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Resumo

A esquistossomose € uma doenca cronica e debilitante que afeta cerca de 240 milhdes de
pessoas em todo o mundo e outras 700 milhdes vivem em areas endémicas de paises em
desenvolvimento, o que tem sido um problema de saude publica. Em 2009, havia 6.780.683
casos confirmados da doenca no Brasil. A esquistossomose crénica pode levar a processos
inflamatdrios hepaticos graves, desencadear disturbios renais e danos celulares que incluem o
aumento do estresse oxidativo e a disfuncdo endotelial. Isto contribui para o surgimento da
microalbumindria, uma perda de proteinas que pode ser um preditor precoce de doencas
cardiovasculares e renais. Neste estudo, foi investigado em 130 pacientes com
esquistossomose hepatoesplénica ou hepatointestinal a ocorréncia de microalbumindria, e sua
correlagdo com o aumento dos niveis pressoricos. A funcdo renal também foi avaliada
utilizando biomarcadores (Cistatina C / Creatinina) e estimada através da medida da taxa de
filtracdo glomerular. Os valores obtidos foram comparados com 40 pessoas (Grupo Controle)
saudaveis, advindos das mesmas classes sociais. Por fim, foi investigado em ratos infectados
pelo parasita Schistosoma mansoni, a elevacdo da pressdo arterial, a ocorréncia de proteindria,
0 estresse oxidativo renal e o estresse oxidativo hepatico. Dos 130 pacientes (grupo
Schistosoma mansoni) avaliados, 14,6% (11 homens e 8 mulheres) apresentaram
microalbumindria (valores entre 30 e 300 mg / g de creatinina) em compara¢ao ao grupo
controle, que mostrou apenas 5 % (um homem e uma mulher) com microalbumindria. Dos 19
pacientes que apresentaram microalbumindria, 15 tinham esquistossomose hepatoesplénica, e
4 tinham esquistossomose hepatointestinal. A taxa de filtracdo glomerular renal e a pressdo
arterial aumentaram no grupo Schistossoma mansoni em relagdo ao Grupo Controle. O
resultado obtido na avaliacdo da taxa de filtragdo glomerular com a Cistatina C sérica foi

superior ao resultado obtido com a Creatinina sérica. No estudo realizado com animais, 0s



ratos infectados pelo parasita Schistossoma mansoni tiveram aumento da pressao arterial e
perda de proteina na urina em comparacao ao grupo controle. Este processo foi mais intenso
em animais infectados e tratados com sobrecarga de sodio. Os animais ndo infectados pelo
parasita Schistossoma mansoni e que ndo foram tratados com a sobrecarga de sodio, nao
tiveram proteindria, nem aumento dos niveis pressoricos. Todos o0s resultados obtidos
permitem sugerir que a microalbumindria pode ser utilizada como um novo marcador nao
invasivo para o diagnostico precoce de hipertensdo arterial e de glomerulopatia
esquistossomotica.

Palavras chave: Schistosoma mansoni, esquistossomose, microalbmindria, cistatina C,
creatinina, taxa de filtracdo glomerular.

Abstract

Schistosomiasis is a debilitating chronic disease that affects nearly 240 million people around
the world and another 700 million live in endemic areas in developing countries, representing
a serious public health issue. In 2009, there were 6,780,683 confirmed cases of the disease in
Brazil. Chronic schistosomiasis can lead to severe hepatic inflammatory processes, and trigger
kidney dysfunction and cellular damage, including an increase of oxidative stress and
endothelial dysfunction. This contributes to the appearance of microalbuminuria, a loss of
proteins that may serve as an early predictor of cardiovascular and kidney diseases. This study
investigated the occurrence of microalbuminuria in 130 patients with hepatosplenic or
hepatointestinal schistosomiasis, and its correction with the increase of pressure levels.
Kidney function was also evaluated using biomarkers (Cystatin C / Creatinine) and estimated

through the measurement of the glomerular filtration rate. The values obtained were compared



with 40 healthy persons (Control Group) from the same social classes. Finally, the study
investigated — in rats infected by the Schistosoma mansoni parasite — the elevation of arterial
pressure, the occurrence of proteinuria, kidney oxidative stress and hepatic oxidative stress.
From the 130 patients (Schistosoma mansoni group) evaluated, 14.6% (11 men and 8 women)
presented microalbuminuria (values between 30 and 300 mg / g of creatinine) in comparison
to the Control Group, which showed only 5% (one man and one woman) as having
microalbuminuria. From the 19 patients who presented microalbuminuria, 15 had
hepatosplenic schistosomiasis, and 4 had hepatointestinal schistosomiasis. The Kkidney
glomerular filtration rate and the arterial pressure increased in the Schistossoma mansoni
group in relation to the Control Group. The result obtained from the evaluation of the
glomerular filtration rate with serum Cystatin C, was higher than that obtained with serum
Creatinine. In the study carried out with animals, the rats infected by the Schistossoma
mansoni parasite had an increase in arterial pressure and loss of protein in the urine, compared
with the Control Group. The animals that were not infected with the Schistossoma mansoni
parasite and that were not treated with a sodium overload, did not have proteinuria or an
increase in the pressure levels. All the results obtained suggest that microalbuminuria may be
used as a new non-invasive marker for early diagnosis of arterial hypertension and

schistosomal glomerulopathy

Key Words: Schistosoma mansoni, schistosomiasis, microalbuminuria, cystatin C, creatinine,
glomerular filtration rate.



Capitulo 1
1 Introducéo

A esquistossomose € um sério problema de saude publica que afeta cerca de 240
milhGes de pessoas em todo o mundo e outros 700 milhdes vivem em areas endémicas de
paises em desenvolvimento, que dispdem de escassos recursos para combater a doenca e
desenvolver politicas publicas que o controle efetivo da doenca. Somente na Africa
Subsaariana ha dados que documentam 200 mil mortes por ano em funcdo da parasitose. A
proliferacdo da doenca se da em parte pela migracdo de pessoas contaminadas, oriundas de
areas endémicas para areas indenes, onde o saneamento basico é precario (WORLD HEALTH
ORGANIZATION, 2011).

No Brasil, os dados sdo alarmantes, em 2009 a populacdo infectada pelo parasita
mansoni chegou a 6.780.683, o que reflete que uma média nacional de 0,07% da populacéo
brasileira estd infectada pelo parasita. Para se ter uma dimensdo exata do problema, apenas
30.397 pessoas foram tratadas em 2009 (WORLD HEALTH ORGANIZATION, 2011). A
outra parte, ndo sabe que tem o problema ou n&o teve a devida orientagdo para buscar o
servico de salde, ou ainda, ndo dispde do servico de atendimento especializado.

A transmissdo da esquistossomose em Pernambuco é endémica em 102 dos 186
municipios do estado, principalmente na Regido Metropolitana, Zonas da Mata e Litoral. As
prevaléncias mais altas sdo encontradas em localidades dos municipios das bacias do
Capibaribe, Uma, Sirinhaém, Ipojuca, Jaboatdo e Goiana. A prevaléncia média em 2010 foi
7,9 em 142.090 pessoas examinadas (Secretaria de Vigilancia em Sadde/Ministério da Saude,

2010). Todos estes municipios tém grande circulacdo de pessoas e curiosamente, todos tém
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problemas de infraestrutura como a deficiéncia de saneamento basico (MINISTERIO DAS
CIDADES, 2012).

A forma de ocupacdo desordenada de ambientes urbanos, principalmente nas grandes
cidades brasileiras € um grande desafio para as autoridades sanitarias, gerando novos
problemas de salde e ampliando a demanda assistencial dos servicos. Ambientes sem
saneamento basico ainda sd8o uma realidade de muitas areas de grande concentracao
populacional. Estes locais, quase sempre estdo localizados na periferia de grandes centros
urbanos e facilitam a disseminacdo de doencas infecto-parasitarias como a esquistossomose
(GRAY etal., 2010).

O estado de Pernambuco possui a 5% maior regido metropolitana do Brasil, com uma
populacdo estimada em cerca de 3.883.322 habitantes. Somente na Capital, Recife séo
1.555.039 habitantes, segundo dados publicados pelo Instituto Brasileiro de Geografia e
Estatistica (IBGE) no Diéario Oficial da Unido em 31 de agosto de 2012.

Em ndmeros, o percentual de habitantes que possui dgua tratada na Cidade de Recife é
de 90,6 % e de esgoto tratado o numero € de 37,3 %. Em outros municipios da Regido
Metropolitana a situacdo ainda € pior, a Cidade de Olinda tem uma populacdo de 377. 779
habitantes. A populacdo que recebe agua tratada € de 85,8 % e apenas 34 % com acesso ao
esgoto tratado. O pior indice das cidades que compde a Regido Metropolitana de Recife é do
Municipio de Jaboatdo dos Guararapes. Com uma populacao estimada em 644.620 habitantes,
0 numero de pessoas com acesso a agua tratada é de 56,8 % e de acesso a esgoto tratado
chega ao alarmante indice de 7,5 %. Outros municipios da mesma regido nao fogem a esta
realidade (MINISTERIO DA SAUDE/ SECRETARIA DE VIGILANCIA EM SAUDE,

2011).
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Todos estes dados fazem de Pernambuco o segundo Estado Brasileiro de maior
prevaléncia da esquistossomose mansonica e 0 que apresenta 0 maior nimero de casos da
forma grave, a hepatoesplénica, e de mortalidade. A populagéo exposta ao risco de infecgédo €
de aproximadamente quatro milhdes de habitantes, o que representa 47% da populacdo do
Estado (SECRETARIA DE VIGILANCIA EM SAUDE/MINISTERIO DA SAUDE, 2011).
Num estudo em escolares de 9 a 12 anos, dos 43 municipios da Zona da Mata, encontrou uma
prevaléncia média de 14,4%. Em 25,6% dos municipios, a prevaléncia esteve acima de 20% e
foram considerados de grande risco de morbidade, ou seja, de aparecimento de casos graves, e
em 33% a prevaléncia esteve entre 10 e 20%, areas consideradas de grande risco para
transmissdo e moderado para morbidade (BARBOSA et al., 2006).

A seguir, um mapa do estado de Pernambuco mostra areas onde a populacdo esta
exposta e o risco de infeccdo. A area em vermelho é endémica e corresponde Recife e Regido
Metropolitana. Em amarelo, sdo as areas vulneraveis e em verde sdo as areas de foco da
doenca.

Figura 1. Mapa da esquistossomose no Estado de Pernambuco — PE.

i Area endEmica
e Areas de foco

Fonte: Secretaria de Vigilancia em Saude/Ministério da Saude, 2011

Estudos tem relatado a esquistossomose como um problema de salde de grande

importancia sanitaria e com opinides diferentes de pesquisadores e especialistas no controle
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da doenca. Em 1919 um estudo publicado por Annon, mostrava a preocupacdo com a
erradicacdo e o controle da doenca. Hoje, quase um século depois a discussao sobre o controle
da esquistossomose continua (GRAY et al., 2010; ROLLINSON et al., 2013).

A epidemiologia da esquistossomose preocupa e exige acdes multiprofissionais no
ambito da saude puablica, o impacto sobre a pratica nefrologica das muitas parasitoses
endémicas em regides tropicais e subtropicais sdo de grande importancia clinica (BARSOUM,
2004).

Atribuir a expansdo da esquistossomose a migracdo de pessoas infectadas para areas
onde ndo ha a registros da doenca e a dispersdo dos hospedeiros intermediarios € uma
interpretacdo distorcida da realidade. E preciso levar em consideracdo os condicionantes do
evento migratorio, como 0s componentes sociais, econdmicos e comportamentais (GRAY et
al., 2010). A proliferacdo da esquistossomose exige ambientes com aguas contaminadas e que
circulem por esses ambientes, hospedeiros intermediarios e definitivos para disseminarem a
doenga (GRYSEELS, 2012).

Sem tratamento a esquistossomose pode evoluir para a fase cronica, ai entdo surgem
problemas associados como a diminuigé@o da capacidade das pessoas para o trabalho e outras
complicagcbes como o surgimento de formas mais graves da doenca (hepatoesplénica ou
hepatointestinal) com graus variados de fibrose (I-D fibrose central, I-E fibrose avancada e I1-
F fibrose muito avancada) na classificacdo de (RICHTER et al., 2001a).

O envolvimento renal na esquistossomose mansonica, considerado como uma dessas
complicacbes pode trazer uma evolugdo complexa da helmintiase, ampliando
substancialmente o custo socioecondmico da doenca (BARSOUM, 2004). Em 1999, Barsoum
afirmava que a despeito de uma epidemiologia que preocupava e exigia acOes

multiprofissionais no ambito da saude puablica, o impacto sobre a préatica nefroldgica das
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muitas parasitoses endémicas em regiGes tropicais e subtropicais ndo era devidamente
considerado. Ao que parece, o descaso com as complicacbes renais advindas da
esquistossomose, 12 anos apos essa constatacdo, ainda € uma realidade (BARSOUM, 2004,
1999).

A diversidade geografica, as maltiplas caracteristicas étnicas e os diferentes critérios
diagnosticos sdo possiveis fatores que justificam uma inconstancia numerica nos dados
relativos a prevaléncia de acometimento renal na esquistossomose mansénica. Um estudo
recente registrou uma prevaléncia de 12,7% de acometimento renal em 63 pacientes
portadores da forma hepatoesplénica da esquistossomose atendidos em um ambulatério da
cidade de Belo Horizonte- MG. Esses resultados mostram que a lesdo renal associada a
esquistossomose permanece como importante problema de salde puablica no Brasil
(RODRIGUES et al., 2010).

Todos esses dados relacionados a esquistossomose e todo o0 contexto que envolve esta
patologia, nos remetem a pensar em concentrar os estudos que busquem alternativas tanto
para o controle da doenca, bem como desenvolver pesquisas no campo biotecnoldgico para
reduzir os impactos causados pela doenga e suas complicacGes. Neste sentido, é de particular
importancia pesquisar as complicacGes e comorbidades associadas a EHE e EHI, como por
exemplo, o surgimento de microalbumindria, elevacdo da pressdo arterial, alteracdes na
funcéo renal com proteindria oriundas da nefropatia esquistossomotica, além do aumento do
estresse oxidativo em 6rgdos como o figado e rim em func¢do do processo infeccioso sistémico
causado pela esquistossomose.

Esse conjunto de situacdes influenciadas pela esquistossomose contribuiu para o

desenvolvimento desta pesquisa, com 0s seguintes objetivos:
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1.1 Objetivos

Objetivo Geral

Avaliar a microalbumindria como preditor de doenca cardiovascular e renal em pacientes e

em um modelo experimental esquistossomoticos.

Objetivos especificos

1°. Investigar em pacientes portadores de fibrose hepatica/periportal esquistossomotica a
ocorréncia de microalbuminuria e a filtragdo glomerular e correlacionar com niveis de pressao
arterial.

2°. Avaliar a taxa de filtracdo glomerular de pacientes portadores de fibrose
hepatica/periportal esquistossomotica utilizando como biomarcadores a Creatinina e a
Cistatina C.

3°. Investigar em ratos infectados com Schistosoma mansoni, submetidos ou ndo a uma
sobrecarga de sédio:

a) a microalbumindria;

b) os niveis pressoricos;

C) o estresse oxidativo renal,
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2 Revisdo de literatura
2.1 Esquistossomose

O Schistosoma mansoni € um macroparasita delgado e de coloracdo branca. Tem um
ciclo de vida com vaérias transformacodes, tendo o homem como hospedeiro definitivo e o
caramujo como hospedeiro intermediario. O macho adulto possui uma fenda denominada
canal ginecdfaro, onde carrega a fémea junto de si. Habitam e colocam seus ovos
preferencialmente no sistema porta, ramos das veias mesentéricas e plexo hemorroidario
superior. Os ovos sdo eliminados nas fezes. Em contato a 4gua os ovos eclodem e liberam
larvas denominadas miracidios, que infectam os caramujos do género Biomphalaria que em
agua doce. No caramujo os miracidios se transformam em esporocistos, que, por
poliembrionia se transformam em cercarias. As cercéarias sdo liberadas pelos caramujos na
agua cerca de quatro semanas apés a infeccdo. (NEVES et al., 2011; RAY, 2011).

A infeccdo pelo Shistosoma manséni ocorre através da pele, por penetracao da cercaria
quando o0 homem entra em contato com agua contaminada. No hospedeiro definitivo (homem)
0 parasita sofre vérias alteracfes na sua morfologia, e se transforma em esquistossémulo.
Cerca de trés dias depois o esquistossbmulo entra na circulacdo sanguinea e linfatica,
migrando para os pulmdes. A partir da segunda semana de infec¢do, chega até as artérias
mesentéricas, esplénicas e sistema porta hepético, onde se torna adulto em até quatro semanas
depois. Nesta fase pode ocorrer febre, linfadenopatia e aumento do baco. (NEVES et al.,
2011; PRATA & COURA, 2008).

A figura 2, demonstra em um desenho esquemaético o ciclo de vida do Schistosoma

mansoni nas diversas fases do seu ciclo evolutivo.
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Figura 2. Ciclo de vida do parasita Schistosoma mansoni.
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Fonte: Center for Disease Control and Prevention, CDC 2012

Os adultos vivem em cOpula permanente, fixados a parede dos vasos sanguineos,
depois de um a trés meses iniciam a ovoposi¢do. Os ovos do Shistosoma mansoni s&o
espiculados, tem maior facilidade em atravessar a parede dos vasos entram nos tecidos,
quando perfuram a estrutura da parede coldnica, aparecem nas fezes. Os ovos contém formas
larvérias imaturas de miracidios (fémea ou macho), que sdo liberadas na 4gua quando a casca
se rompe cedendo a pressao osmética. Os miracidios penetram no caramujo Biomphalaria sp,
que é o hospedeiro intermediario, onde se reproduzem assexuadamente. Entre trés e cinco
semanas surgem 0s esporocistos e entdo as cercarias, que penetram no hospedeiro final (o

homem), fechando o ciclo de vida (STAVITSKY, 2004; NEVES et al., 2011).
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2.2 Esquistossomose mansonica aguda e crénica

A fase aguda da esquistossomose: pode ser assintomatica, se houver contato minimo
com as cercarias. Em caso de superexposicdo o0s sintomas tendem a ser mais intensos,
ocorrendo sudorese, calafrios, cefaléia, dores abdominais, diarreia, anorexia, emagrecimento,
discreta alteracdo de enzimas hepéticas. Esta sintomatologia da fase aguda diminui
gradativamente com duracdo de até 120 dias. A partir dai, pode ter inicio a fase crbnica da
esquistossomose (RAY, 2011; VAN DER WERF; BORSBOOM; DE VLAS, 2003).

A fase cronica da esquistossomose: é comum ocorrer a formacdo de granuloma em
torno dos ovos do parasita. Inicialmente, a reacdo inflamatoria faz surgir ao redor dos ovos do
parasita, um numero elevado de macrofagos, eosinofilos, linfécitos e plasmacitos, dando um
aspecto de abcesso, resultando em massas sinciciais multinucleadas. Muitos macréfagos se
transformam em fibroblastos, aumentando a espessura do granuloma. A medida que
aumentam os fibroblastos, o granuloma esquistossomotico se apresenta como uma cicatriz
fibrosa (RAY, 2011).

A fase cronica pode apresentar grandes variacfes clinicas em trés formas distintas:
intestinal, hepatointestinal e hepatoesplénica (RAY, 2011). Na forma intestinal ¢ comum
ocorrer desconforto abdominal, com pequenos surtos diarreicos, intercalados com evacuagoes
normais e quadros de flatuléncia. O nimero de pessoas com esquistossomose hepatointestinal
que evoluem para a forma hepatoesplénica pode chegar a 10%. Pode ocorrer fibrose periportal

e doenca hepatica cronica. (ANDRADE, 2005; BINA; PRATA, 2003).

2.3 Esquistossomose hepatointestinal (EHI)

A forma hepatointestinal da esquistossomose ndo se apresenta com manifestacoes

clinicas muito evidentes. Isto dificulta o diagndstico e grande parte dos portadores sdo
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assintomaticos ou com sintomatologia predominantemente intestinal, com dor e desconforto
abdominal, intolerancia a determinados tipos de alimentos, nauseas e vomitos (RAY, 2011).
Ha& pessoas infectadas que relatam sonoléncia apds as refei¢des, sudorese, reducdo do peso e
sonoléncia apos as refeicOes. Ha casos com lesdes intestinais (diarreia mucosanguinolenta,
tenesmo, fibrose de alca retossigmoide) mais evidentes, além fibrose periportal (NEVES et
al., 2011; RAY, 2011). Tais alteracdes acabam sendo confundidas com aquelas encontradas
na forma hepatoesplénica da esquistossomose, a qual pode ser diferenciada pelo aumento do
figado e do bago (RAY, 2011; PRATA & COURA, 2008).

Cerca de 90% das pessoas infectadas pela esquistossomose apresenta a forma mais
leve da doenca, com formacdo de granulomas nodulares encontrados isoladamente em areas
do tecido hepatico. Entretanto a maioria dos casos é beniga com relato de dores abdominais e
diarreia mucosanguinolenta, devido a passagem de ovos do parasita para a luz intestinal.
Como esses ovos s¢cao espiculados, acabam causando pequenas lesGes com presenca de

hemorragia e edema. (NEVES et al., 2011; PORDEUS et al., 2008; ANDRADE, 2008).

2.4 Esquistossomose hepatoesplénica (EHE)

Na forma hepatoesplénica da esquistossomose ocorre a deposi¢do de ovos do parasita
em grande quantidade nos espacos portais, desencadeando uma resposta inflamatéria severa
com formacéo de granulomas. H& neoformagdo de tecido conjuntivo-vascular em torno dos
vasos portais com diminuicdo da luz da veia porta, causando obstru¢cdo em muitos casos
(NEVES, 2011; ANDRADE, 2004). Surgem entdo hepatoesplenomegalia, hipertenséo portal
e formacéo de varizes no es6fago. Uma caracteristica da EHE, cujo tratamento é paliativo e
ndo reverte o quadro evolutivo da doenca (RAY, 2011; MAIA et al., 2007; RICHTER, 2003;

VEZOZZO et al., 2006).
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A hipertensdo portal ocorre devido a obstrucdo da veia porta, desencadeado pela
fibrose periportal, aumento de figado e baco. E uma das consequéncias mais graves da
infeccdo causada pelo Schistosoma mansoni, sendo responsavel pela morbimortalidade de
muitas pessoas infectadas pelo parasita. O espessamento periportal detectado em um exame
de ultrassonografia se correlaciona com a fibrose periportal encontrada nas bidpsias em 100%
dos casos. A progressdo da doenca € clinicamente insidiosa e silenciosa. A ultrassonografia
(US) permite avaliar a extensao e a evolugdo da doenca apos seu tratamento (RICHTER et al.,
2001a; SOUZA et al., 2011).

Um dos exames mais utilizados para avaliar o grau de fibrose periportal induzida pela
esquistossomose € a ultrassonografia. Uma vez dedetecata a fibrose é preciso determinar o seu
grau através da classificacdo de Niamey, que consiste em graus variaveis de fibrose de acordo
com o local e extensdo: I-D: fibrose central, grau I-E fibrose avancada e grau I1-D fibrose
muito avancada (RICHTER et al., 2001a). Niveis séricos de imunoglobulina G (IgG) ja foram
utilizados como um marcador alternativo para determinar o grau e padréo de fibrose periportal

na Esquistossomose (CORREIA et al., 2009).

3. Albumina

A albumina é uma proteina constituida por uma Unica cadeia polipeptidica de 585
aminoacidos e massa molecular de 66 KDa. Estruturalmente a molécula madura esta disposta
na ciruculagdo numa série de a-hélices, que se agrupam para formar 2 subdominios A ¢ B
(figura 3), dos quais trés pares idénticos destes subdominos se unem formando a albumina
(GHUMAN et al., 2005; NICHOLSON et al., 2000).

A albumina possui caracteristicas especificas que sdo relevantes para a estrutura e

fung&o: 18 residuos de tirosina, 6 residuos de metionina, 1 residuos de triptofano, 59 residuos
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de lisina, 1 residuo de cisteina (Cys-34), e 17 pontes disulfetos. A cisteina livre tem um
sulfidril reduzido que é responsavel por mais de 75% dos grupos tiol no plasma. O tiol esta
envolvido em varias reacdes bioguimicas que inativam as espécies reativas de oxigénio, o que

confere a albumina um importante papel antioxidante para no organismo (WONG, 2007).

Figura 3. Molécula de albumina e seus subdominios.
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Figura 3. Resumo da capacidade de ligacdo da albumina sérica humana segundo estudos
cristalogréaficos no esquema representado. Os ligantes séo representados na figura acima. Os
atomos de oxigénio estdo na cor vermelha, todos os outros atomos que no caso sdo: acidos
graxos (acido miristico), ligantes endogenos (hemina, tiroxina) e drogas sao coloridos cinza-
escuro, cinza claro e laranja, respectivamente (GHUMAN et al., 2005).

A albumina tem uma concentracao plasmatica tipica de 35 - 45 g/l, que representa 30 a

40% da albumina sintetizada no figado. O restante encontra-se distribuido entre os masculos e
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a pele. Em individuos saudaveis a albumina é a proteina mais abundante no plasma,
representando entre 55-60% da proteina medida no soro, e a concentracdo sérica depende de
sua taxa de sintese, degradacdo e da sua distribuicdo corresponde a principal fracdo das
proteinas totais presentes no plasma. E a proteina mais abundante no meio extracelular
(DUARTE, 2007; WONG, 2007). Os niveis sericos de albumina estdo relacionados ao
aumento da morbidade, (periodo maior de internacdo para tratamentos e cicatrizacdo
comprometida) e da mortalidade (GAW, 2001). Os valores de referéncia em adultos sdo
descritos como normal: acima de 3,5 g/dL, deplecéo leve: de 3 a 5 g/dL, deplecdo moderada:

de 2,4 a 2,9 g/dL e deplecdo grave: menor do que 2,4g/dL (CUPPARI, 2005).

3.1 Sintese de albumina

A sintese inicia no nudcleo celular, onde os genes sdo transcritos para o acido
ribonucleico (MRNA). O mRNA é secretado para o citoplasma, onde se liga aos ribossomos,
formando polissomos que sintetizam uma extensdo de 24 amino&cidos. A extensdo de
aminoacidos sinaliza a insercdo da pré-albumina na membrana do reticulo endoplasmaético.
Uma vez dentro do limem do reticulo, 18 aminoacidos da extenséo sdo clivados, formando a
pré-albumina com uma extensdo de seis aminoacidos remanescentes. A pré-albumina é a
principal forma intracelular de albumina e é exportada para o complexo de golgi, onde a
extensdo de seis aminoéacidos é removida antes da secrecdo da albumina pelo hepatdcito
(JOHNSON et al., 2008).

A albumina entra no espaco intravascular de duas maneiras, na primeira, atinge o
espaco via sistema linfatico hepatico, movendo-se para os ductos toracicos; a segunda via
passa diretamente dos hepatdcitos para os sinusoides, apds atravessar o espaco de Disse. O

figado é o Unico sitio de producédo de albumina, fornecendo 12 a 15 g/dia (MINCIS, 2008), a
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uma taxa de 197 mg/kg de peso corporal/dia ou 12-25g de albumina por dia. Nao é
armazenada pelo figado, mas secretada para a circulacdo portal logo que é produzida.
Fisiologicamente, o figado pode aumentar a sintese de albumina em apenas 2-2,7 vezes acima
do normal. Alguns fatores sdo necessarios para a sintese normal de albumina, como uma
nutricdo adequada, secrecdo hormonal e ambiente osmatico.

A pressdo osmotica coloidal do fluido intersticial que banha o hepatdcito é o maior
regulador da sintese de albumina. Entre os fatores que podem influenciar a sua sintese estdo: o
trauma, a septicemia, doencas hepaticas, diminuicdo do hormdénio de crescimento e de
corticosteroides, jejum e deplecdo de proteinas (WONG, 2007; NICHOLSON et al., 2000).

A avaliacdo da albumina é um bom pardmetro para a avaliacdo da funcdo de sintese
hepética do figado. Sua concentracdo pode diminuir na doenca hepatica cronica. E também
um dos critérios de avaliacdo da gravidade da doenca em pacientes cirroticos. O intervalo de

tempo para repetir a dosagem deve ser de no minimo 20 dias (MINCIS, 2008).

3.2 Degradacéo da albumina

Apos secrecdo no plasma, as moléculas de albumina passam para o espaco tissular e retornam
ao plasma via ducto toracico. Ainda ndo esta bem elucidado sobre quantas vezes a albumina
exerce suas funcdes antes da degradacdo por cerca de 20 dias ap0s ser excretada, razao pela
qual ndo ha reducédo de seus niveis na insuficiéncia hepatica aguda nem na hepatite aguda de
qualquer etiologia. Estudos sugerem que a albumina é degradada aleatoriamente no endotélio
dos capilares, na medula déssea e nos sinusoides hepaticos, ndo havendo diferenciacdo entre

moléculas novas e velhas (JOHNSON et al., 2008; MINCIS, 2008).
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3.3 Funcéo da albumina

A principal funcao fisioldgica da albumina é manter o volume intravascular a pressao
coloidosmdtica, gerada pelas proteinas no plasma sanguineo, além de ser o principal
modulador de distribuicdo de fluidos entre os compartimentos do organismo. A albumina
ainda desempenha varias outras funcdes, como o transporte de substancias enddgenas como
0s aminoacidos, acidos graxos, bilirrubina e outros metabdlitos e substancias exdgenas como
drogas e produtos tdxicos (DUARTE, 2007; EVANS et al., 2005; MENDEZ et al., 2005;
WONG, 2007).

Tem uma capacidade extraordinaria de ligacdo com uma variedade de moléculas
hidrofobicas, acidos graxos, bilirrubina, hemina, tiroxina e esteroides, sendo o transportador
destes compostos. Afeta as propriedades farmacocinética de muitas drogas, fornece a
modificacdo metabdlica de alguns ligantes, torna inofensivas potenciais toxinas. (ASCENZI,
FASANO, 2009, 2010; BAKRIS et al., 2010; BERTUCCI; PISTOLOZZI; DE SIMONE,
2010; CURRY, 2002, 2009; GHUMAN et al., 2005; YANG et al., 2007). Além de
propriedades antioxidantes, anti-inflamatdrias e efeito estabilizador sobre o endotélio vascular
(COMHAIR; THOMASSEN; ERZURUM, 2000; EVANS; MAJID; EPPEL, 2005; HATI,
2003; KRAGH-HANSEN; CHUANG; OTAGIRI, 2002; WACHTELL et al., 2003; WONG,
2007).

Na manutencdo da pressdo osmética coloidal, a albumina parece circular do
intravascular para os espagos extravasculares, e a taxa de evasdo transcapilar é determinada:
pelos capilares e concentragdes intersticiais de albumina livre, pela permeabilidade
microvascular para o movimento da albumina, pelo movimento de solutos e de solventes e
pela carga elétrica transcapilar. Em pacientes com hipoalbuminemia (especialmente quando

associada com a inflamacéo ou sepse), cujos capilares séo conhecidas por ser hiper permeéavel
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e permitir o vazamento de albumina para o espaco intersticial atrai 4gua e produz edema
(WONG, 2007).

A albumina é uma proteina transportadora versatil para a segmentacdo de varias
drogas e para melhorar o perfil farmacocinético dos medicamentos peptideos ou a base de
proteinas. Tem uma forte carga negativa, mas é reversivel e se liga fracamente para cations e
anions, o que pode influenciar a permeabilidade capilar. Assim, ela funciona como uma
molécula de transporte para um grande nimero de metabolitos (KRATZ, 2008; QUINLAN;
MARTIN; EVANS, 2005).

Em relacdo as propriedades antioxidantes, a albumina é a principal fonte de tidis
extracelular, que sdo grupos sulfidrilicos catadores de espécies reativas de oxigénio e
nitrogénio. Além disso, a albumina pode limitar a producdo de espécies oxidativas reativas
através de ligacdo de cobre livre, um ion conhecido por ser particularmente importante na
aceleracdo da producdo de radicais livres (KRAGH-HANSEN; CHUANG; OTAGIRI, 2002;
QUINLAN; MARTIN; EVANS, 2005; QUINLAN et al., 1998).

Quanto a estabilizacdo endotelial, a albumina tem a capacidade de reduzir a lesdo do
endotélio, causada por espécies reativas de oxigénio e pela retencdo de compostos
nitrogenados, o que significa estabilizar e auxiliar na manutencdo da permeabilidade capilar.
Interfere na adeséo dos neutréfilos ao endotélio capilar, reduzindo a inflamag&o e auxiliando
na manutengdo da integridade endotelial (QUINLAN; MARTIN; EVANS, 2005).

A albumina sérica também é utilizada como biomarcador importante de vaérias
doencas, incluindo o céancer, a artrite reumatdide, a isquemia, pés menopausa, sindrome
nefrotica, obesidade severa aguda, doenca do enxerto contra hospedeiro em pacientes

transplantados e de doencas que necessitam de monitorizacdo da glicemia como o diabetes
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mellitus e a nefropatia diabética. (EIJKELKAMP et al., 2007; GUPTA,; LIS, 2010; HATI,
2003; KOGA et al., 2010; SBAROUNI; GEORGIADOU; VOUDRIS, 2011).

Na prética clinica, uma série de estudos recentes tem relatado que a albumina tem sido
amplamente utilizada no tratamento de varias doencas (LEE, 2012), incluindo hipovolemia,
choque, queimaduras, perda de sangue em cirurgias, trauma, hemorragia, circulacdo
extracorporea, sindrome da angustia respiratdria aguda, hemodialise, insuficiéncia hepatica
aguda, doenca hepatica crénica, suporte nutricional e na hipoalbouminemia (BERNARDI et al.,
2012; DELANEY et al, 2011; LIBERATI et al, 2006; ROBERTS et al,
2011). Recentemente, tem sido relatadas aplicacdes biotecnoldgicas de albumina sérica
humana, incluindo a producdo de biomateriais, adesivos e selantes cirargicos e
biocromatografia ((BERTUCCI; PISTOLOZZI; DE SIMONE, 2010; FURUKAWA et al.,

2011; HATI, 2003; KOMATSU et al., 2011).

3.4 Microalbuminuria e doenga cardiovascular

Microalbumindria, presenca de 30 — 300 mg/dL de albumina na urina, tem prevaléncia
elevada em pacientes hipertensos e diabéticos, no entanto pode ocorrer entre 5 e 7% de
individuos jovens e saudaveis, (BERTUCCI; PISTOLOZZI; DE SIMONE, 2010; DE
ZEEUW; PARVING; HENNING, 2006; HILLEGE et al., 2001; YUYUN et al., 2004) e tem
sido correlacionada com o desenvolvimento tardio de doencas cardiovasculares, inclusive
hipertensdo arterial (MOGENSEN; CHRISTENSEN, 1984; YUYUN et al., 2003). Assim, a
microalbumindria ndo representa apenas um marcador de doenca renal, ela tem sido apontada
como um fator preditivo de doengas cardiovasculares e de hipertenséo arterial (DE ZEEUW;

PARVING; HENNING, 2006).
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A microalbuminuria tem prevaléncia elevada em pacientes com diabetes mellitus tipo
Il (MOGENSEN, 1984) e tem sido amplamente reconhecida como um preditor para doenca
cardiovascular (DCV) ao longo dos ultimos 10 anos (KARALLIEDDE; VIBERTI, 2005;
WEIR, 2007). Um estudo recente mostrou que a microalbumindria esta associada a lesdes
glomerulares, pré-lesdo vascular glomerular e inflamacdo dos nefrons justamedulares em
ratos espontaneamente hipertensos (NAGASAWA et al., 2012).

A presenca de microalbumindria independentemente da causa, aumenta o risco de
doencas cardiovasculares, principalmente quando associada a presenca de fatores de risco
conhecidos como dislipidemia, hipertensdo e diabetes (EIJKELKAMP et al., 2007,
FORMAN; BRENNER, 2006). Ensaios clinicos tém demonstrado que a reducdo da
microalbumindria melhorou significativamente os resultados de DCV em individuos
albumindricos (DE ZEEUW et al., 2004; HILLEGE et al., 2002; IBSEN et al., 2006).

Todos estes estudos demonstram que a microalbuminudria pode repercutir em
distarbios cardiovasculares e renais, alem de diabetes mellitus tipo Il (DE ZEEUW,
PARVING; HENNING, 2006; KARALLIEDDE; VIBERTI, 2005; MOGENSEN;
CHRISTENSEN, 1984; WEIR, 2007). A albumindria foi associada a lesdo de nefrons
Justamedulares, lesdes nas artérias da medula espinhal e incidéncia dos casos de acidente
vascular cerebral (AVC). Esta afirmacéo € sustentada pelo fato de que, a espessura da parede
da arteriola glomerular do nefron justamedular é aumentada quando esta presente a
microalbumindria, o que indica que a excre¢do de albumina estd predominantemente nos
nefrons justamedulares lesionados (NAGASAWA et al., 2012).

A Pressdo capilar glomerular € normalmente mantida a uma constante de cerca de
50 mmHg em ambos os glomérulos corticais externos e justamedulares. Os vasos pré-

glomerulares, especialmente as arteriolas aferentes, sdo responsaveis pela regulacdo da
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pressdo capilar glomerular. Os glomérulos corticais podem reduzir a pressdo arterial efetiva
de cerca de 90 mmHg na artéria arqueada para 50 mmHg, a uma distancia relativamente
longa. Em comparacéo, o nefron justamedular realiza esta redugdo na pressdao sanguinea em
uma distancia menor. Por conseguinte, a arteriola aferente da artéria justamedular é suscetivel
a tensdo cronica com exposicdo a altas pressoes e é sensivel a elevacdo precoce da pressdo
arterial (ITO et al., 2009).

Mesmo com tantos trabalhos realizados para determinar 0 seu mecanismo as
conclusdes tiradas a partir desses estudos permanecem controversas (THOMAS, 2011).

Em relacdo a esquistossomose, as lesGes dos capilares glomerulares que podem sugerir
0 aumento da pressdo, provem da resposta imunoldgica associada a infec¢do pelo schistosoma
mansoni. Essa afirmacdo é sustentada pela deposicdo de imunocomplexos especificos,
limitada inicialmente a area mesangial, por isso é chamada de glomerulonefrite mesangio-
proliferativa. Mas pode resultar no acometimento mais difuso do glomérulo, envolvendo nédo
somente 0 mesangio, mas também a parede capilar e especificamente sua face subendotelial,
com forte reacdo exsudativa, estimulando a proliferacdo das células residentes, em particular
as células mesangiais (BARROS et al., 2012; BARSOUM, 1993, 1999).

Do ponto de vista anatomopatolégico, as alteragdes desencadeadas e observadas no
processo inflamatério glomerular se assemelham as da glomerulonefrite focal e segmentar,
idiopatica ou primaria (NUSSENZVEIG et al., 2002). Isto sugere que essa lesdo é uma
consequéncia da reducdo do numero total de nefrons, destruidos pela inflamagdo prévia,
persistente, que gerou os tipos histologicos descritos. Este processo inflamatério pode
desencadear mudancas hemodinamicas importantes que resultam no aumento da hipertensao
intracapilar glomerular, os nefrons remanescentes sofrem um processo de esclerose

progressiva (BARROS et al., 2012).
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A deposicdo de imunocomplexos estimula a proliferacdo de células mesangiais,
determinando o aumento no volume do tufo glomerular (glomerulonefrite mesangio-
proliferativa) O que pode dar origem a proteinuria (BARROS et al., 2012; MARTINELLI et
al., 1992). Neste sentido, a glomerulopatia esquistossomotica tem proteindria de origem
glomerular, em funcdo da resposta imunoldgica, seja em niveis nefréticos ou ndo nefréticos
(BARSOUM, 2004; SOUZA et al., 2011).

As glomerulopatias associadas a esquistossomose apresentam um espectro amplo de
manifestacdes clinicas que se estendem a partir de uma microalbumindria assintomatica até o
estagio final da doenca renal. Isto levou a uma classificacdo clinico patologica de 5 tipos de
glomerulonefrites associadas a esquistossomose, aprovadas pela Associacdo Africana de
Nefrologia em 1992 e conhecida como AFRAN. Esta classificacdo possibilitou diferenciar a
doenca glomerular associada ao shistosoma em 5 padr@es histologicos (BARSOUM, 2004).

Classe I glomerulonefrite mesangial, como deposicdo de complexos imunes contendo
antigenos esquistossomaéticos, IgM e C 3 (SOBH et al., 1988). Classe Il glomerulonefrite
exsudativa, com muitos neutrofilos, mondcitos e eosinodfilos que invadem o meséangio
(BASSILY et al., 1976). Classes 1l e IV apresentam proteindria, geralmente dentro da gama
nefrética, embora subnefrotica, proteindria ocorre em 10% a 20% dos pacientes, ocorrendo na
maioria dos pacientes com doenca progressiva. Ambos sdo encontrados principalmente com
Shistosoma mansoni (BARSOUM, 1993a). Classe V - resposta generalizada a inflamacéo

cronica, com proteindria e insuficiéncia renal progressiva (MARTINELLI et al., 1992).

4. Avaliagdo da funcéo renal e biomarcadores

A medida da funcdo renal é essencial para identificar distarbios renais que possam

reduzir a taxa de filtragdo glomerular (TFG). E muito utilizada na prética clinica para se
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avaliar o funcionamento renal (Roos, 2007; Vaisbich, 2003), além de alternativa para
minimizar a insuficiéncia renal aguda (IRA) com sua prevencdo e diagnostico precoce. A
TFG é amplamente aceita como a melhor forma de avaliar a funcdo renal em individuos
sadios ou doentes e geralmente € mensurada em laboratorio, utilizando como parametro um
biomarcador glomerular (MADERO; SARNAK; STEVENS, 2006; MARTINS et al., 2003;
ROSS et al., 2007).

Para um biomarcador ser ideal na avaliacdo da TFG, deve ser totalmente filtrado pelos
rins, permeavel a barreira glomerular e ndo deve ser sintetizado ou degradado no organismo,
nem secretado ou reabsorvido pelos tubulos renais (BAGSHAW; GIBNEY, 2008;
HERRERO-MORIN et al., 2007; VILHELMSDOTTER ALLANDER et al., 2012). A inulina,
substancia que preenche estes critérios é onerosa, de dificil aquisicdo e manipulacdo, sendo
utilizada apenas em pesquisas ou centros altamente especializados (KIRSZTAIN, 2007;
ROSS et al., 2007;).

Biomarcadores enddgenos sdo de determinacdo menos complexa e oferecem
resultados mais rapidos. Atualmente, a creatinina sérica é o marcador endbgeno mais
comumente utilizado na prética clinica, seja por meio de sua determinacdo sérica isolada ou
em conjunto com a coleta de urina de 24 horas para a determinacdo da depuracdo de

creatinina (VILHELMSDOTTER ALLANDER et al., 2012).

4.1 Creatinina

A concentracdo da creatinina plasmatica, um derivado da creatina muscular, com
massa molecular de 113 KDa (MADERO; SARNAK; STEVENS, 2006), esta inversamente
relacionada a TFG. Entretanto, muitos fatores limitam sua acuracea, uma vez que o seu nivel

sérico e proporcional a massa muscular e € influenciada pela idade e sexo (DEINUM,;
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DERKX, 2000). Isso favorece uma consideravel variacao intra e interindividual, justificando
o0 nivel plasmatico mais elevado em adultos que em criancas e em homens que em mulheres,
bem como um aumento significante com o crescimento linear em criancas (BOKENKAMP et
al., 1998; HERGET-ROSENTHAL; BOKENKAMP; HOFMANN, 2007).

Ao contrério, individuos que perdem massa muscular evoluem com reducdo na
producdo de creatinina e, consequentemente, em seu nivel plasmatico. Associado a isso,
alguns fatores externos interferem em sua determinacdo analitica, entre 0s quais se citam
outras substancias enddgenas (glicose, bilirrubinas, acido Urico, triglicerideos, cetonas e
proteinas plasmaticas) e alguns medicamentos (cefalosporinas, sulfas e cimetidina), que
inibem sua secrecdo tubular, elevando o nivel sérico sem afetar a TFG (HOJS et al., 2006;
MADERO; SARNAK; STEVENS, 2006).

Na prética clinica, o biomarcador mais utilizado para avaliar a funcéo renal tem sido a
creatinina sérica. Esta é liberada de forma relativamente constante no plasma e livremente
filtrada pelos glomérulos, ndo é reabsorvida no tabulo proximal, nem metabolizada pelos rins
(BAGSHAW,; GIBNEY, 2008). Entretanto, apresenta diversas desvantagens na avaliacdo da
funcdo renal: sofre secre¢éo tubular, levando a uma superestimativa da TFG em pacientes
com funcédo renal diminuida; quando avaliada através de depuracdo da creatinina endégena
(DCE) é considerada pouco sensivel (HERRERO-MORIN et al., 2007), pois n&o possibilita a
deteccdo de quedas de 50% e nem alteracdes rapidas na funcdo renal. A coleta de urina de 24
horas é trabalhosa e acarreta erros; sua depuracdo, apesar de usada para avaliar a TFG, ndo é
util para definir o estagio exato da perda de funcéo renal. (VAISBICH, 2003).

A andlise da creatinina € ainda predominantemente dependente da reagéo original de

Jaffe, a qual envolve um mecanismo de reacdo que ndo € completamente compreendido e
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sofre muitas interferéncias analiticas, além de ser imprecisa e apresentar viés (KIRSZTAJIN,
2007).

Portanto, € consenso da National kidney Fundation desde 2002, (LEVEY et al., 2003)
indicar que a medida isolada da creatinina ndo é suficiente, nem a melhor forma de estimar a
TFG. Para esta finalidade, podem ser utilizadas equagdes que levem em conta a creatinina
sérica e algumas ou todas as seguintes variaveis: idade, sexo, raca e indice de massa corporal
(IMC). As equacdes do estudo Modification of Diet in Renal Disease (MDRD) (RULE et al.,
2004) e de Cockcroft-Gault provém estimativas Gteis da TFG em adultos. A equacdo do
MDRD é superior a Cockroft-Gault em pessoas com TFG menor que 90 mL/min/1,73m2, por
ser mais acurada e precisa, conforme ja previamente determinado através da comparacdo com
a depuracdo de 125I-iotalamato. Ela foi desenvolvida em individuos com doenca renal
crénica, ndo incluindo pessoas saudaveis (LEVEY et al., 1999, 2003).

Em pessoas normais, a equacdao do MDRD pode significativamente subestimar a TFG
(LIN et al., 2003) e desta forma, ndo ser apropriada para determinar a prevaléncia da doenca
renal cronica (RULE et al., 2004). Além disso, permanecem questdes sobre a possibilidade de
generalizacdo do uso da equacdo, porque ela ndo foi validada na nefropatia diabética, em
pacientes com sérias comorbidades, ou em pessoas acima de 70 anos de idade . Contudo,
devido as limitacdes desta equacdo, foi proposto um novo célculo, o qual foi originado da
avaliacdo de 580 individuos saudaveis e 320 com doenca renal cronica.

Um estudo envolvendo pacientes diabetes mellitus tipo 1 proveu uma equacgdo para
estimar a TFG com iohexol, dependente de cistatina C, em individuos com niveis de
creatinina dentro da faixa de normalidade, mas com funcao renal de normal a moderadamente
(LEVEY et al., 2003) diminuida Tem-se considerado em relacdo a equacOes preditoras da

TFG o viés referente a falta de padronizagéo na calibracdo dos ensaios de creatinina entre 0s
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laboratérios de analises clinicas. Entretanto, mesmo reconhecendo e eliminando vieses de
calibracdo, este procedimento nédo retifica o viés de selecdo presente no estudo original do

MDRD (CORESH et al., 2002).

4.2 Cistatina C

A cistatina C € uma proteina catidnica basica, ndo glicosilada de 120 aminoacidos,
ponto isoelétrico 9,3 e um peso molecular de 13 KDa, pertence a familia 2 das cistatinas
(FILLER et al., 2005). Foi descoberta em 1961, como traco g huma banda eletroforética de
fluido cerebrospinal, sendo também, no mesmo ano, identificada na urina. Em 1985, foi
demonstrada, pela primeira vez, a forte correlacdo inversa da cistatina C sérica com a FG
(NEWMAN, 2002). A partir desta época, tem havido um interesse crescente na cistatina C
como um marcador da filtracdo glomerular, sendo atualmente um forte concorrente da
creatinina.

E produzida a uma taxa constante por células nucleadas (MYERS et al., 2006) e n&o é
alterada pela coexisténcia de processos inflamatorios e € razoavelmente constante. Parece ser
a proteina mais investigada em fluidos biol6gicos humanos. O seu nivel no plasma parece ndo
variar de causas extra renais, 0 que a caracteriza como um marcador adequado da taxa de
filtracdo glomerular (FILLER et al., 2005; MYERS et al., 2006).

A cistatina C é livremente filtrada pelos glomérulos devido ao seu baixo peso
molecular, em combina¢do com uma carga elétrica positiva (CURHAN, 2005; DEINUM;
DERKX, 2000) e é seguida por reabsorcao tubular e degradacdo, resultando na excre¢do de
uma pequena quantidade na urina. N&o é secretada pelos tdbulos renais e também ndo é
reabsorvida de volta para 0 soro e, portanto, 0s seus niveis no soro reflete a quantidade de

filtracdo glomerular (LEVIN, 2005). Estudos iniciais relataram que sua concentragdo sérica

41



independe da idade, sexo, dieta, massa muscular e peso corporal. (DHARNIDHARKA;
KWON; STEVENS, 2002; SHIMIZU-TOKIWA et al., 2002). Dessa forma, nao foi relatada
diferenca relevante entre os valores de referéncia para o sexo feminino e 0 masculino. Em
criancas saudaveis, a concentracdo de cistatina C se estabiliza no segundo ano de vida e o
valor de referéncia é idéntico ao dos adultos (FILLER et al., 2005; HERGET-ROSENTHAL;
BOKENKAMP; HOFMANN, 2007).

Atualmente, o método mais utilizado para mensurar a Cistatina C sérica, € 0 PENIA
(particle-enhanced nephelometric immunoassay) feita no aparelho BNII, da Dade Behring. E
automatizado, rapido e requer pequenas quantidades de soro (FILLER et al., 2005; MARTINS
et al., 2003; NEWMAN, 2002; PRATES et al., 2007). Os valores de referéncia tem um
intervalo entre 0,53 mg/l e 1,2 mg/l (FINNEY; NEWMAN; PRICE, 2000; UHLMANN et al.,
2001).

Quanto a estabilidade da amostra, o fabricante recomenda que a temperatura ambiente
é de 7 dias; a -20 °C, de 1 a 2 meses; - 80 °C, 6 meses. Além disso, resiste a um minimo de 07
ciclos congelamento/descongelamento. Pode ser deixada sem separar do sangue por até 24
horas sem alteracdo da quantidade de cistatina C presente na amostra (PRATES et al., 2007,

VISVARDIS et al., 2004; POGGIO; HALL, 2006).

5. Estresse oxidativo

O estresse oxidativo é um desequilibrio entre a producdo de espécies reativas de
oxigénio e a protecdo antioxidante (extra e intracelular) do organismo. Espécies reativas de
oxigénio (EROs) € um termo que serve para designar os radicais livres derivados do oxigénio
(superdxido, hidroxil) e também, ndo radicais derivados do oxigénio (peroxido de

hidrogénio). As moléculas que contém um ou mais elétrons ndo emparelhados tem alta
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reatividade e podem reagir entre si ou a varios tipos de moléculas encontrados nas células, por
isso sdo chamados radicais livres. Quando dois radicais livres compartilham seus elétrons
desemparelhados, forma-se um ndo radical (SHOJI; KOLETZKO, 2007; VALKO et al.,
2007).

EROs de grande importancia fisiolégica sdo o anion superoxido, superoxido de
hidrogénio, radical hidroxila e o acido hipocloroso. Essas substancias podem ser produzidas
por diferentes mecanismos, como isquemia-reperfusdo, ativacdo de neutréfilos e macrofagos,
acidos graxos livres e metabolismo das prostaglandinas. podem reagir com quase todo tipo de
molécula presente em células vivas, como lipidios, proteinas, polissacarideos e o préprio
acido desoxirribonucleico (DNA) (SHOJI; KOLETZKO, 2007).

Ha também fontes exdgenas de oxidantes como a hiperoxia, que pode elevar os niveis
da pressdo parcial de oxigénio nos diversos tecidos do corpo e consequentemente aumentar a
producdo de espécies reativas de oxigénio e nitrogénio (COMHAIR; THOMASSEN;
ERZURUM, 2000). A fumaca do cigarro é outra fonte exdgena de oxidante que contém
muitos radicais livres e compostos organicos, como o superoxido e o éxido nitrico. A inalacdo
da fumaca do cigarro cria mecanismos endégenos como a acumulacdo de neutrdfilos e
macrofagos, 0s quais podem aumentar a lesdo oxidante (ASANO et al., 2012). Outras fontes
de oxidante exdgeno incluem a radiagdo ionizante e a exposi¢do ao oz6nio (BIRBEN et al.,
2012).

Normalmente, EROs s&o produzidas por organismos vivos, como um resultado do
metabolismo celular. Em concentragdes baixas a moderadas, elas funcionam em processos
celulares fisioldgicos, mas e concentracfes elevadas, produzem modificacGes adversas aos
componentes celulares e podem causar um desequilibrio oxidante / antioxidante (Valko et al.,

2006). Este desequilibrio em favor dos oxidantes contribui para muitas condi¢fes patoldgicas,
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incluindo céancer, distarbios neurologicos, (DHALLA; TEMSAH; NETTICADAN,
2000) aterosclerose, hipertensdo, isquemia, diabetes, fibrose pulmonar idiopatica e doenca
pulmonar obstrutiva cronica (FITZPATRICK et al., 2009; KASPAROVA et al., 2005).

O organismo também tem uma variedade de antioxidantes que servem para
contrabalancar o efeito de agentes oxidantes. Estes podem ser divididos em duas categorias:
enzimaticos que incluem a superdxido dismutase, a catalase, a glutationa peroxidase, a
glutationa transferase, etc, e os ndo enzimaticos, All transretinol 2 (vitamina A), Acido
ascorbico (vitamina C) a tocoferol (vitamina E), o betacaroteno e a glutationa, que agem para
neutralizar os oxidantes (BIRBEN et al., 2012). A vitamina C soltvel em agua fornece uma
capacidade antioxidante intracelular e extracelular, principalmente por eliminacdo de
EROs (MANEVICH; FEINSTEIN; FISHER, 2004; MEZZETTI et al., 1996).

A vitamina E lipossolivel ¢ a principal defesa contra oxidantes que podem lesionar a
membrana celular, desencadeia a apoptose das células cancerosas e inibe as formacbes de
radicais livres (MASELLA et al., 2005; WHITE; SHANNON; PATTERSON, 1997).

A glutationa é um tripeptideo composto por glutamato, cisteina e glicina. E o principal
antioxidante hidrossolivel e um dos principais determinantes do estresse oxidativo.
Abundante em todos os compartimentos da célula, ela desintoxica o peréxido de hidrogénio e
peroxidos de lipideos, protegendo os lipideos de ataques oxidantes (MASELLA et al., 2005).

A peroxidacdo lipidica induzida por EROs tem grande importancia nas causas de leséo
celular. Ela pode romper o arranjo da bicamada lipidica, o que pode inativar receptores de
enzimas ligadas a membrana e aumentar a permeabilidade do tecido. Quando o mecanismo
antioxidante é exaurido, as membranas celulares ficam irreversivelmente danificadas (NIKI et

al., 2005). O estresse oxidativo também pode danificar a estrutura e funcdo de proteinas
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celulares envolvidas em vias de regulacdo de transducdo de sinais e expressdo génica
(BARFORD, 2004).

Os organismos aerébios que integraram 0s sistemas antioxidantes, que incluem
antioxidantes enzimaticos e ndo enzimatica, sao geralmente eficazes em bloguear os efeitos
nocivos de EROs. Quando ocorre 0 estresse oxidativo, as células tentam contrariar os efeitos
oxidantes e restaurar o equilibrio redox pela ativagdo ou silenciamento de genes que
codificam enzimas de defesa, os fatores de transcricdo e as proteinas estruturais (BIRBEN et
al., 2012).

Esses achados indicam que o desequilibrio entre a producdo de substancias pro-
oxidantes e a defesa antioxidante pode ter repercussdes na funcdo renal. O estresse oxidativo
renal aumentado em paralelo com alteracdes de funcdo renal ocorre mesmo anteriormente ao
surgimento da hipertensdo (MAGALHAES et al., 2006a; VIEIRA-FILHO et al., 2009). Uma
das formas do estresse oxidativo renal aumentar os niveis presséricos consiste na reducéo da
biodisponibilidade do 6xido nitrico, o que leva aumento da reabsor¢do de s6dio no ramo
ascendente da alga de Henle, uma outra forma consiste no aumento da resisténcia vascular

renal (EVANS; MAJID; EPPEL, 2005).
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ABSTRACT

Schistosomiasis is chronic and debilitating disease that affects approximately 240 million
people worldwide and another 700 million living in endemic areas of developing countries,
which has been a public health problem in Brazil (6,780,683 cases in 2009). The chronic
schistosomiasis can lead to inflammatory processes and kidney damage due to high
endothelial oxidative stress that can cause microalbuminuria, which has been associated to
later development of cardiovascular diseases. Then, would the microalbuminuria be a new
alternative non-invasive marker for patients with hepatosplenic schistosomiasis (HEH)
infected with the parasite Schistosoma mansoni (SM)? For answering this question, albumin
concentration indexed to urinary creatinine, was investigated in 130 patients that showed
hepatoesplenic fibrosis due to SM infection (SM group) compared to 40 control patients (C
group). Inclusion criteria required nonhypertensive, nondiabetic and nonsplenectomyzed
patients. From the 130 evaluated patients, 14.6% (11 men and 8 women) presented
microalbuminuria (values between 30 and 300 mg/g creatinine) compared to C group that
showed 5.0 % (1 man and 1 woman). Of the total 19 patients with microalbuminuria, 79.0%
of them (8 men and 7 women) had esququistossomose hepatosplenic HEH, and only 21.0% (3
men and 1 woman) had schistosomiasis hepatointestinal (HIE). The renal glomerular filtration
(RGF) and arterial pressure (AP) increased in SM group compared to C group. The results of
these studies suggest that microalbuminuria can be used as a new marker non-invasive for

previous diagnostic of the schistosomal glomerulopathy.
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1. Introduction

Schistosomiasis is a chronic and debilitating disease that affects approximately 240
million people worldwide and another 700 million living in endemic areas of developing
countries. In sub-Saharan Africa are recorded 200 thousand deaths annually due to parasitosis.
In Brazil, the population infected with Schistosoma mansoni reached 6,780,683 people in
2009 (World Health Organization, 2011). Untreated schistosomiasis can develop into a
chronic phase, reducing the ability of the infected person for the job, and other complications
that offer health risk such as renal diseases. The nephrotic syndrome is the most frequent form
of clinical symptom of schistosomal nephropathy. Renal involvement in schistosomiasis is an
important cause of end-stage renal disease and increases the socioeconomic impact of
schistosomiasis (Lambertucci et al., 1988; Lambertucci, 1993).

The incidence of renal diseases in the Brazilian population that displays hepatosplenic
schistosomiasis is approximately 12 to 15% (Lambertucci et al., 1988; Rodrigues et al., 2010).
Although the most common forms of renal involvement induced by Schistosoma mansoni are
mesangium and membrano-proliferative glomerulonephritis, there is still indicative of
pathological type of glomerulopathy developed by Brazilian patients (Nussenzveig, 2002). In
addition, there are no studies in the literature about the potential risk for these patients
develop cardiovascular diseases.

(Mogensen and Christensen, 1984) reported for the first time that microalbuminuria
predisposes the eventual appearance of clinical proteinuria and early mortality in type Il
diabetes. The mechanism that causes increased urinary albumin excretion is not well defined
and the reasons why this excretion is associated with increased cardiovascular risk has not yet
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been established. The prevailing explanation is that microalbuminuria is considered as
generalized disorder of the vascular endothelium with increase of its permeability, allowing
the releasing of albumin through the glomerular membrane (Yuyun et al., 2005).

Microalbuminuria, 30-300 mg/g creatinine of albumin, has a high prevalence in
patients with arterial hypertension and diabetes, but may occur between 5 and 7% of young
health people (de Zeeuw et al., 2006) and has been associated with the later development of
cardiovascular diseases (Yuyun et al., 2003). One of the characteristic findings in these
patients was high oxidative stress of the vascular endothelium (Yuyun et al., 2005). Thus,
microalbuminuria is not only a marker of kidney disease, but also it has been identified as a
predictor of cardiovascular disease and arterial hypertension (Karalliedde and Viberti, 2004;
de Zeeuw et al., 2006; Weir, 2007). Microalbuminuria is common, also in a nondiabetic,
nonhypertensive population, and an independent indicator of cardiovascular risk factors and
cardiovascular morbidity (Hillege et al., 2001).

The mechanisms involved in renal disease because of changes in sodium homeostasis
in hemodynamic aspects occur such as increase intraglomerular hydrostatic pressure
(Takenaka et al., 1992) and non-hemodynamic terms lead to the development of inflammatory
processes and oxidative stress (Magalhdes et al., 2006).

The immune response has been associated with increased oxidative stress and
endothelial dysfunction that can lead to microalbuminuria, which has been associated with the
subsequent development of cardiovascular diseases. Based on the literature above cited, it
was investigated in the present work the occurrence of microalbuminuria as a new non-
invasive marker for patients carriers of the hepatosplenic (HEH) or hepatointestinal (HEI)
schistosomiasis with periportal fibrosis, and the correlation with renal glomerular filtration

(RGF) and levels of arterial pressure (AP).
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2. Experimental Design

2.1. Selection of patient groups

130 patients diagnosed with schistosomiasis (SM) in the Outpatient Clinics of
Schistosomiasis Hospital - Federal University of Pernambuco — UFPE were included in the
present study. They were treated at the Hospital das Clinicas — UFPE, presenting the form
hepatosplenic schistosomiasis, periportal fibrosis associated with any degree, 61.5% (47 men
and 33 women) or hepato-intestinal form with periportal fibrosis from degree D, 38.5% (24
men and 26 women). The results were compared to those obtained from 40 health people
control (C group), coming from the same social class. The criteria for inclusion in the study
were age between 18 and 60 years, have not performed splenectomy and not being a carrier of
hypertension, diabetes or any disease that compromises renal function. Patients with history
of prior antihypertensive treatment also were considered hypertensive. It was evaluated in
each person pressure level and urinary excretion of albumin and creatinine. Initially, the
patients were instructed about the study objectives (Term of Consent approved by the Ethics

and Human Research Center of Health Sciences (CCS - FUPE), 0355.0.172.000-08).

2.2. Ultrasound of the Abdomen

All patients underwent ultrasonography of the upper abdomen, with Siemens Acuson
X150 apparatus using a 3.5 MHz convex transducer and according to the Niamey protocol
(WHO, 1996) for classification of periportal fibrosis and confirm the diagnosis and clinical

form of Schistosomiasis.
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2.2. Evaluation of arterial pressure (AP)

For arterial pressure measurement was used a sphygmomanometer mercury column —
plus (Unitec ® RD121) and a stethoscope (Litmann ® Cardiology Il1). Three measurements
were performed during each medical visit which analysis was done based on the
Classification of SAP according to the recommendations of the VI Brazilian Guidelines on
Hypertension, 2010. The selected patients were submitted to following procedures: 1-
Measuring the circumference of the arm; 2- Selection of the proper cuff to the arm; 3- Placing
the cuff without leaving gaps above the cubital fossa, about 2 to 3 cm; 4- Centering the
middle of the compression cuff over the brachial artery; 5- Estimating the level of systolic
pressure (palpating the radial pulse and inflate the cuff until his disappearance quickly deflate
and wait 1 minute before measuring); 6- Palpate the brachial artery in the cubital fossa and
put the stethoscope; 7- Inflating rapidly to exceed 20 to 30 mmHg the estimated level of
systolic pressure; 8- Proceeding the deflation slowly (rate of 2 to 4 mmHg per second); 9-
Determining systolic pressure (SP) at auscultation of the first sound which should be faint
sound followed by regular beats, and, after, slightly increase the rate of deflation; 10-
Determining the diastolic pressure in the disappearance of sound; 11- Listening about 20 to 30
mmHg below the last sound to confirm his disappearance and then proceeding to complete
and rapid deflation; 12- If the beats persist until the zero level, determining the diastolic
pressure (DP) in the muffling of sounds and noting the values of systolic/diastolic/zero; 13-
Waiting 1-2 minutes before new measurements; 14- Informing the AP values obtained for the
patient.

The classification of AP according to the measure in casual office (> 18 years): great
SP (mmHg) <120 and DP (mmHg) < 80; normal SP (mmHg) <130 and DP (mmHg) < 85;

neighboring SP (mmHg) 130-139 and DP (mmHg) 85-89; stage 1 hypertension SP (mmHg)
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140-159 and DP (mmHg) 90-99; stage 2 hypertension SP (mmHg) 160-179 and DP (mmHQg)

100-109. (VI Brazilian Guidelines on Hypertension, 2010).

HERE TABLE 1

2.3. Analysis of urinary albumin and creatinine

Microalbuminuria was measured and confirmed on 3 samples (PO, P1 and P2) with an
interval of 6 months based on The American Diabetes Association (2002) which recommends
that the albumin should always be confirmed in at least two of three samples, with an interval
of 3 to 6 months.

Urine samples were collected in universal collection bottle delivered to patients at the
defined time intervals. The samples were stored in a freezer at -80 °C for a period of 6
months. For analysis, the samples were previously centrifuged at 15,000 rpm for 10 min,
followed by the quantitative determination of albumin and creatinine. The reading was
performed mixing albumin with Antiserum N reagent (Siemens, Germany), a liquid animal
serum obtained from the rabbits with highly purified human albumin, measured by the
technique of immunonephelometry (Nephelometer BN Il, Dade Behring, Germany).

The creatinine amount was measured by equipment for biochemistry (Dimension RXL
Max, Dade Behring, USA) using as reagent kit of creatinine (CREA Flex ® reagent cartridge,

Siemens, USA). The results were expressed as mean SD.

2.4. Renal glomerular filtration (RGF)

The renal function was dimensioned using the MDRD equation (Modification of Diet

in Renal Disease) as described by Levey (2003).
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MDRD = 186 x (serum creatinine)™*** x (age) *** x (0.742 if female) x (1.21 if African-American)

2.5. Statistical analysis

Descriptive statistics were performed using Prism 4 software for Windows to
obtaining values as mean = SD. The comparison of data was performed by Student T test,

with significance level of p <0.05.

3. Results

To determine whether there was any relation between increased arterial pressure,
microalbuminuria and changes in renal glomerular filtration, it was performed measurements
in the same periods PO, P1 and P2 at defined intervals of six months. Table 2 shows the
clinical characteristics of the 130 patients (SM group) and 40 health people used as C group.
In spite of the clinical characteristics, only significant difference in mean agis between the
men of the SM group and their respective control, as shown in Table 2, but did not interfere in

the results because it is in the age range from 18 up to 60 years.

TABLE 2 HERE

3.1 Urinary albumin / creatinine relation

Regard the 130 patients studied, 14.61% (11 men and 8 women) had microalbuminuria
(values between 30 and 300 mg/g creatinine) obtained from three laboratorial evaluations.
However, in the first assessment, only 7.7% of the SM group (7 men and 3 women) showed
microalbuminuria while 92.3% (61 men and 54 women) had normal levels. In the second
evaluation, 11.5% (10 men and 5 women) of the SH group showed microalbuminuria and

88.5% had normal values. At the end of the third evaluation, it was considered patients with
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microalbuminuria those whose value remained between 30 and 300 mg/g creatinine in at least
two evaluations. During this period, 111 from 130 patients studied, had values within the
normal range, i.e. levels < 30 mg/g creatinine of aloumin in urine.

In control group, only 5.0% (1 men and 1 women) showed microalbuminuria in the
three measurements. Fig. 1 presents the evolution of microalbuminuria in a period of 12
months being considered the relationship of the levels of urinary albumin and creatinine in It
was observed that the total of 19 patients with microalbuminuria, 79.0% of them (8 men and 7
women) had esququistossomose hepatosplenic HEH, and only 21.0% (3 men and 1 woman)
had schistosomiasis hepatointestinal (HIE). In comparative study of the test group,
microalbuminuria level was different and statistically significant in men from SM group
compared to the respective control (Fig. 1A). In the women there was also significant

difference compared to control and in the own group relation to PO and P2 samples (Fig. 1B).

FIGURE 1 HERE

3.2 Renal glomerular filtration (RGF)

The results of renal glomerular filtration (Fig. 2), calculated by MDRD equation,
showed that P1 were similar in both groups while in PO and P2 samples were different and
statistically significant as in the SM group men (6.42% lower than the C group) as SM group
women (5.2% less than the C group). When individually analyzed, the SM group men
showed PO value (5.0%) higher than P2 and to SM group women, the PO value was 5.5%

higher than P2,

FIGURE 2 HERE
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3.3 Arterial Pressure (AP) levels

The mean systolic (MSAP), diastolic (MDAP) and mean (MAP) arterial pressures
were observed in the SM group (130 patients) and C group (40 health people) during the same
period in which microalbuminuria was measured and calculated (6 and 12 months). In the SM
group men (71 patients), the MSAP values were similar to the control group, but for SM
group women (59 patients) these results were higher than respective C group in three periods
tested: P0=5,92%; P1=8,01% and P3=11,1%. The MDAP results presented significant
difference for P3 samples, 8.53% higher in SM group men and 9.84% SM group women
compared to their respective in C group. The MAP also showed significant difference in P3
samples: 5.94% higher in SM group men and 19.38% higher in SM group women (Fig. 3).

FIGURE 3 HERE.

4. Discussion

This study was designed to investigate microalbuminuria as a new non-invasive
marker for hepatosplenic (HEH) or hepatointestinal (HEI) schistosomiasis patients with
periportal fibrosis, and the correlation with renal glomerular filtration (RGF) and levels of
arterial pressure (AP).

The results found demonstrate that the albumin excretion (Fig. 1), renal glomerular
filtration (Fig. 2) and arterial pressure levels (Fig. 3) were increased compared to their
respective controls. The patients that showed microalbuminuria had their pressure levels
significantly increased which suggests that they are under the risk of later cardiovascular
events. However, it was observed that the patients with albumin level below 30 mg/g

creatinine (sub-estimated in clinical practice) also had increase of their AP (data not shown).
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Our results are similar to studies reported by (Arnlév et al., 2005) about non-
hypertensive and non-diabetic patients. The Framingham Heart Study concluded that low-
grade urinary albumin excretion was associated with increase of cardiovascular disease
(CVD) risk and mortality in non-hypertensive and non-diabetic patients. In the same study,
the increase of CVD risk was evident at levels well below the current diagnostic threshold for
microalbuminuria, although cardiovascular mortality risks were elevated in patients with low-
grade albuminuria, the increases were modest in terms of the absolute event rates.

The urinary albumin excretion increased is a condition that can lead to hypertension
(Forman et al., 2008) and chronic renal failure (Ruggenenti et al., 1998). Some studies have
demonstrated that increasing levels of urinary albumin excretion, even within the normal
range (< 30 mg/g creatinine), is associated with crescent risk of cardiovascular events for non-
diabetic patients, but it has been very high for individuals that have multiple cardiovascular
risk factors, such as those with left ventricular hypertrophy ( Wachtell et al., 2003; Gerstein et
al., 2001). Microalbuminuria is a predictor of future diabetic nephropathy (Kumar et al.,
2009).

The increased glomerular filtration that occurs in persons with early changes in renal
function is associated to albumin excretion between 30 and 300 mg/g creatinine during 24 h
(de Zeeuw et al., 2006). Generally, individuals with glomerulonephritis associated with
schistosomiasis are young adults (more often male) from endemic areas that have
hepatomegaly by physical examination and in the most cases, splenomegaly (Andrade and
Van Marck, 1984). Although, majority of patients are carriers of the hepatosplenic form of
schistosomiasis, renal involvement has also been observed in patients with the disease

hepatointestinal (Abensur et al., 1992; Sobh et al., 1988). In this way, clinical studies have, in
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this way found no correlation between the clinical forms of schistosomiasis and the degree of
renal involvement ( Sobh et al., 1989).

The clinical features presented by individuals who participated in this study were
similar to those presented by patients with at the early stages of schistosomal nephropathy or
nephrotic syndrome. At this stage, the patient is usually asymptomatic and with varying
degrees of renal impairment. Renal involvement can be determined by microscopic hematuria
and proteinuria, but hepatosplenomegaly, arterial hypertension and portal hypertension are
already presents (Nussenzveig, 2002).

The glomerulopathies associated with schistosomiasis exhibit a broad spectrum of
clinical manifestations that extend from an asymptomatic microalbuminuria to end-stage renal
disease. This range has led to a clinicopathologic classification known as "AFRAN," for the
African Association of Nephrology, which endorsed it in 1992. The results of this work can
be included in the Classes Il and IV that comprise the schistosomiasis cases that exhibit
proteinuria, usually within the nephrotic range, although subnephrotic proteinuria occurs in
10% to 20% of patients or in the most of patients with progressive disease (Barsoum, 1993;
Barsoum et al., 1996).

Also the results showed an increase of mean arterial pressure (MAP), considering
MSP and MDP, for schistosomiasis patients that presented microalbuminuria and change in
the glomerular filtration. This is in agreement to microalbuminuria problem that has a high
prevalence in patients with arterial hypertension and diabetes (de Zeeuw et al., 2006), which
has been associated to later development of cardiovascular diseases (Mogensen et al., 1986;
Yuyun et al., 2003). Reminding that one of the characteristic of these patients was high

oxidative stress of the vascular endothelium (Amann et al., 2006).

69



Although microalbuminuria has been considered an early marker of diabetic
nephropathy and associated with cardiovascular diseases, the results of this study allow us to
suggest its use as an non-invasive early marker of schistosomal glomerulopathy, considering
that both diabetic and schistosomal nephropathies shows glomerular proteinuria by different

pathophysiological mechanisms as described by (Mogensen et al., 1986; Glassock, 1987).

5. Conclusions

All the results obtained in this work confirmed that the occurrence of
microalbuminuria can be considered as a new non-invasive marker for patients carriers of the
hepatosplenic (HEH) or hepatointestinal (HEI) schistosomiasis with periportal fibrosis,

correlated with renal glomerular filtration (RGF) and levels of arterial pressure (AP).
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Figure 1. Relation of levels of urinary albumin and creatinine in patients infected with

Schistosoma mansoni followed-up for 12 months (PO= month zero; P1= 6 months; P2=

12 months). Albumin/creatinine urinary in men (A) and women (B). Cont: healthy patients

(Men: 17; Womens: 23); SM: patients infected with Schistosoma mansoni

(Men: 71;

Women: 59). Data are mean £ SEM. The differences during follow-up were evaluated by

ANOVA followed by Tukey test. The differences between experimental groups were

analyzed using the Student t test. *P<0,05 Vs. 6 months; and *P<0,05 Vs. Cont.
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Figure 2

A

130

GFR (mL/min)
MDRD

100-

[N
[
o

110+

PO

Men

P1
Time

P2

3 Cont
il sv

*®

Women
1301
~ T
£ .
£ A 1207
Jr
a0
=
X = 1101
V]
100 T T T
PO P1 P2
Time

3 Cont
il sv

Figure 2. Glomerular filtration rate in renal pacientes infected with Schistosoma

mansoni Followed by 12 months (PO= month zero; P1= 6 months; P2= 12 months).

Glomerular renal filtration (GFR) in men (A) and women (B) respectively. Cont: healthy

patients (Men: 17; Women: 23); SM: patients infected with Schistosoma mansoni (Men: 71;

Women: 59 Data are mean £ SEM. The differences during follow-up were evaluated by

ANOVA followed by Tukey test. The differences between experimental groups were

analyzed using the Student t test. *P<0,05 Vs. 6 months and *P<0,05 Vs. Cont.
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Figure 3
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Figure 3. Arterial pressure levels in patients infected with Schistosoma mansoni followed
for 12 months (PO= month zero; P1= 6 months; P2= 12 months). Systolic arterial pressure
(SAP), diastolic (DAP) and mean (MAP) in men (A, C e E, respectively) and women (B, D e
F). Cont: healthy patients (men: 17; women: 23); SM: patients infected with Schistosoma
mansoni (Men: 71; Women: 59). Data are mean £ SEM. The differences during follow-up
were evaluated by ANOVA followed by Tukey test. The differences between experimental
groups were analyzed using the Student t test. *P<0,05 Vs. 6 months; $P<0,05 Vs. 12 months;

and *P<0,05 Vs. Cont.
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Table list.

Table 1. Degrees of fibrosis in individuals infected with schistosoma mansoni

Degree Fibrosis N° patients %

Degree | - D 44 33,8
Degree | - E 72 55,4
Degree Il - F 14 10,8
Total 130 100

Degree I-D: Fibrosis of central; Degree I-E: Advanced fibrosis; Degree 1I-F: Very advanced
fibrosis.

Table 2. Clinical characteristics of study participants

Entire Man Woman
sample . .
infected control infected control
participants n 170 71 17 59 23
Men / women % 100 41,8 10 34,7 13,5
Age / years 18-60 18-60 23-48 19-60 28-60
middle Ages 42,8+11,7 48,8+10,9* 38,819 42+13,6 41,6+13,3
IMC 24,57+0,2913 24.80+0.4526 25.59+0.6366 23.88+0.4792 24.89+0.9657

IMC: Body mass index. The differences between experimental groups were analyzed using the Student
t test.*P<0,05 Vs. Cont.
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Capitulo 111 — Artigo submetido a submeter Revista Acta Trépica
Célculo da taxa de filtracdo glomerular renal em pacientes portadores de

esquistossomose mansénica com 0s biomarcadores creatinina e cisstatina C

78



Calculation of kidney glomerular filtration in patients carriers of mansonic

schistosomiasis with biomarkers creatinine and cystatin C
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Summary: The measure of the glomerular filtration rate (GFR) is the laboratorial test that is
most used for the evaluation of renal function of people with renal dysfunctions, as well as of
healthy individuals. Currently, the most accepted and most widely used biomarker is serum
creatinine, which has several limitations depending on specific characteristics of each person,
including age, sex, race, corporal mass and ingestion of proteins. It can also suffer tubular
secretion and can be augmented in patients with light and moderate distribution at a plasmatic
level, leading to an overestimation of the glomerular filtration rate. Recently, the use of serum
cystatin C has proven to be a superior biomarker to creatinine for the estimation of GFR. Its
synthesis occurs in a relatively constant manner, it does not suffer influence of variables such
as race and sex, it is not secreted by the renal tubules and it is not reabsorbed. Thus, levels of
cystatin C in the serum reflect the quantity of glomerular filtration. With all these
characteristics, can cystatin C be considered an efficient biomarker in the evaluation of the
glomerular filtration rate for patients with hepatosplenic and hepatointestinal schistosomiasis?
In this study, we evaluated GFR using the endogenous biomarkers serum creatinine and
serum cystatin C in patients with hepatosplenic and hepatointestinal schistosomiasis with
periportal fibrosis. We used as reference the equations most used in the evaluation of the
glomerular filtration rate, independent from the pathological process. These equations were
MDRD (Modification of Diet in Renal Disease) and kockroft-Gault, both from the
endogenous biomarker serum creatinine and the equation of Larson, used for the calculation
of the GFR, using the biomarker serum cystantin C. All the results found suggest that the
endogenous biomarker serum cystatin C was superior to serum creatinine in the evaluation of

renal function measured by GFR in the studied patients.

Key words: renal glomerular filtration, cystatin C, creatinine.
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I. Introduction

Kidney function is generally evaluated through the measurement of the glomerular
filtration rate (GFR), which can show the stage of the renal disease, independent of its cause
(Levey et al., 2003). Serum creatinine is the endogenous biomarker that is most widely
accepted as a parameter for the evaluation of GFR (Stevens and Levey, 2005). It is the final
product of cellular catabolism, with molecular weight of 13 kDa. It is secreted by the nearby
tubular cells, freely filtered by the glomerulus and it is not reabsorbed. It is influenced by
variables such as muscle mass, age, gender and protein ingestion. Moreover, tubular secretion
of creatinine can have individual variations and also variations among people, especially those
with a reduced GFR ( Vigil et al., 2014; Grams et al., 2013; Koenig et al., 2005; Orlando et
al., 2002).

The increase in serum creatinine concentration can lead to an overestimation of the
GFR in patients with light or moderate reduction in kidney function (Stevens and Levey,
2005). Serum creatinine is also insensitive to the detection of small reductions in kidney
glomerular filtration (KGF), due to the non-linear relation between the concentration in the
plasma and the real glomerular filtration (National Kidney Foundation, 2002; Filler et al.,
2005). Some authors consider its endogenous clearance little sensitive, as it does not enable
the detection of reductions in GFR lower than 50%, nor fast alterations in the kidney function
(Orlando et al., 2002). However, there are advantages in its use when evaluating GFR, as it is
relatively easy to handle and of low cost (Newman, 2002).

The serum creatinine measurement must be very precise and with minimum
probability of error, so that the impact on the total uncertainty of the estimated GFR remains
within clinically acceptable levels. The serum creatinine concentration corresponds to a GFR

above 60 mL/min/1.73 m? (National Kidney Foundation, 2002).
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The GFR in young adults is approximately 125 (+20) mL/min/1.73 m? (National
Kidney Foundation, 2002) and diminishes after age 40 at 10 mL/min/1.73 m? per decade, or 1
mL/year (table 1). In this regard, GFR values between 60-90 mL/min/1.73m? can be
considered normal. This reduction in kidney function is physiological in healthy people, but it
can be more pronounced in individuals with specific pathologies such as hypertension, for
instance. Values lower than 60 mL/min/1.73 m? are considered as reduced kidney function

(Manjunath et al., 2001).

TABLE 1 HERE

It is a consensus of the National Kidney Foundation (NKF) 2002, to indicate that the
isolated measurement of creatinine is not necessarily the best way to evaluate kidney function.
Instead or complimentarily, the use of equations that consider serum creatinine and other
variables, such as race, age, gender, and body muscle index (BMI) are recommended. The
more variables used the higher the chances for a more precise result.

Kidney function can be measured by using equations that estimate the GFR. One of
these equations is that of Cockroft-Gault, described for the first time in 1976, which is based
on the creatinine clearance (CrC) to estimate the GFR (Cockcroft and Gault, 1976). It can be
used with or without the correction by corporal surface, generally estimated as 1.73m?
(National Kidney Foundation, 2002). It can be described without the correction by corporal
surface:

CrC in mL/min= (140-age (years) x weight (Kg) x 0.85 (if a woman)
(72 x serum creatinine)

Or with the correction by corporal surface:

CrC in mL/min= (140-age (years) x weight (Kg) x 1.73m? x 0.85 (if a woman)
(72 x serum creatinine)
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The equation Modification of Diet in Renal Disease (MDRD) (Levey et al., 1999), is
also very much used to evaluate kidney function. At first, it was developed for individuals
with chronic kidney disease, not including healthy people. Later, it was modified and it started
to also be used for healthy people (Levey et al., 2003). The conclusion is that the MDRD
equation is more precise than the Cockcroft-Gault equation for people with GFR lower than
90 mL/min/1.73m? (Finney et al., 1997), however, both equations come from the GFR
measurement in adults. In this study, the equation MDRD was used with four variables to
calculate the GFR of patients with hepatosplenic or hepatointestinal schistosomiasis.

GFR (mL/min/1.73 m?) = 186 x (serum creatinine) **>* x (age)®?® x (0.742 if a woman), or
depending on race, in cases where the patient was black the equation used was:

GFR (mL/min/1.73 m?) = 186 x (serum creatinine)™*>* x (age) ®*®x (1.21 if black) (Levey et
al., 2003).
In healthy people, the MDRD equation can underestimate the GFR (Lin et al., 2003),

becoming unreliable in the determination of prevalence of chronic kidney disease (Rule et al.,
2004). However, the limitations of the MDRD equation provoked the proposal of a new
calculation to estimate GFR, using iohexol, dependent of cystatin C for people whose values
of serum creatinine are in a range of normality, but with kidney function varying from normal
to moderately reduced (Levey et al., 2003). Later, cystatin C started to be studied as a
biomarker to estimate GFR, becoming a possible future substitute of serum creatinine in the
evaluation of GFR estimates (Larsson et al., 2004).

The equation of Larson is described in the following manner:

GFR= 77.24*Cystatin C [mg/L] %%, (Rule et al., 2004).

Cystatin C is a basic non-glycosylated protein of 120 amino acids and a molecular
weight of 13 kDa, belonging to family two of the cystatins. It is produced at a constant rate by

all nuclear cells (Newman, 2002; Christensson et al., 2003; Myers et al., 2006). Its synthesis
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rate does not seem to be altered by the coexistence of inflammatory processes and it is
reasonably consistent. Its plasma level seems not to suffer variations because of extra renal
reasons, which characterizes it as an adequate marker of the glomerular filtration rate (Filler et
al., 2005; Myers et al., 2006). It is filtered by the glomeruli, followed by tubular reabsorption
and degradation, resulting in the excretion of a small quantity of urine. It is not secreted by the
kidney tubules and also it is not reabsolved back into the serum, therefore, its serum level
reflects the quantity of glomerular filtration (Levin, 2005).

Recently, a study demonstrated that cystatin C performed better than creatinine in the
evaluation of kidney function in transplanted patients, and that therefore it can be a potentially
more appropriate marker for estimating the GFR and detecting functional deterioration of the
kidney graft (Bargnoux et al., 2012).

Cystatin C has increasingly been more accepted in the world as an indirect marker of
the glomerular filtration rate (Filler et al., 2005; Van Biesen et al., 2006). It is a good marker
of kidney function and it correlates better with direct measurements of GFR, more precisely
of creatinine, since its serum concentration is independent from the muscle mass and does not
seem to be affected by variables such as age and gender (Dharnidharka et al., 2002; Macisaac
et al., 2011). Moreover, it is fairly stable in serum or plasma samples. Stability at room
temperature is of 7 days; at -20°C, from 1 to 2 months; and at -80 0 C, 6 months. It can be
maintained without separation of total blood for up to 24 hours without significant loss in its
concentration. Additionally, it resists various cycles of freezing/thawing (Myers et al., 2006;
Prates et al., 2007).

Currently, two immunological methods are used to measure serum Cystatin C, the

PETIA (particle-enhanced turbidimetric immunoassay) and PENIA (particle-enhanced
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ephelometric immunoassay) — both are simple, accurate, fast and require few serum samples
(Martins et al., 2003; Filler et al., 2005; Prates et al., 2007)

In this study, we used the PENIA method, in which the reference values have an
interval between 0.53 mg/L and 1.2 mg/L (Finney et al., 2000; Uhlmann et al., 2001).

There are many studies which discuss the GFR, whether in relation to the biomarkers
used (Myers et al., 2006; Van Biesen et al., 2006; Astor et al., 2009; Reese and Feldman,
2009; Bargnoux et al., 2012; Malheiro et al., 2012) or in pathological states which favor the
decline of kidney function (Séronie-Vivien et al., 2008; Villeval’de et al., 2010; Peralta et al.,
2011; Martinez-Martinez and Abud-Mendoza, 2012). With regards to the patients with
mansonic  schistosomiasis there are a number of publications referencing
glomerulopathologies associated to schistosomiasis (Nussenzveig, 2002; Barsoum, 2004;
Lambertucci et al., 2007; Rodrigues et al., 2010) but the approach respecting the GFR in these
patients is scarce in the literature.

In this context, the objective of this study was to evaluate the glomerular filtration rate
(GFR) in patients with mansonic schistosomiasis in the hepatosplenic and hepatointestinal
forms, with periportal fibrosis from degree I-D, using the endogenous biomarkers serum
cystatin C and serum creatinine. The equations used in the calculation of the GFR are the

MDRD, Cockroft-Gault and Larson.

2. Material and methods

The population studied was of patients with mansonic schistosomiasis with periportal
fibrosis, composed of a total of 162 persons. The sample calculation was carried out based on
50% (81 patients) of the patients, plus 30% (49) of the total of the sample, taking into

consideration the percentual of losses. The sample was constituted by 130 patients diagnosed
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with mansonic schistosomiasis (MS) in the hepatosplenic and hepatointestinal forms,
associated with periportal fibrosis from degree D. All were attended in the schistosomiasis
outpatient clinic of the Hospital das Clinicas of the Federal University of Pernambuco —
UFPE. The results were compared with 40 healthy persons of the control group (group C),
from the same social class. The serum creatinine and serum cystatin C were measured and
evaluated. Age, height and weight were also registered to enable the GFR evaluation from

these biomarkers.

2.1 Inclusion criteria

The inclusion criteria in this study were: age between 18 and 60 years, not having
carried out a splenectomy and not having arterial hypertension, diabetes or any other disease
which compromises kidney function. Patients with a history of previous anti-hypertensive
treatment were also considered hypertensive. In the beginning of the study, the patients were
informed about the objectives of the study (Consent statement approved by the Committee of
Ethics and Research with Human Beings of the Center of Health Sciences (CCS - UFPE),

0355.0.172.000-08).

2.2. Abdomen ultrasound

All patients carried out an ultrasound of the upper abdomen, with the device Siemens
Acuson X150, using convex transducer of 3.5 mHz, according to the protocol of Niamey
(WHO, 1996), to classify the periportal fibrosis and confirm the diagnosis and clinical form of

the mansonic schistosomiasis.

2.3 Evaluation of the height, weight, race and age
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During the clinical interview at the doctor’s office, the patient was weighed using a
mechanical anthropometric scale (Welmy, modelo 104-A), which was also used to measure
his/her height. During the procedure, we solicited the removal of accessories from the body.
The patient remained in the standing position and barefoot on the scale. To determine race the
study merely considered black or white since they were the only ones present in the study.

Age was confirmed through the registration of official identity documents (RG).

2.4 Analysis of serum creatinine

Blood samples (10 mL) were collected from patients in the laboratory, using the
aseptic technique in vials, which were later centrifuged for 10 min at 1.000 x g, separating the
serum, and then the quantitative determination of serum creatinine was carried out. The serum
creatinine reading was carried out through a biochemical analyzer (Dimension RxL Max,
Dade Behring, EUA) using a kit with reagent (CREA Flex® reagent cartridge, Siemens,

EUA).

2.5 Analysis of serum cystatin C

Serum cystatin C was measured at the same time as the serum creatinine, using the
same serum samples already processed. For the reading, a kit with reagent (N Latex Cystatin
C, Dade Behring, Deerfield, IL, EUA) was used, through the immunonephelometry technique

(Nephelometer BN 11, Dade Behring, Germany).

2.6 Statistical analysis
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The descriptive statistic was carried out using software Prism 4 of Windows. The
values were registered as average + EPM. To compare the data the student-t test was used, the

values of p < 0.05 being considered significant.

3. Results

To determine the GFR and the possible variations according to the biomarker used, the
samples of serum creatinine and serum cystatin C were processed and measured at the same
time. As the interval between each collection was of six months, the measurements were
carried out within this same period. The intervals were determined as PO (first measurement),
P1 (second measurement) and P2 (third measurement). Table 2 presents the clinical
characteristics of the 130 patients (group MS) and 40 healthy persons used as group C. All the

values are within the average used to carry out the GFR calculation.

TABLE 2 HERE

Among the patients studied, 61.5% (47 men and 33 women) had the hepatosplenic
form, and 38.5% (24 men and 26 women) had the hepatointestinal form. The results of this
study point to a reduction of kidney function of patients with schistosomiasis (n=130) in
comparison with the 40 healthy persons (n=40) who participated in the research study. This
was observed through the values obtained from the three equations (MDRD, Cockroft-Gault
and Larson) used to carry out the GFR calculation. In equation MDRD, a reduction in the
GFR was observed with a statistically significant variation of 6% in the PO, and of 6.4% in the
P2 in the MS group, compared with their respective controls (group C) in the male group. In

the female MS group, a statistically significant difference was also observed in the reduction
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of GFR in relation to the respective controls, with values of 5.1% in the PO and of 5.2% in the
P2. When using the Cockroft-Gault equation, a reduction in the GFR was also observed with
statistical difference in the male and female MS groups, in relation to their respective
controls. The values found were 5.5% in PO and 5.8% in P2 in the male MS group, and 6.3%
in PO and 8.3% in P2 in the female MS group. Finally, the Larson equation showed a GFR
reduction that was statistically significant for men and women infected by the parasite
Schistosoma mansoni, both in relation to their respective controls. The values found were of
6.7% for the PO period and 5.7% for P2 in the male MS group and of 5.2% in PO and 5.1% in
P2 in the female MS group.

After evaluating the performance of the three formulas, it was possible to observe that
the GFR values found from equations MDRD and Cockroft-Gault were similar, with
statistical differences in PO and P2 respectively. Regarding the equation of Larson, the GFR
values were also observed in PO and P2, however, it was possible to detect a more expressive

GFR reduction in the values. This data is shown in figure 1.

FIGURE 1 HERE

4. Discussion

The GFR is the best way to measure the capacity of the kidneys to depurate the blood.
Moreover, expressing the level of kidney function in a continuous scale allows the
development of educational programs that encourage patients and people with normal kidney
function to better care for their health (National Kidney Foundation, 2002).

The serum cystatin C level is an early predictor of progression for terminal kidney

disease in people with type 2 diabetes and albuminuria, as it detects small losses of kidney
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function that are not detected by serum creatinine(Filler et al., 2005; Stevens and Levey,
2005). The results of this study also suggest that serum cystatin C works better than creatinine
in the GFR evaluation of patients with schistosomiasis in the hepatosplenic and
hepatointestinal forms (figure 1). The study showed that the GFR of these patients was
reduced in a more accentuated manner when using serum cystatin C as a biomarker. When
using serum creatinine as a biomarker, a smaller reduction in the GFR was observed in the
same period.

Considering that the synthesis rate of serum cystatin C does not suffer alterations
through the coexistence of extra-kidney inflammatory processes, it being reasonably constant
(Myers et al, 2006), it is fair to suggest that the patients with hepatosplenic (HSS) and
hepatointestinal (HIS) schistosomiasis did not suffer any change in the kidney filtration
coefficient of serum cystatin C, which characterizes it as a biomarker that does not suffer
alterations (Filler et al., 2005). Therefore, it is possible to deduce that both forms of
schistosomiasis presented by the patients did not interfere in the serum cytatin C values
presented by the studied patients.

Regarding the performance of formulas MDRD and Cockroft-Gault, they had similar
results, showing concordance with the serum creatinine GFR, although the values were
relatively low when analyzing merely the male and female MS groups (figure 1). As the
creatinine biomarker was used in both equations, this piece of data may have been
overestimated by the limited performance of the MDRD equation, which suffers influence
from variables such as gender, age and race; and of the Cockroft-Gault equation, which
considers gender, age and weight.

Most studied patients were Black (data not shown) and the average weight was low

(table 2). These two variations (weight and race) are used in equation MDRD to evaluate
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kidney function and show that the value of serum creatinine is higher in black people than it is
in while people in one same GFR. The creatinine comes from muscle cells and its liberation in
the extracellular medium depends on the volume and distribution of the muscle mass and is
influenced by the weight (Heymsfield et al., 1983). This suggests that the GFR presented by
the patients of this study may have been overestimated regarding race and mainly weight

Regardless of this, the values of the glomerular filtration rate were elevated in the
performance of both equations. Another relevant piece of data is that creatinine suffers tubular
secretion, from the small reductions of kidney function, increasing with the accentuated
decline of kidney function (Stevens and Levey, 2005). Moreover, the endogenous clearance of
serum creatinine is difficult to detect, which complicates the identification of GFR reductions
of lower than 50%. This also occurs in cases of fast variations in kidney function (Finney et
al., 1997; Orlando et al., 2002).

The studied patients are carriers of hepatosplenic (HSS) and hepatointestinal (HIS)
schistosomiasis. This phase of the disease is characterized by degrees of fibrosis described as
central fibrosis (1-D), advanced fibrosis (I-E) and very advanced fibrosis, in the classification
of Niamey (Richter et al., 2001). In spite of the fact of being an extra-kidney disease, it is
possible that schistosomiasis was responsible for the increase in the concentration of serum
creatinine of patients, due to the inflammatory response developed during the acute phase of
the infection.

From 40 years of age onward, there may be a physiological loss in kidney function of
nearly 1 mL/year, National Kidney Foundation (2002). In this study, the average age of the
patients varied between 18 to 60 years, representing an average of 45.4 years of age. Despite
this, the results of this study did not show a significant reduction in patients’ kidney function

— even of those who were over 40 years of age.
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In the GFR evaluation using the cystatin C biomarker, the study observed that the
values were less than those of creatinine (figure 1E and 1F). This data was also shown in
other studies (Filler et al., 2005; Myers et al., 2006; Bargnoux et al., 2012) which used
cystatin C as a biomarker in patients with kidney dysfunction.

The results obtained in this study suggest that cystatin C offers more precise data for
the evaluation of kidney function in patients with mansonic schistosomaisis. It does suffers
alterations through extra-kidney inflammatory processes and it correlates better with direct
measurements of GFR. Its concentration is not influenced by muscle mass, as is creatinine. It
is also unaffected by variables such as age and gender (Dharnidharka et al., 2002). The
patients studied had advanced hepatic fibrosis, which may have influenced the reduction of
the GFR. In this advanced infectious profile of the patients, cystatin C presented a better

performance than serum creatinine in the measurement of GFR.

5. Conclusion

The results of this study point to Cystatin C as a more efficient endogenous biomarker
than creatinine in the GFR measurement of patients with HSS and HIS. Regarding the
performance of the equations used for the screening of early kidney injury, the Larson

equation was better than those of MDRD and Cockroft-Gault.
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Fig 1. Glomerular filtration renal in patients infected with Schistosoma mansoni in

period 12 months (PO= zero period, P1= period 6, P2= period 12).

Men (A, C, E

respectively) women (B, D e F). C: healthy patients (men: 17; women: 23); SM patients

infected with Schistosoma mansoni (men: 71; women: 59). Results presented mean + std.

Differences were evaluated by ANOVA followed by Tukey's test. Differences between

groups were analyzed using the Student t test. *P<0,05 Vs 6 period, *P<0,05 Vs Cont.
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Table lists

Table 1. GRF reference values (National Kidney Fundation (2003)

Age (men/women

mean GFR +/- std (mL/min/1,73m?

1 week 41+/-15
2-8 weeks 66 +/-25
8 weeks - 2 years 96 +/-22
2-12 age 133 +/-27
13-21 age (men) 140 +/-30
13-21 age (women) 126 +/-22
Under 12, the reference values are the same
Reference values for healthy adults are above 60 mL/min/1.73m2.
Over 40 years old there is a physiological reduction 1 mL/year
Table 2. Clinical characteristics study participants
sample men women
Total SM C SM C
Participante n 170 71 17 59 23
men / women % 100 41,8 10 34,7 13,5
midlle age 45,4 50,5 40,7 48,5 41,8
weight 57,3 66,7 40,5 58,3 63,8
height 1,61 1,64 1,65 1,56 1,60

SM — group infected with schistosoma mansoni. C — Control group.
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Summary

The morbidity triggered by schistosomiasis is influenced by the nature of the immunological
response induced by the parasite. In this sense, the relation between the disease and the
immunological response has been reported in different animal models. The systemic
inflammation is associated to the generation of reactive oxygen species (ROS) in the vascular
wall, and the immunological response has been associated to increased oxidative stress and
endothelial dysfunction that can lead to proteinuria. The excess of sodium is able to induce an
inflammatory response and increase the glomerular filtration, jeopardizing the oxygenation of
the Kkidney tissue. The kidney epithelial cells react in the presence of increased hypoxia,
hyperosmolarity, or intracellular dehydration with the increase of ROS production. In
endothelial dysfunction, the mechanisms that participate in the reduction of the vasodilatating
response include the reduction of nitric oxide production and the excess of oxidant, causing
various complications, among them increased arterial pressure. In this study, rats with 90 days
of age were infected with the Schistosoma mansoni parasite and submitted to a sodium
overload (saline solution at 1%), with the objective of evaluating the hepatic and kidney
oxidative stress, the occurrence of proteinuria and the elevation of the levels of systolic
arterial pressure. The animals of the control group did not receive sodium overload. The
results showed that the infected animals had increased oxidative stress, they had proteinuria
and an increase in average systolic arterial pressure. This happened more intensely in the
animals that received sodium overload, independently from the infection. The excessive
ingestion of water and the increased volume of urine were more evident in the animals treated
with sodium overload. These results point to the conclusion that excess sodium may trigger
alterations in homeostasis and induce inflammatory processes, or intensify those already

existent, aside from contributing to the increase of intraglomular hydrostatic pressure,
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endothelial dysfunction, occurrence of proteinuria, increased oxidative stress and the

elevation of arterial pressure.

Key Words: oxidative stress, proteinuria, arterial pressure, Schistosoma mansoni, endothelial
dysfunction, infection.

Introduction

The impact of schistosomiasis over the hepatic function has been studied using
specific approaches to determine the effect over enzymes and specific proteins derived from
the liver. These studies have demonstrated that schistosomiasis alters the expression of
enzymes involved in the cycle of the urea, glucose, energetic metabolism and other essential
metabolic processes (Mahmoud et al., 1987; Ahmed and Gad, 1996; Harvie et al., 2007). The
alterations have some similarities with other pathologies that are aggressive to the liver such
as hepatocarcinoma and hepatotoxicity, however, some changes can be exclusive of
schistosomiasis (Thome-Kromer et al., 2003; Fella et al., 2005).

Experimental studies suggest that in the genesis of glomerular disease, triggered by
mansonic schistosomiasis, there are important factors that are inter-related, such as the genetic
and racial, the severity and duration of the infestation, and the kidney collateral circulation —
that result from the level of hepatic involvement, the production of antigens by the adult
worm and the macrophage capacity of the liver. (Barsoum, 1993; Bina; Prata, 1985; Van
Marck, 1983).

Systemic inflammation is associated to an increase in the generation of reactive
oxygen species (ROS) in the vascular wall (Forstermann, 2008) and to the reduction of the

endothelial function. Endothelial dysfunction is characterized by a deviation of the actions of
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the endothelium, which reduce vasodilatation in the prothrombotic and pro-inflammatory
states. Inflammatory processes have been associated to the reduction of relaxation of the
endothelium, a process that is related to an alteration in the bioavailability of nitric oxide
(Kharbanda et al., 2002). Considerable evidence suggests that endothelial dysfunction and
inflammation have a relation with many forms of cardiovascular and kidney diseases,
including arterial hypertension and chronic kidney (Bolton et al., 2001; Monnink et al., 2002).
There is experimental evidence that shows that oxidative stress influences the pathogenesis of
hypertension (Kunsch and Medford, 1999).

The immunological response has been associated to increased oxidative stress and
endothelial dysfunction, which can lead to proteinuria (Kunsch and Medford, 1999). The
mechanisms that act in endothelial dysfunction include: the reduction of nitric oxide
production and excess of oxidant production (Deanfield et al., 2005).

Many studies have reported the increase in oxidative stress related to endothelial
dysfunction and the surge of pathological processes such as hypertension (Bucci et al., 2005;
Kovacs et al., 2006; Forstermann, 2008). Aside from kidney disease (Monnink et al., 2002;
Ascenzi and Fasano, 2010) an increase in vascular permeability occurs (Stuveling et al., 2004)
and consequently there is loss of protein through the glomerular barrier (Othman et al., 2008;
Salim et al., 2008). The increase in sodium ingestion is related to elevated endothelial
oxidative stress (Takenaka et al., 1992; Magalhaes et al., 2006). In relation to schistosomiasis,
there are scarce experimental studies in the literature that correlate it with these processes.

Due to this problem, this study was elaborated with the objective of evaluating the
excretion of urinary protein, the levels of systolic arterial pressure and the hepatic and kidney

oxidative stress in rats infected with the Schistosoma mansoni parasite.
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2. Material and methods

Wister rats were used in the study, all male aged 60 days, from the Laboratory of
Immunopathology Keizo Asami. The cercariae used in the infection of the animals were
obtained from infected Biomphalaria glabrata mollusks, supplied by the Department of
Tropical Medicine / UFPE. To evaluate the systolic arterial pressure (SAP), indirect
measuring was carried out by tail plethysmography (Vida IITC Science B60-7/16",
Instruments of Biological Sciences, Wills Woodland, EUA). The experimental procedure was
approved by the Ethics Committee of Animal Experimentation of the Federal University of

Pernambuco (n° 23076.012872/2008-99), and carried out according to its own rules.

2.1 Animals

The animals were placed in cages and submitted to a cycle of 12 hours of light-dark,
with free access to water and standard ration Labina, and were distributed randomly in
experimental groups. Four groups were designated: a) control with water (C), b) Schistosoma
with water (Sh), ¢) control with saline (CS), and d) Schistosoma with saline (ShS). In all, 32
animals distributed in four groups of eight were studied. Groups Sh and ShS were infected
with the Schistosoma mansoni parasite at 60 days of age. From there, groups CS and ShS
were submitted to a sodium overload of 0.17 M (saline 1%), substituted potable water, for 60
days. In the same period, groups C and Sh received potable water. After 150 days of age, the
animals were anesthetized with pentobarbital sodium (60 mg/kg, intra peritoneal) and
submitted to abdominal incision to remove the liver and kidney, to evaluate the oxidative
stress. The spleen was also removed to evaluate the weight, together with the liver and the

kidney (data not shown).

2.2 Infection of the Animals
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The animals were anesthetized with pentobarbital sodium (60 mg/kg, intra peritoneal).
Immediately after, an incision in the skin was carried out in the abdominal region and a
metallic ring was installed, in which a volume of water of 4 mL was pipetted containing 2,000
cercariae of Schistosoma mansoni. The control group was submitted to the same procedure
without cercariae. After 20 minutes, one sample of the material of the ring was aspirated to
count the number of cercarae. The number of cercariae aspirated was less than 5% of the
initial quantity in conformity with the original method. After this, the ring was removed and

the suture of the incision proceeded (Cétre et al., 1999; Moreels et al., 2004).

2.3 Evaluation of the arterial pressure

The systolic arterial pressure (SAP) was determined in mmHg, in the conscious
animals at 90, 120 and 150 days of age, using the non-invasive method of tail
plethysmography (Life IITC Science B60-7/16 ", Instruments of Biological Sciences, Wills
Woodland, USA). Initially, the animals were contained and trained in a contention chamber
for 3 days before each evaluation, at a temperature of 35 + 2°C for a period of 5 minutes, so
that they could adapt to the experimental procedures. Five consecutive readings were obtained
and the individual SAP measurement was obtained considering the average of the readings

(Malkoff, 2005; Ibrahim et al., 2006; Machado et al., 2010).

2.4 Proteinuria measurement (albuminuria)
The animals were placed in individual metabolic cages and the urine was collected in
bottles, attached to the bottom of each cage for 24 h — at 90, 120 and 150 days of age. The

urinary proteins excretion was measured by precipitation with 3% sulfosalicylic acid (Bradley
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et al. 1979). The turbidity was then determined by measuring the absorbance at a wave length

of 600 nm (spectrophotometer UV-VIS RS 0223, Labomed, Culver City, CA, USA).

2.5 Evaluation of oxidative stress

The oxidative stress was evaluated through the levels of TBARS (thiobarbituric acid)
according to the method of Aust & Buege (1978). Each kidney and the samples of hepatic
tissue were macerated in KCI (1.15%), at a proportion of 10 mL/1g for 15 min in an ice bath
and, immediately after, transferred into vials. After, 2mL of the reagents, thiobarbituric acid at
0.375% (Sigma) and trichloroacetic acid at 15% (Vetec Quimica Fina Ltda., Rio de Janeiro,
RJ, Brazil), were added to each milliliter of kidney and hepatic homogenate. Vials in
duplicate for each reaction were sealed and heated in water (water bath) at a temperature of
100°C for 15 min. After heating, the mixture was centrifuged for 10 min., and immediately
after the supernatant was separated and the absorbance was measured at 535 nm (Buege and

Aust, 1978; Magalhées et al., 2006).

3. Statistical analysis

The descriptive statistic was carried out by using the software Prism 4 from Windows.
The values were registered as MEAN = SEM. The differences among the groups were
analyzed by ANOVA, followed by Student-Newman-Keuls, with multiple comparison tests.

The differences were considered significant in P <0.05.

4. Results

The animals infected with Schistosoma mansoni had a reduction in creatinine

clearance, increase of urinary volume, elevation of pressure levels, proteinuria, and an
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increase of oxidative stress. All these events were more intense in animals that received saline

solution at 1%.

4.1 Creatinine clearance

The animals that received a sodium overload had an increase in creatinine clearance,
with a statistically significant difference in groups CS and ShS (figure 1A), in relation to their
respective controls. At 90 and 120 days of age, no difference was observed in the infected
groups and their controls; but at 150 days of age, the difference in the creatinine clearance
was statistically significant in groups CS and ShS, in relation to their respective controls.
There was also a significant difference of this same group in relation to those of 90 and 120

days of age.

FIGURE 1 HERE

4.2 Evaluation of proteinuria (albumina)

Proteinuria occurred in the four groups of animals studied, at 120 and 150 days of age
(figure 1B), with statistical difference in relation to age of 90 days. In groups Sh and ShS,
proteinuria was more intense and with significant difference in groups CS and ShS, in relation
to their controls at 120 and 150 days of age. In group ShS, a significant difference was
observed in relation to the animals of groups C and Sh, at 120 and 150 days of age. Finally,
there was proteinuria with significant difference also in groups Sh, CS and ShS, in relation to

those of 120 days of age.

4.3 Hepatic and kidney oxidative stress
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The oxidative stress was evaluated through lipid peroxidation and estimated through
substances reactive to thiobarbituric acid (TBARS), and expressed in nmol of
malondialdehyde/g of kidney tissue (Figure 2 A) and of hepatic tissue (Figure 2B). In both,
the oxidative stress increased, however, in the kidney tissue the difference was statistically
significant in groups CS and ShS, in relation to their respective controls. In the hepatic tissue,

the difference was significant in group CS in relation to its control.

FIGURE 2 HERE

4.4 Evaluation of systolic arterial pressure (SAP)

The data presented in figure 3 shows the evolution of the systolic arterial pressure in
the three periods in which it was measured. The results are an average of five verifications
with intervals of 5 minutes between them. There was an increase in the levels of systolic
arterial pressure with statistically significant difference at 90, 120 and 150 days of age, in

groups CS and ChS, in relation to their respective controls.

FIGURE 3 HERE

4.5 Evaluation of urinary excretion

The urinary excretion of animals was evaluated in mL/100 g of body weight for 24 h
at 90, 120 and 150 days of age (Figure 4). The groups treated with saline solution at 1% had
the urinary volume increased, which was expected due to the overload of Na®. In the control
animals, the urinary volume was inferior, but with an increase in the last two periods in which

it was measured. There was an increase in the excretion of protein with significant difference
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at 120 and 150 days of age, in relation to that of 90 days in all groups. In groups CS and ChS,
there was a significant difference at 120 and 150 days of age, in relation to their controls and
in relation to the rats that were not infected. At 150 days of age there was excretion of
proteins with significant difference among groups C, CS and ShS, in relation to the animals at

120 days of age.

FIGURE 4 HERE

5. Discussion

The results of this study show that the animals infected by the Schistosoma mansoni
parasite presented proteinuria, increase in pressure levels and oxidative stress in relation to
their respective controls. In animals that received a sodium overload this process was more
intense. The creatinine clearance, which measures the estimate of the glomerular filtration
rate, was reduced at 150 days of age.

Despite the fact that creatinine is an endogenous biomarker that is widely used to
evaluate kidney function, it should not be considered the only parameter in kidney function
evaluations because its values can vary depending on some specific factors, such as: diet, age,
size of muscle mass and the existence of extra-kidney inflammatory processes (Koenig et al.,
2005; Bagshaw and Gibney, 2008).

The animals evaluated were infected with the Schistosoma mansoni parasite,
triggering an inflammatory reaction, which possibly contributed to an increase in the
creatinine tubular secretion. This is a common event in cases of infection (Bagshaw and
Gibney, 2008). However, a rat is a semi-permissive animal and particularly in the infection by

shistosoma mansoni, it eliminates the adult worm after four weeks of infection and develops
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an immunological response able to prevent reinfection (Cétre et al., 1999). The resistance
developed by the rat can reduce the possibilities of a more accentuated infections process, and
also induce an increase of creatinine secretion by the kidney tubules.

A relevant piece of data is that creatinine clearance suffered alteration only at 150 days
of age or 90 days after they were infected — there not being any alterations in the two prior
periods in which it was measured — exactly in the most acute phase of the infections process.
This suggests that the creatinine values cleansed by the kidney were not necessarily
influenced only by the infection of schistosoma mansoni, since creatinine is also influenced
by age (Eisner et al., 2010; Tonomura et al., 2013), as has already been reported. In humans, a
physiological reduction occurs, of nearly 1mL/year after 40 years of age (National Kidney
Foundation, 2002). Several authors have reported in experimental studies in rats, that there is
a correspondence of 30 days of life of a human for each day of life of a rat (Klee et al., 1990;
landoli Janior et al., 2000; Quinn, 2005; Andreollo et al., 2012).

In relation to oxidative stress and the alterations of arterial pressure, the animals that
received sodium overload clearly had an elevation in pressure levels (figure 3) and an increase
of hepatic and kidney oxidative stress (Figures 2 A and 2 B), aside from also having more
intense excretion of protein (Figure 1 B). On the other hand, the animals in the control groups,
treated with potable water, had their kidney functions preserved.

The elevated oxidative stress and the proteinuria presented in the animals infected with
Schistosoma mansoni, suggest that chronic inflammatory processes, as in the case of
schistosomiasis, can influence the early increase of pressure levels, as was observed in the
animals used in the experiments This process becomes even more accelerated when an extra

quantity of sodium is added to the diet.
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The mechanisms involved in kidney disease resulting from alterations in the
homeostasis of sodium occur in hemodynamic terms, such as the elevation of intraglomerular
hydrostatic pressure (Takenaka et al., 1992), and non-hemodynamic terms, such as the
development of inflammatory processes and the elevation of oxidative stress (Lenda et al.,
2000; Kitiyakara et al., 2003; Magalhaes et al., 2006). The physiopathological mechanism that
can explain the loss of proteins by the animals in this study, through the urine, is grounded in
a systemic inflammatory process triggered by Schistosoma mansoni — which could lead to an
endothelial dysfunction and a consequent increase of the capillary permeability, allowing the
leaking of albumin through the glomular membrane (Stuveling et al., 2004; Yuyun et al.,
2005; Gray et al., 2010). Moreover, the sodium overload certainly contributed to the elevation
of arterial pressure of the animals, as is evident when comparing these animals to those which
ingested potable water.

Studies have reported that kidneys of normal rats, when submitted to sodium overload,
present early inflammation. A prevailing explanation that explains how the sodium is able to
develop the inflammatory response is that the increase of the glomerular filtration rate can
harm the oxidation of the kidney tissue, favoring the development of tubulointerstitial
inflammation (Roson et al., 2006). The kidney epithelial cells react in the presence of
increased hypoxia, hyperosmolarity, or intracellular dehydration with increased production of
reactive oxygen species (ROS). Kidney hypoxia causes an increase of adhesion molecules
including cytokines and chemokines, the infiltration of leukocytes, and it elevates the
production of reactive oxygen species (ROS) (Sward et al., 2005; Rosén et al., 2006).

The kidney has an extraordinary capacity to adapt to the arterial pressure variations,
and to maintain the cleansing in a constant progression. The arterial pressure suffers constant

variation. This demands a dynamic adaptation from the kidney to maintain self-regulation of
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the blood flow, as well as the intraglomerular pressure, inducing natriurisis. This kidney
response to the arterial pressure variations represents an adaptation to hypertension (Takenaka

etal., 1992; Guyton, 2006).

Conclusion

The results of this study showed that the animals infected with Schistosoma mansoni,
present proteinuria and had their pressure levels and oxidative stress increased. It was evident

that this process was more intense in animals that were treated with saline solution at 1%.
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Figure 1. Creatinine clearance of (A) and excretion of urinary protein (B) of rates infected
with Schistosoma mansoni and their respective controls: at 90, 120 and 150 days of age.
The groups were the following: Control with water (C), rats not infected with Schistosoma
mansoni treated with potable water; Shistosoma with water (Sh), rats infected with
Schistosoma mansoni treated with potable water; Control with saline (CS), rats not infected
with Schistosoma mansoni treated with saline solution at 1%; and ShS, rats infected with
Schistosoma mansoni treated with saline solution at 1%. BW = body weight. The data is
expressed in average + SEM. P <0.05: 1Vs. rats at 90 days of age; {Vs. rats at 120 days of

age; *Vs. rats not infected; ®Vs. rats treated with potable water.
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Figure 2. Oxidative stress through tissue lipid peroxidation of rats infected with Schistosoma
mansoni and their respective controls. The lipid peroxidation was estimated through
reactive substances to thiobarbituric acid (TBARS), with measures in kidney (A) and
hepatic (B) levels, in rats at 150 days of age. The groups were the following: Control with
water (C), rats not infected with Schistosoma mansoni treated with potable water;
Shistosoma with water (Sh), rats infected with Schistosoma mansoni treated with potable
water; Control with saline (CS), rats not infected with Schistosoma mansoni treated with
saline solution at 1%; and ShS, rats infected with Schistosoma mansoni treated with
saline solution at 1%. MDA= malondialdehyde. The data is expressed in average + SEM.

P <0.05: *Vs. rats treated with potable water.

118



Figure 3
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Figure 3. The systolic arterial pressure (SAP) of rats infected with Schistosoma mansoni and
their respective controls. The systolic arterial pressure was measured by plethysmography
with the conscious animals at 90, 120 and 150 days of age. The groups were the
following: Control with water (C), rats not infected with Schistosoma mansoni treated
with potable water; Shistosoma with water (Sh), rats infected with Schistosoma mansoni
treated with potable water; Control with saline (CS), rats not infected with Schistosoma
mansoni treated with saline solution at 1%; and ShS, rats infected with Schistosoma
mansoni treated with saline solution at 1%. The data is expressed in average + SEM. P

<0.05: *Vs. rats treated with potable water.
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Figure 4. Urinary excretion of rats infected with Schistosoma mansoni and their respective
controls at 90, 120 and 150 days of age. The groups were the following: Control with
water (C), rats not infected with Schistosoma mansoni treated with potable water;
Shistosoma with water (Sh), rats infected with Schistosoma mansoni treated with potable
water; Control with saline (CS), rats not infected with Schistosoma mansoni treated with
saline solution at 1%; and ShS, rats infected with Schistosoma mansoni treated with
saline solution at 1%. BW: body weight. The data is expressed in average + SEM. P
<0.05: *Vs. rats at 90 days of age, Vs. rats at 120 days of age; ®Vs. rats treated with

potable water.
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Concluséao

Os resultados obtidos nos experimentos realizados neste estudo permitiram identificar
uma correlacdo entre microalbumindria e elevacdo dos niveis pressoricos nos pacientes
portadores das formas hepatoesplénica e hepatointestinal da esquistossomose. O nimero de
pacientes que apresentou microalbumindria foi de 14,61 % da amostra. Este nimero €
significativo se levar em conta o periodo do estudo que foi de 1 ano. O que sugere a sua
utilizacdo como um biomarcador endogeno tanto para avaliacdo da fungdo renal, como
preditor precoce de hipertensdo arterial. Porém, mais estudos sdo necessarios para reafirmar
esta hipdtese. Em relacdo aos biomarcadores, foi evidente o0 melhor desempenho da cistatina
C sérica em relacdo a creatinina sérica, demonstrando uma reducdo mais acentuada da taxa de
filtracdo glomerular. Estes dados reafirmam a sua importancia enquanto biomarcador
enddgeno mais preciso na avaliagdo da funcéo renal.

O elevado estresse oxidativo e a proteinuria apresentada pelos animais infectados com
Schistosoma mansoni, sugerem que processos inflamatérios crénicos como no caso o da
esquistossomose, podem influenciar no aumento precoce dos niveis pressoricos, observado
nos animais utilizados nos experimentos. Este processo se torna ainda mais acelerado quando
¢ adicionada uma quantidade extra de sodio na dieta. Estes resultados sdo promissores, mas é
necessario o desenvolvimento de novos estudos que reafirmem os dados obtidos nesta
pesquisa e algumas hipéteses levantadas como por exemplo a substituicdo da creatinina sérica
pela cistatina na avaliacdo da funcdo renal. Outra hipdtese levantada nesta pesquisa € a de que
a resposta inflamatoria desenvolvida durante a infeccdo pelo Shistosoma mansoni pode
predispor ao desenvolvimento de microalbumindria e consequentemente, aumentar 0s riscos

de desenvolvimento de doenca cardiovascular e renal.
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ORIENTACOES PARA O TERMO DE CONSENTIMENTO LIVRE E
ESCLARECIDO

Prezado Senhor:

Eu, Milton Cezar Compagnon, aluno da pos-graduacdo em nivel doutorado - UFPE,
estou desenvolvendo uma pesquisa intitulada: “Investigacdo de Microalbuminiria como
Preditivo de doenga cardiovascular e renal em Pacientes e em um Modelo Experimental
Esquistossométicos”. A metodologia que serd utilizada nesta pesquisa consiste na
investigacdo de microalbumindria, da filtracdo glomerular e dos niveis pressoricos. Sera
realizada em pacientes que séo atendidos no Ambulatorio de Esquistossomose do Hospital das
Clinicas — UFPE. Apos confirmacdo do diagndstico de esquistossomose mansdnica com
fibrose periportal, amostras de sangue e da urina serdo obtidas de 160 pacientes. A coleta da
urina serd realizada da seguinte forma: sera entregue um frasco coletor de urina estéril para o
paciente quando este comparecer ao ambulatorio de esquistossomose durante as visitas
periddicas. O paciente sera orientado a realizar retencdo de urina por duas horas antes da
coleta. A seguir, o paciente serd conduzido a um ambiente fechado e discreto para a coleta de
urina. A avaliacdo da presséo arterial sera realizada no ambulatério no decorrer da consulta
médica. Serdo realizadas duas mensuracGes com intervalos de 2 minutos entre as medidas.
Apds a consulta médica, o paciente sera encaminhado ao laboratério do hospital de clinicas da
UFPE para a coleta de sangue, a qual ocorrera através de uma puncao venosa para retirada de
10 ml de sangue. Em seguida o paciente sera liberado. Tendo em vista o carater asseptico das
coletas da urina e sangue, estes procedimentos ndo oferecem riscos de contaminacdo para o
paciente.

Considerando a necessidade de realizacdo do sumario de urina, 0s pacientes que
apresentarem hematuria e proteinuria, indicadores de nefropatia esquistossomética, serdo
encaminhados ao ambulatério de Nefrologia, 0 que constitui um beneficio direto para o
individuo.

O projeto teve aprovacdo pelo Comité de Etica e Pesquisa em Seres Humanos do
CCS-Universidade Federal de Pernambuco (UFPE) e tem como responsaveg o Prof. Dr. José
Luiz de Lima Filho Diretor do Laboratério de Imunopatologia Keizo Asami (LIKA)/UFPE e
Ana Lucia Coutinho Domingues — Ambulatério de Esquistossomose, HC/UFPE e esta de
acordo com a Lei 196/1996 que regulamenta a pesquisa com seres humanos.

Sua participacdo é de fundamental importancia para a realizacdo do projeto. Desta forma,
solicito que leia as orientagOes a seguir concordando ou ndo em participar desta pesquisa (Em
2 vias por participante-voluntario(a) da pesquisa e pelo responsavel, resolugdo n° 196/96- 1V,
do CNS).
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Fui convidado(a) a participar como voluntario(a) do estudo sobre excrecdo de uma proteina na
urina na esquistossomose para calcular a possibilidade de ter hipertensao arterial e recebi da
responsavel pela parte clinica, Dra. Ana Lucia Coutinho Domingues, as informacgdes que me
fizeram entender sem dificuldades e sem deixar davidas que os BENEFICIOS consistem em:

1) Melhorar os cuidados para prevenir a hipertensao arterial;

2) Pesquisar a possibilidade de ter hipertensdo arterial;

3) Analisar funcdo renal, através da concentracdo de creatinina e cistatina na urina e no
sangue, e também através da concentracdo de albumina na urina;

4) Saber e poder prevenir a hipertenséo arterial e compreender melhor as alteragdes de
minha esquistossomose.

Os RISCOS consistem em:

1) Apos a coleta de sangue com material descartavel, pode aparecer uma mancha roxa no

local da puncéo por um extravasamento do sangue que serd absorvido, sem outros danos a

minha saude fisica e mental;
Ademais, estou consciente de que:

1) Esse estudo comecara em julho de 2009 e terminara em julho de 2012;

2) Em algumas visitas ao ambulatdrio serei solicitado para realizar coleta de urina;

3) Contarei com a assisténcia da Dra Ana Lucia Coutinho Domingues, FONE: 3271-
8534 e 3454-3524;

4) Sempre gue eu desejar, serdo fornecidos esclarecimentos sobre cada uma das etapas do
estudo;

5) Poderei, a qualquer momento, recusar a continuar participando do estudo e, também,
poderei retirar meu consentimento, sem que isso me traga qualquer prejuizo ou
penalidade;

6) As informacBes conseguidas através de minha participacdo ndo permitirdo
identificacdo da minha pessoa, exceto aos responsaveis pelo estudo e a divulgacdo das
mencionadas informaces so serd feita entre os profissionais estudiosos do assunto.

ENDERECO DO(A) PARTICIPANTE-VOLUNTARIO(A):

Domicilio
Bloco: Complemento: Bairro:
CEP: Cidade: Estado(UF): Fone:

Endereco do(s) responsavel(is) pela pesquisa:

Instituicdo: HOSPITAL DAS CLINICAS - UFPE

Endereco: AV. PROF. MORAIS REGO S/N, CDU, BLOCO F, 3° ANDAR

Telefone para contato: 2126-3725/2126-3524/2126-8534

ATENCAO: Para informar ocorréncias irregulares/ danosas, dirija-se a0 Comité de Etica em
Pesquisa da UFPE, Centro de Ciéncias da Saude, 3° andar, UFPE — CDU — RECIFE — PE.

Fone: 2126-8538.
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Eu apos ter lido as orientacbes
contidas neste termo de consentimento livre esclarecido, declaro ter compreendido
perfeitamente tudo o que me foi informado sobre minha participagdo no mencionado estudo e
estando consciente dos meus direitos, das minhas responsabilidades, dos beneficios que a
minha participagdo implicam para mim e para outros esquistossomoticos, concordo em
participar e DOU MEU CONSENTIMENTO SEM QUE PARA ISSO EU TENHA SIDO
FORCADO OU OBRIGADO.

Assinatura ou impresséao datiloscopica do(a) voluntério(a) ou responsavel legal

Assinatura do responsavel pelo estudo(rubricar nas demais paginas)
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Imagem 1. Acondicionamento na caixa de contencgéo

Pletismografia de cauda

Imagem 2. Armazenamento de tecido de animais

Armazenamento de rim, figado e baco em solucdo metacarn (acido acético
glacial, cloroférmio e metanol) e alcool para estudos complementares
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