortes do testiculo.

A densidade numérica foi obtida dividindo a somatéria de Q de todos os
disectors pela somatoéria do volume total dos disectors (Vdis). Esta ultima variavel,

obtida pelo produto da area do Sistema-teste e altura do disector.

Vdis=a.h
Vdis = volume total dos disectors
a = area do Sistema-teste

h = altura do disector

Nv =2Q’/ ZVdis
Nv = densidade numérica das células de Leydig
2Q = somatéria das células de Leydig

2Vdis = somatéria do volume total dos disectors

2.5 ANALISE ESTATISTICA

Os parametros estatisticos deste estudo, foram realizados por meio da
analise de variancia one-way (ANOVA). Comparado os diferentes resultados de
cada grupo, utilizando teste t com post Hoc de Student Newman Keuls (SNK).

As andlises e graficos, foram gerados pelo software de estatistica GraphPad

Prism 6. O nivel de significancia adotado foi de 95% (p<0,05).
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3 ARTIGO

Os dados da presente tese — resultados e discussao — foram submetidos para
analise e publicagao no jornal cientifico Acta Cirargica Brasileira, (fator de impacto
0.1329 pela Scielo, em 2016) — anexos.
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Abbreviations:

Leydig cells (LC)

Testosterone (TT)

Group 1 (G1) / Group 2 (G2) / Group 3 (G3) / Group 4 (G4) / Group 5 (G5) / Group 6 (G6)
Leydig cell nuclear volume (LCNV)

Leydig cell cytoplasmic volume (LCCV)

Leydig cell total volume (LCTV)

Leydig cell absolute number (LCAN)

Numerical density (N,)

Abstract

Purpose: To analyze the effects of aging in rats on the nuclear volume, cytoplasmic volume,
and total volume of Leydig cells, as well as their number.

Methods: Seventy-two Wistar rats were divided into six subgroups of 12 rats, which
underwent right orchiectomy at 3, 6, 9, 12, 18, and 24 months of age. The weight and volume
of the resected testicles were assessed. A stereological study of Leydig cells was conducted,
which included measurements of cell number and nuclear, cytoplasmic, and total cell
volumes.

Results: The weight and volume of the resected testicles showed reductions with age. Only
the subgroup composed of 24-month old rats showed a decrease in the nuclear volume of
Leydig cells. Significant reductions in the cytoplasmic volume and total volume of Leydig
cells were observed in 18- and 24-month old rats. The number of Leydig cells did not vary
significantly with age.

Conclusion: Aging in rats resulted in reduction of the nuclear, cytoplasmic, and total cell
volumes of Leydig cells. There was no change in the total number of these cells during aging.

Keywords: Aging. Rats. Leydig Cells. Testicle. Hypogonadism. Testosterone. Stereology.



34

Introduction

A decline in gonadal function is one change that occurs in aging men (1). Even in the
absence of disease, testosterone (TT) produced by testicles decreases progressively with age
(2). This phenomenon, known as senile hypogonadism, has also been observed in rats (3).

Leydig cells (LCs), first discovered in 1850 by Franz Leydig, are closely associated
with production of the hormone TT (4). Given their role in the production of androgens, these
cells are important for differentiation and development of the male genital tract (5). However,
LCs suffer the deleterious effects of cell aging, and can gradually lose their capacity for TT
synthesis (6).

The mechanisms that cause this drop in steroidogenesis are still poorly understood (7).
Stereology, the histological examination of cell structures (8), might facilitate a better
understanding of this process. This study aims to evaluate volumetric and numeric changes in
Leydig cells during aging by examining rats of different ages.

Methods
Animal husbandry and surgery

This study followed the ethical principles established by the Brazilian College of
Animal Experimentation (COBEA) and was approved by the Federal University of Parana
(UFPR) Committee for Ethics in Research (case number 23075.032620/2010-10).

Seventy-two male albino Wistar rats (Rattus norvegicus var. albinus) were used for
the study. Relative humidity was maintained between 50% and 60%, and the ambient
temperature was maintained at 22 °C, with a 12-hour light/dark cycle and minimal external
noise. Access to water and standard food was provided on an ad libitum basis.

The rats were divided into six groups—designated G1 to G6—with 12 animals in each
group, which underwent orchiectomy at 3, 6, 9, 12, 18 and 24 months of age, respectively.

For surgical procedures, the rats were anesthetized intraperitoneally with ketamine
hydrochloride (57.67 mg/ml) and xylazine hydrochloride (2% w/v) at a dose of 1 ml/kg body
weight. A one-punch cardiac puncture was carried out in the morning for blood sampling and
induction of cardiac arrest by exsanguination. This was followed by resection of testicles,
kidneys, bladder, liver, brain, heart, aorta, and penis. The right testicle was weighed on a
high-precision electronic balance, and its dimensions (length, width, height) were measured
with a digital caliper. The remaining organs were used in other studies.

Morphometric and histological analysis

Testicular volume was calculated using the following formula: length x width x height
% 0.523 (9).

Incisions 2 mm in length and depth were made in the top, middle, and lower poles of
the testicles, to improve penetration of the fixative (80% alcohol, formaldehyde, and acetic
acid). The testicles were kept in the fixative solution for 16 hours, then dehydrated by passage
through solutions of xylene and alcohol. Since the testicle is a non-isotropic organ, the
orientator method (10) was employed to obtain uniform sections. The pieces of fixed testicle
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were embedded in paraffin and sliced 5-um thick using a microtome (American Optical
Spencer AO 820). Three sections per blade were prepared and stained with hematoxylin and
eosin (HE).

The sections were studied using a photomicroscope (Zeiss Axiophot D-7082) at 400x
magnification. Digital images of ten random histological fields from each section were
captured. Images were analyzed in MetaSystem VSViewer software.

Stereological study of Leydig cells

Leydig cell nuclear volume (LCNV)

To obtain the mean nuclear diameter of LCs, ten nuclear cores were overlaid with a
circular contour. The following formula was used for this calculation: LCNV = 43 m R®,
where R = nuclear radius.

Leydig cell cytoplasmic volume (LCCV)
LCCV was calculated by applying the following formula: LCCV = %cytoplasm X
%nucleus.

Leydig cell total volume (LCTV)
LCTV was evaluated as the sum of LCNV and LCCV, expressed in cubic micrometers

(um’).

Leydig cell absolute number (LCAN)

LCAN, which corresponds to the numerical density (&,) of LCs, or the number of
LCs per unit volume of testis, was estimated using the disector method (11). The disectors
were compiled by joining photomicrographs of ten equal microscopic fields of each
histological section of the testicle. The disector method involves counting the nuclei that are
observable in a reference section and not observable in a look-up section separated from the
reference section by a known distance. We carried out this procedure in both directions (i.e.,
moving from the reference section to the look-up section and vice versa) to increase the
number of disectors. Disectors were overlaid systematically and randomly to cover the area
encompassing all testicle sections.

N, was obtained by dividing the sum of the number of disectors (>.Q") by the sum of
their volumes (3 V4is), which was obtained from the product of the test area and the disector
height:

Vas=axh

Where Vy;s 1s the total volume of the disector, a is the test area, and 4 is the disector height.
Thus, N, can be obtained from the following formula:

N, =3Q7 Vi

Where Y Q" is the number of disectors and > Vi is the sum of the disectors volumes.

Statistical analysis

All parameters were statistically analyzed by one-way analysis of variance (ANOVA). In
cases where a significant difference between groups was indicated, the results were compared
using the Student-Newman-Keuls (SNK) post-hoc test. All analyses and graphs were
generated using GraphPad Prism 6 statistical software. The significance threshold was 95% (p
<0.05).
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Results

There was no loss of subjects; all rats remained alive until the predetermined time at
which all the members of the group were sacrificed. Figure 1 shows the morphological
characteristics of the animals and Figure 2 shows the morphometric characteristics of the
resected testicles.
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Figure 1 - A, mean body weight of rats in different age groups; B, mean body length of rats
in different age groups
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Figure 2 - A, mean testicular weight of rats in different age groups; B, mean testicular
volume of rats in different age groups

LCNV was generally constant across age groups, except for G6, which exhibited a
statistically significant reduction (Figure 3 and Table 1). However, LCCV values were
observed to decrease progressively as the age of the rats increased, as demonstrated in Figure
4; statistically significant differences in LCCV were found when G1 was compared with the
other groups (Table 2). Consequently, LCTV also declined gradually with age (Figure 5 and
Table 3). In contrast, LCAN varied minimally between different age groups; no statistically
significant differences were observed (Figure 6).



37

LCNV
155-
150 T
™
£
=
145
140 =
@ & & &

Figure 3 — Leydig cell nuclear volume (LCNV) of rats in different age groups

Table 1 — Comparison of mean Leydig cell nuclear volume (LCNV) between groups with
different ages

Group Versus Absolute difference p Mean LCNV
Group between groups (um?)
G2 0.08 ns 151.05
G3 1.32 ns
Gl G4 0.17 ns
G5 0.97 ns
G6 4.64 *
G3 1.4 ns 150.98
G2 G4 0.25 ns
G5 1.05 ns
G6 4.7 *
G4 1.14 ns 149.58
G3 G5 0.34 ns
G6 3.32 *
G4 G5 0.79 ns 150.39
G6 4.46 *
G5 G6 3.67 ns 149.93
G6 - - - 146.49

ns, not significant; *p < 0.05, post-hoc Student-Newman-Keuls test
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Figure 4 — Leydig cell cytoplasmic volume (LCCV) of rats in different age groups

Table 2 — Comparison of mean Leydig cell cytoplasmic volume (LCCV) between groups
with different ages

Group Versus Absolute difference p Mean LCCV
Group between groups (um3)
G2 15.08 * 653.84
G3 15.24 *
Gl G4 19.23 *
G5 29.57 *
G6 35.37 *
G3 0.16 ns 651.38
G2 G4 4.15 ns
G5 14.49 *
Go6 29.30 *
G4 3.99 ns 650.92
G3 G5 14.33 *
G6 20.14 *
G4 G5 10.34 * 646.88
G6 16.14 *
G5 Go6 5.805 ns 636.46
Go6 - - - 631.22

ns, not significant; *p < 0.05, post-hoc Student-Newman-Keuls test
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Figure 5 —Leydig cell total volume (LCTV) of rats in different age groups

Table 3 — Comparison of mean Leydig cell total volume (LCTV) between groups with
different ages

Group Versus Absolute difference p Mean LCTV
Group between groups (um3 )
G2 14.99 * 804.84
G3 16.56 *
Gl G4 19.41 *
G5 30.54 *
Go6 40.01 *
G3 1.56 ns 803.62
G2 G4 4.41 ns
G5 11.13 *
Go6 25.02 *
G4 2.84 ns 802.02
G3 G5 13.98 *
G6 23.46 *
G4 G5 11.13 *
Go6 20.61 * 798.77
G5 G6 9.47 * 787.06
Go6 - - - 777.54

ns, not significant; *p < 0.05, post-hoc Student-Newman-Keuls test
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LCAN

Figure 6 — Leydig cell absolute number (LCAN) of rats in different age groups

Discussion

During testicular development in rodents, LCs divide themselves into fetal and adult
types. Fetal-type LCs ensure that the embryo develops as a male and undergo apoptosis after
birth (12). Adult-type LCs, which originate from mesenchymal precursor cells, begin to
differentiate 14 days after birth and gradually mature over time (13).

In rats, adult-type LCs progress through four developmental stages: stem cells until
the 14th day after birth, progenitor cells until the 28th day, immature cells until the 56th day,
and adult cells, characterized by high hormone production, after the 56th day (14). TT serum
levels begin to rise on the seventh day after birth, and continue to increase until peaking on
the 45th day (15). Rats achieve sexual and reproductive maturity between 40 and 60 days
after birth and can live for up to three years. According to an editorial that established
equivalencies between the ages of rats and humans, G1 and G6 rats may be considered
equivalent in age to 27- and 61-year old humans, respectively (16).

Zirkin et al. have shown that serum levels of TT decrease with age in brown rats (3);
this finding was confirmed by Wang et al. by characterization of intratesticular TT levels in
rats at 22 weeks of age (17).

In the present study, the animals gained weight and grew in length until an age of 18
months, and subsequently decreased. Testicular weight and volume followed an almost
identical trend. Comparable decreases in testicular weight have also been observed in rats
subjected to chronic stress (18).

LCNYV reduction in elderly rats may be related to chromatin remodeling and telomere
shortening, which preclude cells from replicating in old age. Reductions in LCCV and LCTV
are possibly associated with hypotrophy of cytoplasmic organelles, which also impairs
steroidogenesis. These volumetric reductions predominantly occurred as the animals reached
an advanced age, when the negative effects of aging are more evident. In previous
stereological studies, it was established that the mean volume of LCs in rats declines with age
(19), and it was shown that the total volume of LCs per testicle and their mean cell volume
remain stable until six months of age, with significant reductions observed only in 12- and 19-
month old rats (20).
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In this study, LCAN remained constant as the rats aged. Similarly, Wang et al.
demonstrated that the number of LCs in old rats (up to 21 months of age) is not lower than the
number of LCs in young rats (18), and Chen et al. detected no difference in the number of
LCs upon stereological analysis (19). Thus, the decline in TT levels with age cannot be
explained by loss of LCs (17,21); this change is the result of LCs dysfunction rather than
death (7).

In old age, adult-type LCs stop dividing. They exhibit defects in steroidogenic
pathways and decreased hormone production (14,22). However, decreases in TT serum levels
are not accompanied by changes in luteinizing hormone (LH) serum levels, and must
therefore be caused by impaired stimulation of LCs.

LH stimulation increases LC volume and the number of subcellular organelles
(endoplasmic reticulum and mitochondria), with a consequent elevation in TT levels due to
increased capacity for hormone production. In contrast, deprivation of LH leads to
hypotrophic changes in cell structure (23).

Haolin et al. conducted a study on in vitro cultures of young and old LCs, which were
exposed directly to LH. Even when the LH concentration was maintained at the same level for
both cultures, old LCs were unable to produce testosterone at levels comparable to those of
young cells. The authors concluded that old LCs have defects in the LH-AMPc signaling
cascade, which is involved in testosterone production (24).

Steroidogenesis by LCs is affected by age for multiple reasons: reduction of cAMP
levels, decreased intracellular transport of cholesterol by the steroidogenic acute regulatory
(StAR) and translocator (TSPO) proteins, and reduction of the activity of enzymes in
mitochondria (CYP11A1, HSD3B) and the smooth endoplasmic reticulum (HSD3B,
CYP17A1, HSD17B) (25).

Many potential causes of senescence in LCs have been proposed, including lesions by
free radicals (26). It could also be speculated that lesions in the cell membrane are the most
likely cause of senescence in LCs. This would explain the reduction in cAMP signaling in
response to LH stimulation (14, 18). Oxidative stress is known to occur during
steroidogenesis by LCs, and this may explain the volumetric changes identified in this work.
The free radical theory advances the idea that aging is the result of cumulative cellular
damage over time (27). This damage is caused by free radicals produced by catabolic
pathways, and increases with age (28).

Hormonal changes during aging are of great clinical and scientific interest. The future
offers interesting possibilities of improvement in TT production, such as LCs replacement by
stem cell transplantation (29). New therapies currently under development, such as the use of
drugs to stimulate hormone production in LCs, have shown encouraging results (30).
Additional structural and morphometric evaluations are needed to corroborate these findings,
followed by assays of oxidative stress.
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Conclusion

Aging in rats was accompanied by hypotrophic changes in Leydig cells. Stereological
analyses revealed a reduction in the nuclear, cytoplasmic, and total volumes of these cells.
There was no concomitant reduction in cell number.
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4 CONCLUSAO

O presente estudo estereoldogico identificou redugbes nos volumes
nucleares, nos volumes citoplasmaticos e nos volumes totais das células de Leydig
durante o processo natural de envelhecimento em ratos. Nao foram evidenciadas
alteracdes numericas nestas células.

A hipotrofia nas células de Leydig deve ser melhor avaliada e futuros
trabalhos devem ser conduzidos para explicar as redugdes volumétricas, incluindo

analises do estresse oxidativo.
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APENDICE 1 — TABELAS

TABELA MEDIDA ALTURA DOS RATOS

ALTURA DOS RATOS EM CENTIMETROS

G1 G2 G3 G4 G5 G6
21 23,5 26,8 30 29 26
24 24 27 27,5 26 26
22,5 25 27,5 29 26 24
21,5 23 27,5 26,5 27 28
21 26,5 25 28 27 26
22 25,5 27 27 28 26
23,5 23,7 25,5 27,5 27 25
23,5 23,5 26 24 28 26
22,5 23,1 26,5 26,5 29 24
24 24,2 28 26 26 26
22 25 26,5 26 26 25
21 23,4 27,5 26 28 24
Ratos 1-12 Ratos 13-24 Ratos 25-36 Ratos 37-48 Ratos 49-60 | Ratos 61-72
TABELA ANALISE ESTATISTICA ALTURA DOS RATOS
TABLE ANALYZED ALTURA RATOS
Data sets analyzed A:G1 B:G2 |C:G3 D:G4 E:G5
ANOVA summary
F 31,38
P value <0.0001
P value summary e
Significant diff. among means (P
<0.05)? Yes
R square 0,7039

Brown-Forsythe test

F (DFn, DFd)

0.5291 (5, 66)

P value

0,7534

P value summary

ns

Are SDs significantly different (P

< 0.05)? No
Bartlett's test
Bartlett's statistic (corrected) 3,709
P value 0,5921
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(continua)
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TABELA ANALISE ESTATISTICA ALTURA DOS RATOS

TABLE ANALYZED ALTURA RATOS
P value summary ns
Are SDs significantly different (P
<0.05)? No
F (DFn,
ANOVA table SS DF MS DFd) P value
F (5, 66) =
Treatment (between columns) 219,5 5 43,89 31.38 P<0.0001
Residual (within columns) 92,32 66 1,399
Total 311,8 71
Data summary
Number of treatments (columns) |6
Number of values (total) 72

TABELA PESO RATOS

(concluséo)

PESO DOS RATOS EM GRAMAS

G1 G2 G3 G4 G5 G6
376 499 481 595 592 532
408 422 509 564 470 580
383 422 474 510 441 539
353 406 543 575 573 616
328 555 464 610 520 456
343 481 589 573 673 561
386 453 471 562 412 527
376 404 473 540 478 469
396 432 531 549 570 469
438 494 551 58 618 612
367 445 537 520 531 464
395 476 545 484 634 460
Ratos 1-12 Ratos 13-24 Ratos 25-36 Ratos 37-48 Ratos 49-60 | Ratos 61-72




TABELA ANALISE ESTATISTICA PESO RATOS
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PESO

TABLE ANALYZED RATOS

Data sets analyzed A:G1 |B:G2|C:G3 |D:G4 E:G5

ANOVA summary

F 7,232

P value <0,0001

P value summary e

Significant diff. among means (P < 0.05)?|Yes

R square 0,3539

Brown-Forsythe test

1,113 (5,

F (DFn, DFd) 66)

P value 0,3623

P value summary ns

Are SDs significantly different (P < 0.05)?[No

Bartlett's test

Bartlett's statistic (corrected) 37,12

P value <0,0001

P value summary e

Are SDs significantly different (P < 0.05)?[Yes

F (DFn,
ANOVA table SS DF MS DFd) P value
F (5, 66) =

Treatment (between columns) 219609 |5 43922 |7,232 P<0,0001

Residual (within columns) 400855 |66 6074

Total 620464 |71

Data summary

Number of treatments (columns) 6

Number of values (total) 72

TABELA DADOS MORFOMETRICOS DOS TESTICULOS

Grupo 3 meses (ratos 1-12) média
Peso do
Testiculo 1,54 (1,95 1,81 1,66 1,67 [1,59 (1,54 |[1,44 (157 (168 |185 |18 1,675
Direito (g)
TD
Longitudinal [1,7 |[1,7 1,8 1,8 1,8 1,6 1,6 1,6 1,6 1,7 1,8 1,63
(cm)
TD Medial-
Lateralem) |1 |’ 1 1 09 |1 1 1 09 |09 |1 1
TD Antero- 157 |58 |09 08 08 |08 |08 |07 |07 |o7 |09 o7
Posterior (cm) | ™ ’ ’ ’ ’ ’ ' ’ ' ' ' ’
VOLUME: 0,62 0,71 0,84 0,75 0,67 [066 [066 |058 052 056 084 [059 [0,666666667
Grupo 6 meses (ratos 13-24)
Peso do
Testiculo 1,76 | 1,74 1,73 1,55 1,98 1,91 1,78 |1,62 1,89 |2 1,76 | 1,85 |1,7975
Direito(g)
D
Longitudinal |2,19 (2,03 |2,07 2,05 226 (216 213 |2,12 |2 2 1,9 |21
(cm)
TD Medial-
Lateral (cm) | 34 121 [1.38 1,2 1,29 [1,43 [1,24 [121 [115 [1.2 1,1 1,1
TD Antero-
Posterior (cm) 1,06 | 0,96 1,04 0,98 1,22 1,19 1,05 (1,08 1 1,1 1 1
VOLUME: 1,42 1,1 1,3 1,2 1,65 [1,69 [1,3 1,3 1,2 1,3 1 1,2 1,305

(continua)
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TABELA DADOS MORFOMETRICOS DOS TESTICULOS

Grupo 9 meses (ratos 25-36)

Peso do

Testiculo 1,83 | 1,59 0,88 1,86 1,79 | 1,7 1,94 (1,85 (1,94 1,87 |22 1,77 | 1,768333333
Direito (g)

TD

Longitudinal |2,23 | 2,02 1,83 2,15 215 |215 2,25 (2.2 215 2,056 |23 2,15

(cm)

TD Medial-

Lateral (cm) 1,25 | 1,32 1 1,32 1,3 1,35 | 1,4 1,3 1,4 1,2 1,35 |1,25

TD Antero-

Posterior (cm) 1,11 [ 1,17 0,91 1,2 1,12 |11 1,15 |1,15 |12 1,05 |1,15 |11

VOLUME: 1,6 11,49 0,85 1,7 163 (166 189 |172 |184 [136 [1,86 [1,54 |[1,595
Grupo 12 meses (ratos 37-48)

Peso do

Testiculo 2,05 | 1,68 2,11 1,9 219 |1,85 |387 (184 [196 |1,88 |2,02 (1,64 |[2,0825
Direito (g)

TD

Longitudinal |2,3 |22 2,3 2,25 2,2 2,2 2,8 23 2,2 2,3 2,2 2,1

(cm)

TD Medial-

Lateral (cm) 1,3 |13 1,35 1,4 1,4 1,3 1,7 1,35 | 1,3 1,4 1,4 1,2

TD Antero-

Posterior (cm) 1,2 (11 1,2 1 1,1 1,2 1,4 1,1 1,1 1,2 1,1 1,1

VOLUME: 1,87 | 1,64 1,94 1,64 1,77 11,79 13,48 |1,78 |164 [2,02 (1,77 |1,44 |1,898333333
Grupo 18 meses (ratos 49-60)

Peso do

Testiculo 2,17 12,07 1,82 2,05 298 2,02 |148 |163 |233 |21 3,21 1,82 (2,14
Direito (g)

TD

Longitudinal |1,9 |1,9 1,9 1,9 2,2 2 1,6 1,8 1,8 2 2,2 1,7

(cm)

TD Medial-

Lateral (cm) 1 1,1 1,1 1 1,2 1 1 1 1 1 1,2 1

TD Antero-

Posterior (cm) 09 |1 0,8 1 1,1 0,9 0,8 0,8 1 1 1,1 0,8

VOLUME: 09 |1 0,8 1 1,5 0,9 0,6 0,7 0,9 1 1,5 0,7 0,958333333
Grupo 24 meses (ratos 61-72)

Peso do 18

Testiculo 4’ 1,77 0,81 1,69 2,39 203 |228 |169 |[136 (229 (237 |4,55 |2,089166667
Direito (g)

TD

Longitudinal | 1,8 | 1,9 1,5 1,8 2,1 1,8 2 1,8 1,8 1,9 2 2,6

(cm)

TD Medial-

Lateral (cm) 1 1 0,7 1 1,1 1 1,1 1 0,8 1 1 1,4

TD Antero-

Posterior (cm) 0,9 (0,9 0,6 0,9 0,9 1 1 0,7 0,9 0,9 1 1

VOLUME: 0,8 |09 0,3 0,8 1,1 0,9 1,1 0,6 0,6 0,9 1 1,9 0,908333333

(conclusao)




TABELA PESO TESTICULOS — ANALISE ESTATISTICA

Table Analyzed Peso Testiculos
Data sets analyzed A:G1 B:G2 |C:G3 D:G4 E:G5
ANOVA summary
F 2,518
P value 0,0381
P value summary *
Significant diff. among means
(P <0.05)? Yes
R square 0,1622
Brown-Forsythe test
F (DFn, DFd) 1.519 (5, 65)
P value 0,1962
P value summary ns
Are SDs significantly different
(P < 0.05)? No
Bartlett's test
Bartlett's statistic (corrected) |32,44
P value <0.0001
P value summary i
Are SDs significantly different
(P < 0.05)? Yes
F (DFn,
ANOVA table SS DF MS DFd) P value
Treatment (between F (5, 65) =
columns) 2,032 5 0,4065 2.518 P=0.0381
Residual (within columns) 10,49 65 0,1614
Total 12,53 70
Data summary
Number of treatments
(columns) 6
Number of values (total) 71
One-way analysis of variance
P value 0,0381
P value summary *
Are means signif. different? (P
<0.05) Yes

(continua)
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TABELA PESO TESTICULOS — ANALISE ESTATISTICA

Table Analyzed Peso Testiculos
Number of groups 6

F 2,518

R squared 0,1622

Bartlett's test for equal variances

Bartlett's statistic (corrected) 32,44

P value < 0,0001

P value summary b

Do the variances differ signif.

(P < 0.05) Yes

ANOVA Table SS df MS

Treatment (between columns) | 2,032 5 0,4065

Residual (within columns) 10,49 65 0,1614

Total 12,53 70

Newman-Keuls Multiple Significant? P
Comparison Test Mean Diff, |q <0,05? Summary
G1vs G5 -0,465 4,009 |No ns
G1vs G4 -0,4067 - No ns
G1vs G6 -0,1905 - No ns
G1vs G2 -0,1225 - No ns
G1vs G3 -0,09333 - No ns
G3vs G5 -0,3717 -—- No ns
G3vs G4 -0,3133 -—- No ns
G3 vs G6 -0,09712 - No ns
G3vs G2 -0,02917 - No ns
G2 vs G5 -0,3425 - No ns
G2 vs G4 -0,2842 -—- No ns
G2 vs G6 -0,06795 -—- No ns
G6 vs G5 -0,2745 - No ns
G6 vs G4 -0,2162 - No ns
G4 vs G5 -0,05833 -—- No ns

(conclusao)



TABELA VOLUME DOS TESTICULOS — ANALISE ESTATISTICAS

Table Analyzed Volume testiculos
Data sets analyzed A:G1 B:G2 |C:G3 D:G4 E:G5
ANOVA summary
F 24,55
P value <0.0001
P value summary i
Significant diff. among means
(P <0.05)? Yes
R square 0,6503
Brown-Forsythe test
F (DFn, DFd) 0.7074 (5, 66)
P value 0,6199
P value summary ns
Are SDs significantly different
(P < 0.05)? No
Bartlett's test
Bartlett's statistic (corrected) |26,52
P value <0.0001
P value summary e
Are SDs significantly different
(P < 0.05)? Yes
F (DFn,
ANOVA table SS DF MS DFd) P value
Treatment (between F (5, 66) =
columns) 12,96 5 2,591 24.55 P<0.0001
Residual (within columns) 6,966 66 0,1055
Total 19,92 71
Data summary
Number of treatments
(columns) 6
Number of values (total) 72
ANOVA Table SS df MS
Treatment (between columns) | 12,96 5 2,591
Residual (within columns) 6,966 66 0,1055
Total 19,92 71

(continua)
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TABELA VOLUME DOS TESTICULOS — ANALISE ESTATISTICAS

Table Analyzed Volume testiculos

Newman-Keuls Multiple Significant? P
Comparison Test Mean Diff, |q <0,05? Summary
G1vs G4 -1,232 13,13 |[Yes ox
G1vs G3 -0,9283 9,899 |Yes o
G1vs G2 -0,6383 6,806 |Yes o
G1vs G5 -0,2917 3,11 No ns
G1vs G6 -0,2417 - No ns
G6 vs G4 -0,99 10,56 |Yes e
G6 vs G3 -0,6867 7,322 |Yes fl
G6 vs G2 -0,3967 4,23 Yes *
G6 vs G5 -0,05 - No ns
G5 vs G4 -0,94 10,02 |Yes i
G5vs G3 -0,6367 6,789 |Yes ox
G5 vs G2 -0,3467 3,696 |Yes *
G2 vs G4 -0,5933 6,327 |Yes o
G2vs G3 -0,29 3,092 |Yes *
G3 vs G4 -0,3033 3,234 |Yes *

(concluséo)

TABELA DADOS ESTEREOLOGIA

VC = VOLUME DO CITOPLASMA DAS CELULAS DE LEYDIG (um3) preto = grupo 06 meses

VN = VOLUME DOS NUCLEOS DAS CELULAS DE LEYDIG (um3) vermelho = grupo 09 meses

VOL = VOLUME DAS CELULAS DE LEYDIG (um3) azul = grupo 12 meses

NA = DENSIDADE DAS CELULAS DE LEYDIG POR AREA (um2) laranja = grupo 18 meses

azul claro = grupo 24 meses
Animal vC VN VOL NA MVC M VN M VOL M NA
1 698,37 157,14 855,51 | 20 694,08 153,54 847,63 19,3
689,49 154,76 844,25 | 22
701,21 153,81 855,02 | 19
683,91 158,17 842,08 | 21
679,77 153,81 833,58 | 19
701,99 147,62 849,61 | 17
679,48 157,62 837,1| 20
703,77 150,48 854,25| 18
699,14 153,81 852,95| 18
703,71 148,19 851,9| 19
2 701,21 154,76 855,97 | 20 691,71 154,1 845,81 20

683,91 157,62 841,53 | 21
679,77 157 836,31 21
701,74 149,74 851,48 | 19
699,32 154,76 854,08| 19
688,78 153,81 842,59 | 20
701,99 154,76 856,75| 19
679,48 151,9 831,38 | 20
703,77 154,76 858,53 | 21
677,11 152,38 829,49 | 20

(continua)
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Animal Ve VN VOL | NA MVC M VN M VOL M NA
3 688,17 156 844,36 | 19 686,73 150,68 837,4 19,5
703,71 149,62 853,33 | 20
701,21 144,76 845,97 | 19
693,82 145,71 839,53 | 18
679,77 156 835,96 | 18
690,43 144,76 835,19 | 19
679,48 143,81 823,29 | 20
682,73 157,14 839,87 | 21
699,14 154,76 853,9| 21
648,79 153,81 802,6 | 20
4 683,91 158,17 842,08| 20 683,15 151,44 834,59 19,7
704,62 153,81 858,43 | 19
689,49 147,62 837,11 | 19
683,91 155,71 839,62 | 17
671,15 150,48 821,63 | 21
668,89 156,67 825,56 | 21
678,74 148,13 826,87 | 19
698,50 148,57 847,07 | 19
711,96 149,48 861,44 | 20
640,36 145,71 786,07 | 22
5 638,53 147,62 786,15 | 21 654,35 150,13 804,49 19,7
638,55 156,67 795,22 | 22
650,39 148,48 798,87 | 19
638,51 150,36 788,87 | 19
650,39 149,52 799,91 | 18
638,57 150,47 789,04 | 20
674,92 157,22 832,14 | 18
693,22 149,69 842,91 | 17
636,54 146,57 783,11 | 21
683,91 144,74 828,65 | 22
6 679,77 149,88 829,65 | 22 683,66 152,33 835,99 19,9
701,74 149,48 851,22 | 19
699,32 147,62 846,94 | 18
688,78 153,81 842,59 | 22
677,62 158,17 835,79 | 21
662,38 153,81 816,19| 18
665,24 147,62 812,86 | 17
694,76 155,71 850,47 | 19
677,66 150,48 828,14 | 21
689,36 156,67 846,03 | 22
7 649,05 148,13 797,18 | 18 653,22 148,71 801,93 19,4
657,62 148,57 806,19 | 19
650,48 149,48 799,96 | 18
653,81 145,71 799,52 | 19
648,19 147,62 795,81 | 20
654,76 156,67 811,43 | 21
657,62 148,48 806,1 | 20
656 148,18 804,37 | 21
649,74 148,57 798,31 | 19
654,76 145,71 800,47 | 19
8 653,81 147,48 801,29 | 18 651,21 149,02 800,23 19,4
654,76 146,67 801,43 | 18
651,9 155,71 807,61 | 17
654,76 148,14 802,9| 21
652,38 148,57 800,95 | 21
656 153,81 810 20
649,62 147,48 7971 19
644,76 147,62 792,38 | 19
645,71 145,71 791,42 | 20
648,18 149,05 797,23 | 21
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9 648,57 143,81 792,38 | 22 648,98 146,53 795,51 19,4
645,71 148,57 794,28 | 21
647,48 145,71 793,19 | 22
646,67 143,81 790,48 | 19
655,71 149,05 804,76 | 18
648,14 146,67 794,81 18
648,57 148,16 796,73 | 19
653,81 145,71 799,52 | 17
647,48 146 793,67 | 17
647,62 147,62 79524 | 21
10 645,71 144,76 790,47 | 21 646,63 150,29 796,91 19,1
649,05 145,71 794,76 | 20
643,81 156 800 | 20
648,57 144,76 793,33 | 21
645,71 143,81 789,52 | 19
643,81 157,62 801,43| 19
649,05 152,38 801,43 | 18
646,67 155,24 801,91| 18
648,16 144,76 792,92 | 17
645,71 157,66 803,37 | 18
11 646 159,36 805,55 | 19 649,43 153,68 803,11 19,9
647,62 149,05 796,67 | 20
644,76 157,62 802,38 | 21
645,71 150,48 796,19 | 20
656 153,81 810| 21
644,76 148,19 792,95| 22
643,81 154,76 798,57 | 20
657,62 157,62 81524 | 19
652,38 156 808,57 | 19
655,24 149,74 804,98 | 18
12 644,76 154,76 79952 | 17 653,33 151,87 805,2 18,3
657,66 153,81 811,47 | 17
659,36 154,76 814,12 20
649,05 151,9 800,95 | 19
657,62 154,76 812,38 | 18
650,48 152,38 802,86 | 19
653,81 156 810| 20
648,19 149,62 797,81 19
654,76 144,76 799,52 | 17
657,62 145,71 803,33 | 17
13 656 156 812,38 21 655,93 150,57 806,5 20,5
649,74 144,76 7945| 21
654,76 143,81 798,57 | 21
653,81 157,62 811,43| 19
654,76 152,38 807,14 | 19
657,14 155,24 812,38 20
667,11 144,76 811,87 | 22
653,81 146 800| 21
658,17 147,62 805,79 | 22
653,81 157,14 810,95| 19
14 647,62 152,73 800,35 | 19 653,08 151,39 804,47 19,4
657,62 157,14 814,76 | 18
650,48 154,76 805,24 | 20
653,81 149,48 803,29 | 18
648,19 146,67 794,86 | 17
654,76 148,15 802,91 21
657,62 158,57 816,19| 22
656 150,48 806,67 | 22
649,74 148,22 797,96 | 19
654,76 147,72 802,48 | 18
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15 653,81 152 805,92 | 22 652,01 150 802,01 19,6
654,76 150,36 805,12 | 20
651,9 149,52 801,42 | 21
654,76 150,47 805,23| 19
652,38 157,22 809,6 | 19
656 149,69 805,88 | 18
649,62 146,57 796,19 | 18
644,76 144,74 789,5| 17
645,71 149,88 795,59 | 21
656 149,48 805,67 | 21
16 644,76 147,62 792,38 | 20 652,01 152,06 804,07 20,1
643,81 153,81 797,62| 19
657,14 158,17 815,31 19
654,76 153,81 808,57 | 20
653,81 147,62 801,43 | 21
658,17 155,71 813,88 | 22
653,81 150,48 804,29 | 21
647,62 156,67 804,29 | 22
655,71 148,13 803,84| 19
650,48 148,57 799,05| 18
17 656,67 149,48 806,15| 18 650,12 148,46 798,58 19,3
648,13 145,71 793,84 | 19
648,57 147,62 796,19 | 17
649,48 156,67 806,15 | 17
645,71 148,48 794,19 | 21
647,62 148,18 7958 | 21
656,67 148,57 805,24 | 20
648,48 145,71 794,19 | 20
650,36 147,48 797,84 | 21
649,52 146,67 796,19| 19
18 650,47 155,71 806,18| 19 650,77 153 803,77 19,5
657,22 148,14 805,36 | 18
649,69 148,57 798,26 | 18
646,57 153,81 800,38 | 19
644,74 153,81 798,55 | 21
649,88 154,76 804,64| 19
649,48 151,9 801,38 | 22
647,62 154,76 802,38| 19
653,81 152,38 806,19 | 22
658,17 156 814,36 | 18
19 653,81 149,62 803,43 | 17 650,38 149,49 799,87 19,3
647,62 144,76 792,38 19
655,71 145,71 801,42| 20
650,48 156 806,67 | 17
656,67 144,76 801,43| 18
648,13 143,81 791,94 | 22
648,57 157,62 806,19 | 21
649,48 152,38 801,86 | 20
645,71 155,24 800,95| 17
647,62 144,76 792,38 | 22
20 656,67 157,66 814,33| 19 649,42 154,47 803,89 19,6
648,48 159,36 807,84 | 22
648,18 149,05 797,23| 18
648,57 157,62 806,19 | 18
645,71 150,48 796,19| 19
647,48 153,81 801,29 | 22
646,67 148,19 794,86 | 18
655,71 154,76 810,47 | 22
648,14 157,62 805,76 | 20
648,57 156 804,76 | 18
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21 653,81 149,74 803,55 | 18 647,46 152,27 799,73 19,2
647,48 154,76 802,24 | 22
647,62 153,81 801,43 | 20
645,71 154,76 800,47 | 19
649,05 151,9 800,95 | 17
643,81 154,76 79857 | 22
648,57 152,38 800,95 | 19
645,71 156 801,9| 18
643,81 149,62 79343 20
649,05 144,76 79381 17
22 646,67 145,71 792,38 | 20 646,96 149,43 796,39 19,5
648,16 156 804,35 | 17
645,71 144,76 790,47 | 19
646 143,81 790 19
647,62 157,62 80524 | 21
644,76 152,38 797,14 | 20
645,71 155,24 800,95 | 18
656 144,76 800,95| 19
644,76 146 790,95 | 20
643,81 147,62 791,43 | 22
23 657,62 157,14 814,76 | 21 653,8 152,33 806,13 20
652,38 152,73 805,11 | 20
655,24 157,14 812,38 | 22
644,76 154,76 79952 | 21
657,66 149,48 807,14| 19
659,36 146,67 806,03 | 20
649,05 148,15 797,2| 19
657,62 158,57 816,19| 20
650,48 150,48 800,96 | 18
653,81 148,22 802,03| 20
24 648,19 147,72 79591 | 19 653,65 149,83 803,48 19,3
654,76 152 806,87 | 20
657,62 150,36 807,98 | 22
656 149,52 805,71 | 19
649,74 150,47 800,21 | 21
654,76 157,22 811,98 | 19
653,81 149,69 8035 17
654,76 146,57 801,33 20
651,9 144,74 796,64 | 18
654,76 149,88 804,64 18
25 652,38 149,48 801,86 | 19 650,342 152,15 802,492 19,9
656 147,62 803,81 20
649,62 153,81 803,43 | 21
644,76 158,17 802,93 21
645,71 153,81 79952 | 19
656 147,62 803,81 19
644,76 155,71 800,47 | 20
643,81 150,48 794,29 | 19
657,62 156,67 814,29 | 20
652,38 148,13 800,51 | 21
26 655,24 148,57 803,81 | 20 650,458 148,647 | 799,105 19,5
644,76 149,48 794,24 | 19
639 145,71 784,75 | 20
647,62 147,62 79524 | 19
657,14 156,67 813,81| 18
652,73 148,48 801,21| 18
657,14 148,18 805,32 | 19
654,76 148,57 803,33 | 20
649,48 145,71 79519 | 21
646,67 147,48 794,15 | 21
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27 648,15 146,67 794,82 20 651,282 148,657 799,939 19,5
658,57 155,71 814,28 20
650,48 148,14 798,62 | 19
648,22 148,57 796,79 | 19
647,72 153,81 801,53 | 17
652 147,48 799,59 | 21
650,36 147,62 797,98 | 21
649,52 145,71 795,23 19
650,47 149,05 79952 | 19
657,22 143,81 801,03 20
28 649,69 148,57 798,26 | 22 651,139 147,006 798,145 19,7
646,57 145,71 792,28 | 21
644,74 143,81 788,55 | 22
649,88 149,05 798,93 19
649,48 146,67 796,15| 19
647,62 148,16 795,78 | 18
653,81 145,71 79952 20
658,17 146 804,36 | 18
653,81 147,62 801,43 | 17
657,62 148,57 806,19 | 21
29 655,71 149,05 804,76 | 22 650,752 146,691 797,443 19,9
650,48 143,81 79429 | 22
656,67 145,48 802,15| 19
648,13 147,62 795,75 | 18
648,57 143,81 792,38 | 22
649,48 145,71 795,19 | 21
645,71 147,62 79333 | 18
647,62 149,05 796,67 | 17
656,67 146 802,86 | 19
648,48 148,57 797,05 21
30 648,18 145,71 793,89 | 22 649,665 147,05 796,715 19,7
648,57 146,81 795,38 | 18
645,71 148,57 79428 19
647,48 149,05 796,53 | 18
646,67 147,62 79429| 19
655,71 147,48 803,19| 20
648,14 143,81 791,95 | 21
648,57 148,12 796,69 | 20
653,81 144,76 798,57 | 21
653,81 148,57 802,38 19
31 654,76 153,81 808,57 | 19 651,103 150,857 801,96 19,2
651,9 149,05 800,95 | 18
654,76 143,81 798,57 | 18
652,38 150,48 802,86 | 17
656 158,13 814,32 21
649,62 153,81 803,43 | 21
644,76 157,62 802,38 | 20
645,71 145,71 791,42 19
656 149,48 805,67 | 19
644,76 146,67 791,43| 20
32 643,81 148,15 791,96 | 21 652,798 149,343 802,141 19,4
657,62 158,57 816,19 22
652,38 150,48 802,86 | 21
655,24 145,71 800,95 | 22
644,76 147,62 792,38| 19
657,66 146,67 804,33 18
659,36 148,48 807,84 | 18
649,05 148,17 797,22| 19
657,62 151,36 808,98 | 17
650,48 148,22 798,7| 17
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33 653,81 147,72 801,53 | 21 653,554 149,828 803,382 19,4
648,19 152 800,3| 21
654,76 150,36 805,12 | 20
657,62 149,52 807,14 | 20
656 150,47 806,66 | 21
649,74 157,22 806,96 | 19
654,76 149,69 804,45 | 19
653,81 146,57 800,38 | 18
654,76 144,74 7995| 18
651,9 149,88 801,78 | 17
34 654,76 149,48 804,24| 18 650,58 151,757 802,337 19,9
652,38 147,62 800| 19
656 153,81 810| 20
649,62 145,71 795,33 | 21
644,76 147,62 792,38 | 20
645,71 159,05 804,76 | 21
656 156 812,38 | 22
644,76 158,57 803,33 | 20
643,81 145,71 789,52 | 19
657,62 153,81 811,43 19
35 652,38 148,57 800,95 | 18 651,744 152,603 804,347 18,4
655,24 149,05 804,29 | 17
644,76 157,62 802,38 | 17
646 150,48 796,67 | 20
647,62 153,81 801,43 | 19
657,14 148,19 805,33 | 18
652,73 154,76 807,49 | 19
657,14 157,62 814,76 | 20
654,76 156 810,95 | 19
649,48 149,74 799,22 | 17
36 646,67 154,76 801,43 | 17 650,227 151,865 802,092 20,3
648,15 153,81 801,96 | 21
658,57 154,76 813,33 | 21
650,48 151,9 802,38 | 21
648,22 154,76 802,98 | 19
647,72 152,38 800,1| 19
652 156 808,3| 20
650,36 149,62 799,98 | 22
649,52 144,76 794,28 | 21
650,47 145,71 796,18 | 22
37 657,22 156 813,41| 19 651,099 150,571 801,67 19,4
649,69 144,76 794,45| 19
646,57 143,81 790,38 | 18
644,74 157,62 802,36 | 20
649,88 152,38 802,26 | 20
649,48 155,24 804,72 | 22
647,62 144,76 792,38 | 19
653,81 146 800 | 21
658,17 147,62 805,79 | 19
653,81 157,14 810,95 | 17
38 647,62 152,73 800,35 | 20 650,666 152,6 803,266 19,5
655,71 157,14 812,85 18
650,48 154,76 80524 | 18
656,67 156 812,86 | 19
648,13 149,94 798,07 | 20
648,57 154,76 803,33 | 21
649,48 154,76 804,24 | 21
645,71 150,48 796,19| 19
647,62 144,76 792,38 | 19
656,67 150,48 807,15| 20
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39 648,48 157,62 806,1 | 19 649,132 152,309 801,441 19,3
648,18 144,76 792,94 | 20
648,57 152,86 801,43 | 21
645,71 146,67 792,38 | 20
647,48 157,38 804,86 | 19
646,67 154,76 801,43 | 20
655,71 157,62 813,33 | 19
648,14 149,52 797,66 | 18
648,57 157,14 805,71 | 18
653,81 144,76 798,57 | 19
40 647,48 153,81 801,29 | 20 646,748 149,426 796,174 19,9
647,62 148,14 795,76 | 21
645,71 147,62 793,33 | 21
649,05 144,76 793,81 | 20
643,81 147,14 790,95 | 20
648,57 152,86 801,43| 19
645,71 148,17 793,88 | 19
643,81 149,38 793,19 | 17
649,05 149,52 798,57 | 21
646,67 152,86 799,53 | 21
41 648,16 157,62 805,78 | 19 646,602 154,814 801,416 19,9
645,71 155,24 800,95| 19
646 144,76 790,95 | 20
647,62 156,67 804,29 | 22
648,57 153,81 802,38 | 21
649,05 158,12 807,17 | 22
643,81 156,67 800,48 | 19
645,48 157,14 802,62 | 19
647,62 153,82 801,44 | 18
643,81 154,29 798,1| 20
42 645,71 156,67 802,38 | 18 647,03 151,845 798,875 19,8
647,62 153,81 801,43 | 17
649,05 154,76 803,81 | 21
646 151,9 798,09 | 22
648,57 153,84 802,41 | 22
645,71 151,43 797,14 19
646,81 148,17 794,98 | 18
643,97 149,86 793,83 | 22
649,05 151,82 800,87 | 21
647,62 146,19 793,81 | 18
43 647,48 141,43 788,91 | 17 648,802 149,881 798,683 19,4
643,81 143,81 787,62 | 19
648,12 146,67 794,79 | 21
644,76 152,62 797,38 | 22
648,57 154,76 803,33 | 18
653,81 153,81 807,62 | 19
649,05 154,76 803,81 | 18
643,81 151,9 795,71 | 19
650,48 146,19 796,67 | 20
658,13 152,86 810,99 | 21
44 653,81 156 810 | 20 650,382 152,808 803,19 19,4
657,62 155 812,38 | 21
645,71 158 803,33 | 19
649,48 155,71 805,19 | 19
646,67 156,67 803,34 | 18
648,15 146,19 794,34 | 18
658,57 142,86 801,43 | 17
650,48 153,33 803,81 | 21
645,71 154,76 800,47 | 21
647,62 149,99 797,61 20
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45 646,67 150,48 797,15| 19 644,875 150,217 | 795,092 | 19,9
648,17 155,24 803,41 19
643,81 149,52 793,33 | 20
647,62 148,11 795,73 | 21
637,62 148,57 786,19 | 22
640,48 150,48 790,96 | 21
643,81 145,71 789,52 | 22
648,19 148,57 796,76 | 19
644,76 152,86 797,62| 18
647,62 152,63 800,25 | 18
46 646 144,76 790,95| 19 644,411 148,789 793,2 19,4
649,74 140,48 790,22 | 17
644,76 153,81 798,57 | 17
643,81 149,48 793,29 | 21
644,76 153,81 798,57 | 21
641,9 146,67 788,57 | 20
634,76 149,48 784,24 20
642,38 150,95 793,33 | 21
646 149,88 796,07 | 19
649,62 148,57 798,19| 19
a7 634,76 153,81 788,57 | 18 641,292 149,655 | 790,947 | 19,4
645,71 148,05 793,76 | 18
646 153,81 800 | 17
644,76 149,48 79424 18
643,81 148,11 791,92 19
647,14 153,81 800,95 | 20
634,76 147,62 782,38 | 21
633,81 145,71 779,52 | 20
648,17 149,48 797,65 | 21
633,81 146,67 780,48 | 22
48 647,62 148,12 795,74 | 20 644,666 147,31 791,976 | 18,6
645,71 148,57 794,28 | 19
640,48 146,48 786,96 | 19
646,67 145,71 792,38 | 18
648,13 147,62 795,75 | 17
648,57 146,67 79524 | 17
649,48 147,48 796,96 | 20
645,71 148,17 793,88 | 19
637,62 148,57 786,19 | 18
636,67 145,71 782,38 | 19
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61 627,62 148,57 776,19 | 17 632,323 146,691 779,014 19,2
636,67 149,05 785,72 | 20
638,48 143,81 782,29 | 18
638,18 145,48 783,66 | 18
638,57 147,62 786,19 | 19
625,71 143,81 769,52 | 20
627,48 145,71 773,19 | 21
626,67 147,62 774,29 | 21
625,71 149,05 774,76 | 19
638,14 146 784,33 | 19
62 628,57 148,57 777,14 20 627,056 147,05 774,106 19,4

633,81 145,71 779,52 | 19
633,81 146,81 780,62 | 20
624,76 148,57 773,33 | 21
621,9 149,05 770,95 | 20
624,76 147,62 772,38 | 19
622,38 147,48 769,86 | 20

626 143,81 770| 19
629,62 148,12 777,74| 18
624,76 144,76 769,52 | 18
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63 625,71 147,62 773,33 | 19 628,749 145,17 773,919 19,7
626 146 772,38 20
624,76 149,33 774,09 | 21
623,81 144,76 768,57 | 21
637,62 143,81 781,43 | 20
632,38 144,76 777,14 | 20
625,24 141,9 767,14 19
624,76 144,76 769,52 | 19
627,66 142,38 770,04 | 17
639,36 146 785,55 | 21

64 639,05 147,62 786,67 | 21 631,222 145,285 776,507 20
637,62 144,76 782,38 19
620,48 145,71 766,19 19
623,81 146 770 | 20
638,19 144,76 782,95 22
624,76 143,81 768,57 | 21
637,62 147,62 78524 | 22
626 142,38 768,57 | 19
639,74 145,24 784,98 19
624,76 144,76 769,52 | 18

65 623,81 146 770| 20 632,008 146,277 778,285 20
634,76 147,62 782,38 | 18
631,9 147,14 779,04 | 17
624,76 148,22 772,98 | 21
642,38 147,14 789,52 | 22
636 144,76 780,95 22
639,62 146 785,81 | 19
624,76 145,99 770,75 | 18
625,71 144,76 770,47 | 22
636 144,76 780,95 21

66 624,76 147,48 772,24| 18 631,225 146,244 777,469 19,1
633,81 144,76 778,57 | 17
627,62 148,48 7761 19
632,38 147,62 780 21
645,24 144,76 790 22
624,76 142,86 767,62 18
626 146,67 772,86| 19
637,62 147,43 785,05 18
637,14 144,76 7819 19
622,73 147,62 770,35 | 20

67 627,14 149,52 776,66 | 21 631,33 146,297 777,627 19,5
634,76 147,14 781,9| 20
629,48 144,76 77424 | 21
626,67 143,81 770,48 | 19
628,15 148,13 776,28 | 19
628,57 146,72 775,29 | 18
620,48 144,76 765,24 | 18
638,22 147,14 785,36 | 17
647,72 142,86 790,58 | 21
632 148,13 780,24 | 21

68 630,36 142,11 772,47| 20 630,555 145,742 776,297 20,1
629,52 149,52 779,04 19
630,47 142,86 773,33 | 19
627,22 147,62 774,84 20
639,69 145,24 784,93 | 21
636,57 144,76 781,33 22
624,74 146,67 771,41 21
629,88 143,81 773,69 22
629,48 148,16 777,64| 19
627,62 146,67 774,29 18
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69 623,81 147,14 770,95| 18 634,253 146,718 780,971 19,3
638,17 146,11 784,28 | 19
633,81 144,29 7781 | 17
637,62 146,67 784,29 | 17
635,71 143,81 779,52 | 21
620,56 144,76 765,32 | 21
636,67 146,9 783,57 | 20
638,13 147,89 786,02 | 20
638,57 151,43 790 | 21
639,48 148,18 787,66 | 19
70 625,71 148,86 77457 | 19 631,08 146,84 777,92 19,1
627,62 147,39 775,01 | 18
626,67 146,19 772,86 | 18
638,48 148,43 786,91 | 17
638,18 146,81 784,99 | 18
638,57 146,67 78524 | 19
625,71 150,72 776,43 | 20
637,48 144,76 782,24 | 21
626,67 143,81 770,48 | 20
625,71 144,76 770,47 | 21
71 638,14 147,93 786,07 | 22 630,347 146,714 777,061 18,9
623,57 148,24 771,81 | 20
623,81 147,86 771,67 | 19
637,48 146 783,67 | 19
627,62 145 772,38 | 18
625,71 148 773,33 | 17
629,05 145,71 774,76 | 17
623,81 150 773,59 | 20
638,57 146,19 784,76 | 19
635,71 142,86 778,57 | 18
72 623,81 143,33 767,14 | 19 631,864 147,574 779,438 19,3
649,05 144,76 793,81 | 20
626,67 149,52 776,19 | 19
628,16 150,48 778,64 | 17
635,71 145,24 780,95 | 17
636 149,52 785,71 | 21
637,62 148,13 785,75 | 21
628,57 148,57 77714 | 21
629,05 150,48 779,53 | 19
623,81 145,71 769,52 | 19

TABELA ANALISE ESTATISTICA ESTEREOLOGIA

Table Analyzed

(conclusao)

One-way analysis of variance

P value < 0.0001

P value summary o

Are means signif. different? (P < 0.05) Yes

Number of groups 6

F 26,65

R squared 0,6688

Bartlett's test for equal variances

Bartlett's statistic (corrected) 115,4

P value < 0.0001

P value summary i

Do the variances differ signif. (P < 0.05) Yes

ANOVA Table SS df MS
Treatment (between columns) 9243 5 1849
Residual (within columns) 4578 66 69,36
Total 13820 71

(continua)




TABELA ANALISE ESTATISTICA ESTEREOLOGIA (continuagéo)

Table Analyzed

Newman-Keuls Multiple Comparison Test Mean Diff. q Significant? P < 0.05? | Summary
24 meses vs 03 meses -35,37 14,71 Yes i
24 meses vs 06 meses -20,30 8,442 Yes ek
24 meses vs 09 meses -20,14 8,375 Yes ek
24 meses vs 12 meses -16,14 6,714 Yes b
24 meses vs 18 meses -5,805 2,415 No ns
18 meses vs 03 meses -29,57 12,30 Yes o
18 meses vs 06 meses -14,49 6,028 Yes ek
18 meses vs 09 meses -14,33 5,961 Yes ek
18 meses vs 12 meses -10,34 4,299 Yes **
12 meses vs 03 meses -19,23 7,999 Yes b
12 meses vs 06 meses -4,156 1,729 No ns
12 meses vs 09 meses -3,995 - No ns
09 meses vs 03 meses -15,24 6,337 Yes ek
09 meses vs 06 meses -0,1609 - No ns
06 meses vs 03 meses -15,08 6,270 Yes b
Table Analyzed _

One-way analysis of variance

P value < 0.0001

P value summary o

Are means signif. different? (P < 0.05) Yes

Number of groups 6

F 9,769

R squared 0,4253

Bartlett's test for equal variances

Bartlett's statistic (corrected) 14,57

P value 0,0124

P value summary *

Do the variances differ signif. (P < 0.05) Yes

ANOVA Table SS df MS

Treatment (between columns) 192,6 5 38,52

Residual (within columns) 260,3 66 3,943

Total 4529 71

Newman-Keuls Multiple Comparison Test Mean Diff. q Significant? P < 0.05? | Summary
24 meses vs 06 meses -4,725 8,243 Yes ek
24 meses vs 03 meses -4,643 8,099 Yes ek
24 meses vs 12 meses -4,469 7,795 Yes b
24 meses vs 18 meses -3,670 6,401 Yes o
24 meses vs 09 meses -3,321 5,793 Yes ek
09 meses vs 06 meses -1,404 2,449 No ns
09 meses vs 03 meses -1,322 - No ns
09 meses vs 12 meses -1,148 --- No ns
09 meses vs 18 meses -0,3485 --- No ns
18 meses vs 06 meses -1,056 --- No ns
18 meses vs 03 meses -0,9732 - No ns
18 meses vs 12 meses -0,7991 - No ns
12 meses vs 06 meses -0,2565 --- No ns
12 meses vs 03 meses -0,1742 --- No ns
03 meses vs 06 meses -0,08234 --- No ns
Table Analyzed [ voL |

One-way analysis of variance

P value < 0.0001

P value summary o

Are means signif. different? (P < 0.05) Yes

Number of groups 6

F 27,52

R squared 0,6759

(continua)
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TABELA ANALISE ESTATISTICA ESTEREOLOGIA (continuagéo)

Table Analyzed | voL |

Bartlett's test for equal variances

Bartlett's statistic (corrected) 91,40

P value < 0.0001

P value summary e

Do the variances differ signif. (P < 0.05) Yes

ANOVA Table SS df MS

Treatment (between columns) 11380 5 2277

Residual (within columns) 5459 66 82,71

Total 16840 71

Newman-Keuls Multiple Comparison Test Mean Diff. q Significant? P < 0.05? | Summary
24 meses vs 03 meses -40,01 15,24 Yes b
24 meses vs 06 meses -25,02 9,531 Yes b
24 meses vs 09 meses -23,46 8,935 Yes il
24 meses vs 12 meses -20,61 7,850 Yes el
24 meses vs 18 meses -9,475 3,609 Yes *
18 meses vs 03 meses -30,54 11,63 Yes e
18 meses vs 06 meses -15,55 5,922 Yes b
18 meses vs 09 meses -13,98 5,326 Yes >
18 meses vs 12 meses -11,13 4,241 Yes >
12 meses vs 03 meses -19,41 7,391 Yes e
12 meses vs 06 meses -4,412 1,681 No ns
12 meses vs 09 meses -2,847 - No ns
09 meses vs 03 meses -16,56 6,307 Yes b
09 meses vs 06 meses -1,565 --- No ns
06 meses vs 03 meses -14,99 5,711 Yes e
Table Analyzed [ NA ]

One-way analysis of variance

P value 0,8848

P value summary ns

Are means signif. different? (P < 0.05) No

Number of groups 6

F 0,3432

R squared 0,02534

Bartlett's test for equal variances

Bartlett's statistic (corrected) 1,295

P value 0,9354

P value summary ns

Do the variances differ signif. (P < 0.05) No

ANOVA Table SS df MS

Treatment (between columns) 0,2911 ) 0,05822

Residual (within columns) 11,20 66 0,1696

Total 11,49 71

Newman-Keuls Multiple Comparison Test Mean Diff. q Significant? P < 0.05? | Summary
03 meses vs 18 meses -0,1500 1,262 No ns
03 meses vs 06 meses -0,1417 - No ns
03 meses vs 09 meses -0,1000 - No ns
03 meses vs 12 meses -0,02500 - No ns
03 meses vs 24 meses 0,0000 --- No ns
24 meses vs 18 meses -0,1500 --- No ns
24 meses vs 06 meses -0,1417 --- No ns
24 meses vs 09 meses -0,1000 - No ns
24 meses vs 12 meses -0,02500 - No ns
12 meses vs 18 meses -0,1250 --- No ns
12 meses vs 06 meses -0,1167 --- No ns
12 meses vs 09 meses -0,07500 --- No ns
09 meses vs 18 meses -0,05000 - No ns
09 meses vs 06 meses -0,04167 - No ns
06 meses vs 18 meses -0,008333 - No ns

(conclusao)
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