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RESUMO

O figado é o centro executor metabdlico mais importante do organismo, e, por esta
razao, € alvo de uma miriade de agentes téxicos, infecciosos ou ndo. Com isso, tanto
disturbios metabdlicos externos ao érgéo tém potencial para afetar o funcionamento
do figado, quanto injuria hepatica pode afetar o metabolismo geral do organismo.
Entretanto a forma como acontece esta interacdo de duas vias entre figado é o resto
do organismo nao esta clara sob diversos aspectos. A esquistossomose mansoénica é
uma doenca infecto-parasitaria crénica cujos efeitos mais graves tém génese na injaria
hepatica, principalmente na fase hepatoesplénica. No entanto, sabe-se muito pouco
sobre suas repercussdes metabdlicas. Do outro lado deste cenario, diversos disturbios
metabolicos crénicos, em boa parte relacionados ao equilibrio energético do
organismo, contribuem para o surgimento de doenca hepatica, das quais a mais
prevalente € a Doenca Hepatica Gordurosa N&ao Alcodlica. Sendo assim, o objetivo
deste trabalho foi avaliar as repercussdes metabodlicas dos distlrbios hepéticos
causados por esquistossomose mansoénica hepatoesplénica e pela doenca hepatica
gordurosa néo alcodlica. Para tanto, duas linhas de a¢éo foram utilizadas. A primeira
baseou-se na investigacao da influéncia do polimorfismo da apolipoproteina E sobre
0 metabolismo lipidico/ lipoproteico e pela investigacéo da resisténcia a insulina e sua
relacdo com os disturbios nos lipidios plasmaticos de sujeitos com esquistossomose
hepatoesplénica. Pacientes tiveram os gendtipos da apolipoproteina E identificados e
lipidios plasmaticos medidos. Foi observado que o referido polimorfismo poderia
influenciar no metabolismo lipidico e que as modificacdes causadas pelos alelos €2 e
€4 sdo contundentes, porém suprimidas na avaliacao geral da populacéo devido a alta
frequéncia do alelo €3. Outro coorte de pacientes com esquistossomose mansoénica
hepatoesplénica teve insulina, glicose e lipideos plasméaticos quantificados e o
resultados demonstraram que, nestes sujeitos, ha evidente desregulacao na acéo da
insulina, pela hiperinsulinemia observada. Interessantemente, distarbios no
metabolismo geralmente associados com o quadro de resisténcia a insulina nao foram
observados. A segunda linha de acao utilizou diferentes dietas hiperlipidicas, ricas em
acidos graxos, colesterol e/ou sacarose, em camundongos para investigar a interacao
entre obesidade, resisténcia a insulina e inflamacdo, e o desenvolvimento e
progressdo da doenca hepdatica gordurosa ndo alcodlica. Foram utilizadas medicdes
antropométricas, quantificacdo de lipideos, glicose e insulina plasmaticos, teste de
tolerancia a glicose, histologia de figado e tecido adiposo e andlise da expressao de
diversos genes relacionados a inflamacéo e metabolismo de figado e tecido adiposo
de forma a obter um panorama das interacfes metabdlicas e da maneira como 0s
diferentes compostos poderiam influenciar nestes processos. Foi observado que a
dieta rica em acidos graxos causou maior desregulacdo do tecido adiposo e
resisténcia a insulina, enquanto que a dieta rica em sacarose induziu maior inflamacéo
hepéatica e a dieta rica em colesterol provocou fibrose no figado, mas sem o mesmo
grau de inflamacdo. Nas diferentes abordagens foi possivel observar que o
comprometimento do funcionamento hepatico esteve relacionado com a desregulacéo
do metabolismo energético, pela observacao de modificacdes no metabolismo lipidico
e resisténcia a insulina. No caso especifico do estudo com modelo animal, foi possivel
observar, adicionalmente, que efeitos especificos podem ser gerados em decorréncia
da utilizacdo de moléculas diferentes.

Palavras-chave: Esquistossomose mansonica hepatoesplénica. Doenca hepatica
gordurosa néo alcoolica. Resisténcia a Insulina. Obesidade. Metabolismolipidico.



ABSTRACT

Liver is the most important metabolic executor center of the body, and, therefore, is the
target of a myriad of toxic agents, infectious or not. In this scenario, the metabolic
disorders outside of this organ have the potential to affect liver function. Similarly, but
through the other way, liver injury can affect general metabolism of the organism.
However, it is not clear in many aspects how this two-way interaction between liver is
the rest of the body happens. Schistosomiasis mansoni is an infectious parasitic
disease whose most serious chronic effects are generated by liver injury, especially in
the hepatosplenic phase. Nevertheless, we know very little about its metabolic
consequences. On the other side of this scenario, several chronic metabolic disorders,
largely related to the energy balance of the body, contribute to the emergence of liver
disease, of which the most prevalent is the non-alcoholic fatty liver disease. Thus, the
aim of this study was to investigate the metabolic effects of chronic liver disorders
caused by hepatosplenic mansonic schistosomiasis and for non-alcoholic fatty liver
disease. For this, two lines of action were used. The first was based on the investigation
of the influence of apolipoprotein E on lipid/lipoprotein metabolism and research of
insulin resistance and its relation to the disturbances in plasma lipids of subjects with
chronic hepatosplenic schistosomiasis. Patients had the apolipoprotein E genotypes
identified and plasma lipid levels measured. It was observed that the referred
polymorphism could influence lipid metabolism and that significant changes are caused
by €2 and €4 alleles, but suppressed in the overall assessment of the population due
to the high frequency of €3 allele. Another cohort of patients with hepatosplenic
mansonic schistosomiasis had insulin, glucose and lipid plasma levels quantified. The
results showed that, in these subjects, there are obvious disruption in insulin action, by
the observed hyperinsulinemia. Interestingly, metabolism disorders commonly
associated with insulin resistance were not observed. The second line of action
employed different hyperlipidemic diets, which were rich in fatty acids, cholesterol and
/ or sucrose, in mice to investigate the interaction between obesity, insulin resistance
and inflammation and the development and progression of non- alcoholic fatty liver
disease. Anthropometric measurements, quantification of lipids, glucose and insulin
plasma levels, glucose tolerance test, histology of liver and adipose tissue, and analysis
of the expression of various genes related to inflammation and metabolism on liver and
adipose tissue were done in order to obtain an overview of the metabolic interactions
and how the different compounds could influence these processes. It was observed
that the diet rich in fatty acids caused more disruption of the adipose tissue metabolism
and insulin resistance, while the sucrose-rich diet induced higher hepatic inflammation
and the high cholesterol diet led to liver fibrosis, but without the same degree of
inflammation. The different approaches showed that impaired liver function was related
to the disruption of energy metabolism, by the observed changes in lipid metabolism
and insulin resistance. In the specific case of the study with animal models, it was
observed, additionally, specific effects that may be generated due to the use of different
molecules.

Key-words: Hepatosplenic mansonic schistosomiasis. Non-alcoholic liver disease.
Insulin resistance. Obesity. Lipid Metaolism.
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1. Repercussdes Metabolicas em Doencas Hepéaticas Cronicas

Ao longo da histéria do homem, o figado aparece desde a antiguidade como
orgao de extrema importancia. A lenda grega de Prometeu sugere que 0s gregos ja
conheciam a capacidade de regeneracao do figado. Hipdcrates (400 a.C.), descreve
a existéncia de abcessos hepaticos. O anatomista romano Galen (aprox. 130-200 a.C)
— que primeiro relatou as divisdes do figado em Iébulos — j& acreditava que o figado
tinha grande importancia na digestao, considerando o figado o principal 6rgéao do ser
humano (RUTKAUSKAS et al., 2006).

“Por que o estémago é circundado pelo figado? E por que o figado pode
aquecé-lo e tornar a comida quente? Esta €, certamente, a razéo pela qual

esta abracado pelos lobos do figado, como se fossem dedos.”

Galen, aprox. 200 a.C.

Com o passar dos seéculos, as pesquisas caminharam no sentido do
entendimento cada vez mais detalhado deste 6rgdo. Com descricdo de anatomia e

fisiologia, identificacdo dos tipos celulares e das reac6es bioquimicas existentes.

O hepataocito, unidade celular formadora do figado, representa 70% a 80% da
massa citoplasmatica hepatica. Estas células estdo envolvidas na sintese de
proteinas, carboidratos e lipideos como colesterol, sais biliares e fosfolipideos. Os
hepatocitos também sdo atores fundamentais na detoxificacdo, modificacdo e
excrecdo de substancias enddégenas e exodgenas. Além disso, os hepatécitos ainda
tém a capacidade de sintetizar fatores de coagulacao, proteinas complemento e tem
participacdo na sintese de alguns hormonios (e.g. fator de crescimento semelhante a
insulina, trombopoietina, eritropoietina) e estdo diretamente envolvidos na imunidade

inata, com producéo de diversas interleucinas (LIM; OH; KOH, 2015).

Além de hepatdcitos, outros tipos celulares coabitam o figado: células imunes
(principalmente macrofagos, chamados células de Kupffer), células estreladas e
células endoteliais. Nos casos em que a capacidade de metabolizacdo dos agentes
toxicos dos hepatdcitos € superada, estas células entram em acdo, muitas vezes
provocando danos ao tecido na tentativa de eliminar os ativadores da disfungéo
(MCCLUSKY et al., 1997).

Em diversas enfermidades que acometem o figado, observa-se um fluxo

continuo de componentes agressivos ao tecido hepatico, durante periodos longos e
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gue sao classificados como crénicos. Por outro lado, do ponto de vista imunolégico, o
processo de cronificacdo de uma doenca passa pela modificacdo da forma de
resposta inflamatéria. Tendo em vista a importancia do figado em variados processos
metabdlicos, existe também um amplo espectro de possiveis agentes tdxicos que
podem levar a distarbios hepaticos cronicos. Estes agentes podem ter origem
infecciosa ou nao infecciosa. No contexto dos distirbios hepaticos crbnicos
infecciosos destaca-se a forma hepatoesplénica da esquistossomose causada pelo
parasita Schistosoma mansoni. Entre as afec¢cdes nao infecciosas que atingem o
figado a doenca hepatica gordurosa néo alcoodlica (DHGNA) é a mais frequente, afeta

de 20% a 30% da populagdo mundial.
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1. Esquistossomose mansoénica

Esquistossomose (ou bilhardiase) é uma doenca tropical causada pelosvermes
digenéticos da classe Trematoda e do género Schistosoma. Diferentemente de outros
trematddeos, 0 esquistossoma apresenta sexos separados. O macho é de cor
esbranquicada e mede de 6 a 13 mm de comprimento por 1,1 mm de largura. A fémea
é cilindrica e mais fina e longa que o macho e mede de 10 a 20 mm de comprimento
por 0,16 mm de largura. Como néo apresentam 6rgao copulador, a copula ocorre pela
justaposicao dos orificios genitais feminino e masculino, quando a fémea esta alojada
no canal ginecoéforo (fenda longitudinal, no macho, para albergar a fémea e fecunda-
la). O casal permanece ligado ao longo de toda a vida do verme (GRYSEELS et al.,
2006; ISNARD; CHEVILLARD, 2008).

Existem muitas espécies de vermes do género Schistosoma, a maior parte é
parasita intestinal e infecta seres humanos apenas ocasionalmente. Entretanto, sao
conhecidas cinco espécies de valor clinico importante: S. mansoni, S. japonicum, S.
haematobium, S. intercalatum e S. mekongi (GRYSEELS et al., 2006).

A esquistossomose esta presente em 76 paises, considerada endemia
parasitaria na América, Africa e Asia. Estima-se que mais de 200 milhdes de pessoas
estejam infectadas pelos helmintos do género Schistosoma e aproximadamente 800
milhdes estejam em areas de risco de infeccdo, o que faz da esquistossomose a
segunda doenca parasitaria de maior importancia socioecondmica no mundo
(FIGURA 1). Além das altas taxas de morbidade, estima-se que cerca de 280.000
pessoas morram por esquistossomose apenas na regido da Africa subsaariana.
(ORGANIZAQAO MUNDIAL DE SAUDE, 2002; VAN DER WERF, 2003; KING;
DICKMAN; TISCH, 2005; STEINMANN et al., 2006).
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FIGURA 1. Distribuicdo global da esquistossomose

S manson,

Fonte: Adaptado de GRYSEELS et al., 2006.

No Brasil, a esquistossomose esta presente em 18 estados (Regido Nordeste,
Espirito Santo, Goias, Mato Grosso, Minas Gerais, Parda, Parana, Rio de Janeiro,
Santa Catarina e Sao Paulo) e no Distrito Federal, com as mais altas prevaléncias nos
estados de Pernambuco, Alagoas, Sergipe e Minas Gerais. A existéncia de focos de
esquistossomose mansonica em estados fora da regidao Nordeste tem sido justificada
pela mobilidade populacional a partir de zonas endémicas existentes dentro do pais.
Estima-se que entre 4 e 6 milhGes de pessoas estejam infectadas no Brasil e que 25
milhdes residam em zona de risco de infeccdo, fazendo do Brasil o pais com maior
numero de casos das Américas (CANTANHEDE; FERREIRA; MATOS, 2011).

Existe apenas uma espécie de Schistosoma no Brasil, 0 S. mansoni, cujos
hospedeiros intermediarios sdo os caramujos do género Biomphalaria: B. straminea,
B. glabrata e B. tenagophila. O ciclo evolutivo do S. mansoni é complexo, pois &
formado por duas fases parasitarias: uma no hospedeiro intermediério (caramujo) e
outra no hospedeiro definitivo (homem). H& ainda duas passagens larvarias no meio
aguatico, entre as fases parasitarias. O homem doente elimina os ovos do verme
através de suas fezes. A postura ocorre nos vasos capilares intestinais, de onde os
ovos atingem a luz do intestino e finalmente s&o liberados. Uma fémea é capaz de
liberar de 300 até 1000 ovos por dia, os quais amadurecem em uma semana
(JORDAN, 1998; DA SILVA; CHIEFFIB; CARRILHO, 2005).
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Em contato com a agua, os ovos maduros incham, eclodem e liberam larvas
ciliadas, os miracidios, os quais se locomovem rapidamente em busca do caramujo,
seu hospedeiro intermediario. Neste estagio, a larva tem em média até 8 horas de
vida. Durante a penetragcdo no caramujo, o miracidio perde parte de suas estruturas.
As partes remanescentes se juntam em até 48 horas, formando um saco alongado
repleto de células germinativas, o esporocisto primario. Apds este processo, ha um
segundo ciclo de transformacdo, desta vez em esporocisto secundario, 0os quais
migram até o figado e pancreas do caramujo e se dividem em milhares de larvas
chamadas de cercérias. O processo de desenvolvimento no interior do caramujo dura
cerca de 40 dias (KATZ; ALMEIDA, 2003).

ApoOs este periodo, as cercarias séo liberadas na agua, principalmente nos
momentos de maior incidéncia solar. Cada caramujo pode liberar milhares de
cercarias em um Uunico dia. Uma vez dispersas nha agua, as cercarias nadam
avidamente até encontrar a pele ou alguma mucosa do hospedeiro definitivo, por onde
penetram. A penetracdo é consumada pela acéao litica de enzimas sobre proteinas da
pele e pela acdo mecanica da cauda da larva, que move intensamente
(LAMBERTUCCI, 2010).

Durante este processo, o0 miracidio perde a cauda e se transforma em
esquistossémulo, o qual é adaptado ao meio interno isotbnico do hospedeiro. Os
esquistossémulos permanecem na pele do homem por cerca de dois dias, quando
penetram nos vasos sanguineos ou linfaticos. O sistema imune do hospedeiro
consegue eliminar boa parte dos vermes nesta fase, no entanto, alguns conseguem
chegar até coracdo e pulmdes, onde passam por modificagcdes adicionais no
desenvolvimento. ApoOs isto, seguem para o figado, onde completam seu
amadurecimento sexual e onde ocorre 0 pareamento para acasalamento, em seguida
seguem até o intestino para oviposicao. Vermes adultos geralmente vivem 3 a 5 anos,
muito embora possam permanecer até 20 anos no corpo humano (ISNARD;
CHEVILLARD, 2008) (FIGURA 2).
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FIGURA 2. Ciclo biolégico dos vermes do género Schistosoma

A\ = Estagio infectivo
A\ = Estégio diagnosticado
esporocistos no e

caramujo
(geracdes sucessivas)

Cercaria liberada pelo caramujo
/ A\ dentroda a

Cercaria perde a cauda

/—' \ @ durante a penetracdo e
«“Penetracio se torna esquistossomule
na pele J

0 Miracidio penetra no
tecido do caramujo (A

ovoSs eclodem \
I

@ Circulagéo

Migracdo até vasos porta-
d hepaticos e maturacdo até

9 adultos Q
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A vénulas mesentéricas do intestino/reto,

onde liberam ovos que embolizam até o
S mar{som s haoma(obnum figado ou sdo liberados nas fezes, ou
C C plexo venoso da bexiga

liberando miracidios

Fonte: Adaptado de GRAHAM et al., 2010.

Todos estes passos do desenvolvimento do verme no organismo do hospedeiro

sao caracterizados por reacdes especificas. A penetracdo da cercéria pela pele pode
gerar lesbes com bastante prurido no local, chamada dermatite cercariana,
principalmente em individuos em contato com o verme pela primeira vez, em sua
maioria imigrantes e turistas. Esta reacdo pode permanecer por até uma semana,
como lesées papulo pruriginosas (BOTTIEAU et al., 2006; BOUREE; CAUMES, 2010).

ApOs a penetracdo da cercaria, agora como esquistossdémulo, inicia-se a forma
aguda da esquistossomose. Caracteriza-se por uma reacdo de hipersensibilidade
sistémica contra 0 esquistossomulo e ocorre poucas semanas apos a infec¢cao, no
entanto frequentemente ndo € observada em individuos residentes em &reas
endémicas e sua intensidade pode variar de acordo com a intensidade da infec¢éo e
a resposta imune do individuo (ROCHA et al.,, 1996; DA SILVA; CHIEFFIB;
CARRILHO, 2005).
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2.1. Esquistossomose Cronica

Apo6s as manifestacfes agudas da esquistossomose, a infeccdo geralmente
progride para a forma crénica. Este € o estagio frequentemente observado em areas
endémicas. As principais lesbes ndo sédo provocadas pelos vermes adultos, mas sim
pelos ovos que ficam presos nos tecidos. Os ovos secretam diversas moléculas,
dentre as quais, enzimas proteoliticas que provocam forte atracdo de eosindfilos com
reacdes inflamatorias e granulomatosas tipicas, as quais Sdo progressivamente
substituidas por tecido fibrético (CHEEVER; HOFFMANN; WYNN, 2000).

A esquistossomose mansonica cronica inicia-se no intestino, a migracdo dos
ovos através da parede intestinal provoca uma intensa inflamacédo granulomatosa na
mucosa, pseudopolipose, microulceracdo e sangramento superficial no intestino
grosso distal. O paciente geralmente apresenta fraqueza, dor abdominal e transito
intestinal irregular. Estas lesdes sao inespecificas e podem ser confundidas com
outras afeccdes do intestino, como as doencas inflamatorias do intestino, como Colite
Ulcerativa e Doenca de Chron (CHEEVER, 1968; CAO et al., 2010).

Contudo, parte dos ovos liberados nos vasos mesentéricos ndo atinge a luz do
intestino, alguns séo levados pela corrente sanguinea até outros 6rgaos, na maioria
das vezes o figado. Neste 6rgdo, o ovo acaba preso no espaco periportal
presinusoidal, local em que desencadeia uma forte reacao inflamatoéria granulomatosa
assim como no intestino (GRYSEELS; POLDERMAN, 1991; GRYSEELS et al., 2006).

Os mesmos mecanismos utilizados pelo sistema imune do hospedeiro para
combater a infeccdo sdo 0s responsaveis pelas principais complicacdes da
esquistossomose cronica. A reacao granulomatosa completa-se com a criagcdo de uma
regido de fibrose ao redor do ovo, os quais estdo localizados nos vasos do figado. Ao
longo do tempo, a deposi¢do de coldgeno nos espacos periportais leva a fibrose de
Symmers ou periportal. A qual pode ser observada por ultrassonografia, tomografia
computadorizada ou ressonancia magnética nuclear. Ultrassonografia tem sido
utilizada associada ao exame clinico na deteccéo do grau e padrédo de fibrose hepéatica
baseado em critérios da organizacdo mundial de saude (SYMMERS, 1904 apud
ISNARD; CHEVILLARD, 2008; HATZ; MURAKAMI; JENKINS, 1992; VOIETA et al.,
2010).
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A fibrose hepética periportal, por sua vez, resulta no aumento da resisténcia ao
fluxo local e consequente hipertensdo. Contudo, a circulacdo portal ndo apenas
envolve intestino e figado, também estdo bastante préximos baco e esd6fago. Com a
progressdo da doenca, a hipertensdo portal passa também a atingir o baco, o que
provoca um aumento consideravel no seu volume, a chamada esplenomegalia. Além
disso, a hipertensao portal esta associada ao surgimento de varizes esofagicas, cujo
rompimento e sangramento sdo as principais causas de morte por S. mansoni. Além
disso, continuados sangramentos ocultos podem levar a anemia, hipoalbuminemia e
até mesmo ascite, quando associado a hipertenséo portal (KING; DICKMAN; TISCH,
2005; WILSON et al., 2007).

2.2. Repercussdes Metabdlicas da Esquistossomose

Tendo em vista o papel central do figado para o metabolismo humano, a
esquistossomose tem a capacidade de promover graves manifestacoes,
principalmente quando se consideram os longos periodos de infeccdo e reinfeccéao.
Dois efeitos fundamentais devem ser considerados no entendimento da patologia
hepatica: inflamacao e fiborose. Ambas causadas em resposta a deposicao dos ovos
de S. mansoni.

A inflamacé&o na regido provoca, ao longo do tempo, dano hepético tecidual, com
morte de hepatdcitos e diminuicdo da capacidade de sintese e secrecéo pelo figado.
Isto se reflete na avaliacéo laboratorial da funcéo hepética no individuo com
esquistossomose: Geralmente h& aumento plasméatico das enzimas alanina
aminotransferase (ALT) e aspartato aminotransferase (AST), devido aos danos
hepatocelulares, os quais também provocam diminuicdo da sintese de proteinas,
refletidas na diminuicdo da albumina e de fatores de coagulacdo. A fibrose,
consequéncia da inflamacéo cronica, provoca ainda aumento de gamma-glutamil
transferase (GGT) e fosfatase alcalina (ALP) devido ao desenvolvimento de
compressao biliar causada pela formacgéo de granuloma na area ao redor do ovo.
Além disso, ambas inflamacéao e fibrose podem provocar aumento da bilirrubina
indireta, pelo aumento da hemdlise (PEREIRA et al., 2010; LEITE et al., 2013, 2015).

Pesquisas utilizando modelos de experimentacdo animal observaram relagcao

entre a esquistossomose com algumas alteragbes no metabolismo de lipidios e
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lipoproteinas. Estudos com camundongos infectados relatam reducdo nos niveis
plasméaticos de colesterol esterificado e elevacdo dos fosfolipidios plasmaticos.
Experimentos, utilizando saguis (Callithrix jacchus) como modelo de infeccdo em
primatas, demonstraram haver alteracées na composicdo das membranas lipidicas de
eritrécitos dos animais que desenvolveram a infecgcéo crbnica e reducao na atividade
da enzima LCAT estando relacionada com alteragdes no metabolismo do colesterol,
interferindo no seu transporte reverso. Outros estudos também relataram alteracfes
no metabolismo de triglicerideos e VLDL tendo sido observados niveis elevados em
camundongos, que desenvolveram a infeccao por S. mansoni (FEINGOLD et al.,1989;
DIMENSTEIN, et al., 1992; LIMA et al.,1998; DOENHOFF et al., 2002, RAMOS et al.,
2004; LA FLAMME et al., 2007).

Alguns poucos estudos realizados em humanos também reportaram que a
esquistossomose crbénica promove alteracbes no metabolismo lipidico como, por
exemplo, a peroxidacdo de lipidios de membrana em eritrécitos e diminuicdo da
atividade da LCAT, reducdo dos niveis plasmaticos de colesterol total, LDL-C, HDL-
C, VLDL-C e triglicerideos. Desta forma pode-se evidenciar que as alteracdes
metabolicas observadas nestes trabalhos diferem de acordo com o tipo de hospedeiro
e isto pode ser explicado pelas diferencas e peculiaridades existentes entre o
metabolismo das espécies estudadas. (SILVA et al., 2002; FACUNDO et al., 2004).

Por outro lado, tanto os disturbios na sintese de proteinas quanto as diversas
interleucinas liberadas durante a inflamacédo independentemente do dano hepéatico
podem provocar efeitos sobre o metabolismo de lipoproteinas. Como tem sido
reportado em alguns estudos com relagcdo aos niveis de apolipoproteina A, principal
componente proteico da HDL, e a Apolipoproteina B, o principal constituinte proteico
da VLDL, IDL e LDL (KHOVIDHUNKIT et al., 2000).

Além de ApoA e ApoB, diversas outras apolipoproteinas participam no
metabolismo de lipideos. Cada lipoproteina esta associada a apolipoproteinas
especificas que exercem diversas fungdes, como ativacdo/inibicdo das enzimas
envolvidas no metabolismo lipidico e na ligacdo das lipoproteinas a receptores da
superficie celular. Neste contexto, a ApoE apresenta funcdo crucial, desde que
intermedeia o reconhecimento e internalizacdo hepética de lipoproteinas ricas em

triglicerideos, quilomicrons e VLDLSs e seus remanescentes através de sua acdo como
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ligante de LDLR, LRP e HSPG (MAHLEY; HUANG, 1999; HAGBERG; WILUND;
FERREL, 2000; HARRIS; EVANS; OWEN, 2006).

Além disso, a APOE também tem papel fundamental no metabolismo das
lipoproteinas ricas em colesterol, como LDL, em que atua na distribuicdo de colesterol
para os tecidos periféricos, ou ainda como constituinte de algumas fragdes de HDL,
contribuindo com o transporte reverso de colesterol através da participacdo na
internalizacdo hepética destas lipoproteinas (MAHLEY, 1982; MAHLEY;
INNERARITY, 1983).

Além de atuar como ligante de receptores, a ApoE ainda participa na ativacao
de diversas enzimas envolvidas no metabolismo de lipoproteinas, dentre as quais,
pode-se mencionar as lipases hepaticas, a Proteina de Transferéncia de Colesterol
Ester (CETP) e a LCAT (GREENOW; PEARCE; RAMJI, 2005).

A ApoE nao se apresenta de maneira idéntica em todos os seres humanos, com
consequentes repercussdes metabolicas. De fato, apenas suas diferentes isoformas
sdo responsaveis por 10% da variacdo dos niveis de colesterol plasmatico na
populacdo geral. Estas isoformas existem devido a uma variagdo chamada de
polimorfismo genético ou génico, no qual um mesmo sitio apresenta diferentes
versdes ou alelos, neste caso, do tipo polimorfismo de Unico nucleotideo (SNP, do
inglés: single nucleotide polymorphism), em que a alteracdo de apenas um Unico
nucleotideo provoca modificagdo na sequéncia da proteina (MAHLEY; RALL, 2000; LI
et al., 2011; FONSECA et al., 2014).

As trés principais isoformas da ApoE, chamadas E2, E3 e E4, sao produtos dos
trés alelos €2 (Ié-se épsilon), €3, 4. Trés gendtipos homozigotos (e2/€2, €3/e3 e e4/e4)
e trés heterozigotos (£2/e3, €2/e4, £3/e4) provém da expressédo de dois destes trés
alelos. As modificagcbes que dao origem a estes trés alelos acontecem em dois
nucleotideos presentes no éxon 3 e formam proteinas que diferem nos aminoacidos
112 e/ou 158. A ApoE3 possui um residuo de cisteina na posi¢do 112 e um residuo
de arginina na posicéo 158, enquanto a ApoE2 contém duas cisteinas (Arg158->Cys)
e a ApoE4 contém duas argininas em ambos os sitios (Cys112->Arg) (UTERMANN et
al., 1980; MAHLEY, 1988; MAHLEY; RALL, 2000).

Tem sido observado que o alelo €3 é o mais comum, com frequéncias numa faixa
de aproximadamente 51% a 80%. O alelo €4 geralmente apresenta frequéncia maior
do que €2 variando entre 12% e 29%, enquanto que frequéncias do alelo €2 tém sido

encontradas variando entre 1% e 19%. Devido a prevaléncia majoritaria do alelo €3,



Repercussoes Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M. 21

este tem sido utilizado como referéncia para a avaliacado das diferencas entre as
isoformas (MASEMOLA; ALBERTS; URDAL, 2007; MENDES-LANA et al., 2007).

Desde as primeiras investigacdes tem-se associado o alelo €2 com a existéncia
de disbetalipoproteinemia (ou hiperlipoproteinemia do tipo Ill, segundo classificacdo
de Fredrickson) em que o individuo possui niveis muito elevados de triglicerideos,
frequentemente préximos e maiores do que 300 mg/dL. A hiperlipidemia é causada
pelo acamulo de quilomicrons remanescentes provenientes de lipideos exdgenos e
de remanescentes de VLDL derivados do figado, ambas chamadas de B-VLDL.
Virtualmente todos os individuos com disbetalipoproteinemia sdo homozigoéticos para
o alelo €2. A presenca do alelo €2 em heterozigose, entretanto, apresenta um efeito
benéfico, pela associacdo com niveis diminuidos de colesterol e ApoB e niveis
elevados de HDL e ApoA-1 (DONG et al., 1996; MAHLEY:; JI, 1999; FRIKKE-SCHMIDT
et al., 2000).

Um perfil lipidico-lipoprotéico diferente, no entanto, tem sido observado na
presenca do alelo €4. Individuos portadores do alelo €4 apresentam niveis
aumentados de colesterol e ApoB enquanto apresentam valores bem menores de
HDL e ApoA-I. Os niveis elevados de LDL-C presentes nos individuos portadores de
ApoE4 estédo fortemente associados com o desenvolvimento de aterosclerose e o
aumento do risco de DCVs (DONG; WEISGRABER, 1996; GYLLING et al., 1997,
GOMEZ-CORONADO, 1999; HAAN; MAYEDA, 2010).

Estes diferentes padrbes lipidico-lipoprotéicos observados entre os alelos da
APOE séao frequentemente justificados pelas diferengas estruturais causadas pelas
modificaces dos aminoacidos. A substituicdo do residuo de cisteina (ApoE3) por
Arginina (ApoE4) na posigdo 112 provoca modificagbes na regido de ligagdo aos
lipideos de forma a fortalecer a afinidade da ApoE pelos mesmos. Com isso ha maior
concentracdo de ApoE nas lipoproteinas ricas em ApoB, como VLDL e LDL, do que
na HDL. Por causa desta modificacdo na distribuicdo de ApoE ha maior quantidade
de ApoE ligando-se aos receptores de LDL (LDLR) e internalizacdo de colesterol. Este
processo, associado ao aumento da absorgéo de colesterol intestinal observada em
individuos com APOE4, pode aumentar o conteudo intra-hepatico de colesterol e,
consequentemente, diminuir a expressao de LDLR, levando ao aumento dos niveis de
LDL-C observados em individuos com APOE4. Outros estudos ainda reportam que
parte destas alteracOes pode ser justificada pela rapida depuracdo de quilomicrons
remanescentes contendo APOE4 em relacdo aqueles contendo APOE3
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(WEINTRAUB; EISENBERG; BRESLOW, 1987; KESANIEMI; EHNHOLM;
MIETTINEN, 1987; DREON et al., 1995).

Por outro lado, a substituicdo do residuo de arginina (ApoE3) por cisteina
(ApoE2) na posicdo 154 provoca modificacdes na regido de ligagdo a receptores,
provocando uma afinidade de apenas 2% em comparagdo com ApoE3 ou ApoE4.
Assim, hd uma diminuicdo acentuada da depuragdo hepatica de lipoproteinas e
consequente hiperlipidemia (WEISGRABER, INNERARITY & MAHLEY, 1982,
WEINTRAUB, EISENBERG & BRESLOW, 1987) (FIGURA 3).

FIGURA 3: Diferencas observadas nas estruturas de ApoE3, ApoE4 e ApoE2.
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Fonte: Adaptado de MAHLEY e RALL, 2000.

Desta forma, o polimorfismo da ApoE poderia estar relacionado as dislipidemias
observadas durante a esquistossomose mansoénica tanto pelas diferencas intrinsecas
das isoformas, quanto pelas disfun¢cdes hepaticas, que poderiam provocar mudancgas
na sintese, secrecdo e depuracdo de ApoE, e consequentemente de lipoproteinas,
pelo figado.

Por outro lado, as inter-relacbes de ApoE e esquistossomose mansonica
poderiam se dar devido a influéncia da ApoE sobre processos imunoldgicos. Embora
ainda escassos em relacdo a ampla quantidade de possibilidades de acgéo, alguns
estudos tém observado efeitos da ApoE em diferentes situagfes. Ha evidéncias de
gue as isoformas da APOE podem ter um papel importante na infeccdo e
desenvolvimento de doencas causadas por bactérias, virus, protozoarios e fungos
(WOZNIAK, 2007; TURSEN et al., 2004; BURT et al., 2008; WANG et al., 2009).

Tem sido relatado que a progressdo de infeccbes bacterianas pode ser

influenciada pelo gendtipo presente em cada caso. Camundongos expressando
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ApoE3 humana apresentaram maior sobrevivéncia a sepse do que aqueles
expressando ApoE4. Resultados semelhantes também foram observados em
humanos, portadores do alelo €3 apresentaram menor incidéncia de sepse severa e
menor duracdo em Unidade de Terapia Intensiva apds cirurgia do que aqueles com o
alelo ¢4 (MORETTI et al., 2005; WANG et al., 2009).

As infeccbes virais também tém sido alvo de estudos em que se avalia a
influéncia do polimorfismo da APOE. Tem sido observado que a presenca do genétipo
e4/ed esta associada a um curso mais rapido da doenca e progressao para morte em
portadores do Virus da Imunodeficiéncia Humana, ao menos parcialmente explicado
pela inibicdo da expressao da proteina Tat — um transativador de expressao do gene
do HIV — e consequente inibicdo da formacdo do sarcoma de Kaposi, pela APOE3
(BROWNING et al., 1994; BURT et al., 2008).

O alelo ¢4 também tem sido associado ao herpes labial, provocado pelo Herpes
Simplex Virus (HSV) tipo I. O HSV-I esta presente no cérebro de um alto percentual
da populacdo e quando associado com a APOE4 confere um risco de
desenvolvimento de doenca de Alzheimer muito maior do que o alelo ¢4 de maneira
isolada. No entanto, o alelo €4 conferiu protecdo em individuos infectados com o virus
tipo C da Hepatite (HCV) contra doenca hepatica severa. Ademais, individuos
portadores de APOE2 apresentaram um maior risco de desenvolvimento de encefalite
causada por HSV-I (ITZHAKI et al., 1997; LIN et al., 2001; WOZNIAK et al., 2002;
TONIUTTO et al., 2004).

A importancia da APOE durante a infeccéo ndo se limita a virus ou bactérias, foi
observado que o gendétipo €2/e2 esteve associado a uma infeccdo precoce pelo
protozoario causador da malaria, o Plasmodium falciparum. O parasita utiliza, atraves
de proteinas de superficie, moléculas HSPG/LRP para invadir os hepatocitos. De certo
gue outras proteinas, como a ApoE, utilizam esta rota de internalizacéo celular, pode
existir competicdo por estes receptores. Além disso, foi relatado maior risco de
desenvolvimento de micoses superficiais, principalmente por fungos dermatéfitos, em
individuos com o gendétipo €3/e2, ou mesmo na auséncia de €3/e3 (SHAKIBAEI,
FREVERT, 1996; SINNIS et al., 1995; WOZNIAK et al., 2007; TURSEN et al., 2004).

Estes patdégenos (virus, bactérias, protozoarios e fungos) e a ApoE utilizam-se
das mesmas moléculas para se ligar e penetrar na célula, receptores da familia do
LDLR e HSPG. Como a afinidade de ligacéo é especifica para cada isoforma, a ApoE

poderia determinar o grau de competi¢c&o pelo receptor e consequentemente a entrada
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do patdgeno na célula e sua subsequente propagacdo e doenca. As afinidades de
ligacdo das isoformas da APOE podem resultar em uma protecdo especifica de um
alelo para uma doenca e conferir risco para outra (ITZHAKI et al, 1997).

Em adicdo a influéncia das isoformas da ApoE sobre a infec¢do em si, a ApoE
poderia influenciar a resposta imune do hospedeiro. Estudos com modelos animais
observaram que a ApoE pode atuar como um inibidor da resposta Thl, provocando
uma modificacdo do balanco Th1l/Th2 na direcdo do padrdo Th2. Também foi
observado que camundongos APOE- apresentavam inibicdo da resposta inflamatoria
Th2 apos administragdo de peptideo derivado da ApoE. Em humanos foi observado
gue o a presenca do alelo ¢4 aumenta consideravelmente o risco de desenvolvimento
de Colite Ulcerativa (ZHENG et al, 2003; LI et al, 2009).

Interessantemente, os efeitos da ApoE sobre o metabolismo lipidico e sobre a
resposta imune do individuo infectado por S. mansoni poderiam estar associados.
Acredita-se que o verme, que nao sintetiza lipideos, os absorve através da ligacdo de
particulas de LDL a uma proteina de seu tegumento semelhante ao LDLR. Este
processo de ligacdo a LDL, assim como a outras moléculas, teria um papel secundario
muito importante como um mecanismo de evasdo do verme a resposta imune do
hospedeiro, no qual o parasita camufla-se com as lipoproteinas e passa a nao ser
mais detectado pelo sistema imune do individuo infectado (SMITHERS; TERRY;
HOCKEY, 1969; RUMJANEK; CAMPOS; AFONSO, 1988; TEMPONE et al., 1997).

Enfim, a investigac&o das dislipidemias no contexto da esquistossomose se torna
ainda mais importante pelo reconhecimento da participacéo de lipideos e lipoproteinas
na génese de diversos distlrbios associados as doencas crénicas nao- transmissiveis
(DCNTSs), como aterosclerose, obesidade, resisténcia a insulina e hipertenséo arterial
sistémica. Estes disturbios sdo fortemente associados entre si e observados
concomitantemente na sindrome metabdlica, a qual € considerada um transtorno
complexo formado por um conjunto de fatores de risco cardiovascular. Tais fatores séo
usualmente relacionados a resisténcia a insulina (DOENHOFF et al.,, 2002;
SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2005).

A resisténcia insulinica € um disturbio metabdlico, caracterizado pela diminuicao
da capacidade dos receptores de insulina teciduais em interagir com a insulina, e
consequente diminui¢cao na captacéo da glicose plasmatica. Com isso ha um aumento
na concentracdo de glicose no sangue, o qual reforca o estimulo de secrecao de

insulina — comumente chamada compensatéria — levando a hiperinsulinemia. A



Repercussoes Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M. 25

resisténcia a insulina pode promover vérias repercussdes metabdlicas, tais como
hiperglicemia/diabetes mellitus do tipo 2, dislipidemias/ dislipoproteinemias,
obesidade/obesidade visceral, hiperuricemia, aumento dos fatores pré-trombdéticos e
antifibrinoliticos, elevacdo do fator de necrose tumoral (TNF-a) e de algumas
interleucinas, bem como hipertenséo arterial sistémica. Os principais 6rgdos e tecidos
afetados séo o tecido adiposo, o tecido muscular, o figado e os rins (SIMONE et al.,
2003).

No metabolismo lipidico/lipoproteico, a resisténcia insulinica esté relacionada
com a diminuicdo dos niveis de HDL-C, na formacdo de uma LDL pequena e densa
(mais aterogénica), aumento nos niveis plasmaticos de triglicerideos e de VLDL-C.
Estas alteracOes lipidicas e lipoprotéicas podem ocorrer devido a estimulacdo da
lipase lipoprotéica nos capilares do tecido adiposo, liberando com isso, grandes
guantidades de acidos graxos livres provenientes das VLDLs, que seguem pela
circulacdo para o figado, aumentando a sintese hepatica de triglicerideos e que pode
provocar, consequentemente, desordens metabdlicas como a esteatose hepatica
(HOLZL et al., 1998; OLIVEIRA; MIRABEAU; LIMA, 2004; CUSSONS; BRONWYN;
GERALD, 2005).

As LDLs sao afetadas em sua composicdo, pois sdo produzidas a partir de
VLDLs anormais, incorporando em suas moléculas grandes quantidades de
triglicerideos, tornando-se desse modo, mais suscetiveis a hidrélises pelas lipases
hepaticas e lipoprotéicas, resultando em LDLs de particulas menores, mais densas e
aterogénicas, que s&o fagocitadas pelos macrofagos dando origem as “células
espumosas”, que sao as principais responsaveis pelo conteudo de colesterol das
placas de ateroma (BORGGREVE et al., 2003).

Paralelamente, ocorre uma reducdo na concentracdo das HDLs, por
mecanismos que ainda nao estdo bem elucidados, tais como: o bloqueio da
transferéncia de apolipoproteinas e de fosfolipidios das lipoproteinas ricas em
triglicerideos para a HDL; a troca entre colesterol que foi esterificado pela atuacéao da
LCAT na HDL e o conteudo trigliceridico na VLDL; elevada atividade da lipase
hepatica, a qual facilita a depuracdo da HDL e alteracdes na funcdo hepatica, tais
como a inibicdo da producéo da Apo A-I, a principal apolipoproteina da HDL, e/ou a
inibicdo da secrecdo de HDL nascente (GINSBERG; ZHANG; HERNANDEZ-ONO,
2005).
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Nos ultimos anos, a resisténcia a insulina — frequentemente associada a
obesidade e, consequentemente, a dietas hipercaléricas — passou a atingir também
populacdes de menor poder econdmico, as quais classicamente apresentavam
maiores prevaléncias de doencas parasitarias, como a esquistossomose mansonica.
A intercesséao destas duas enfermidades promoveu um fendmeno muito interessante
do ponto de vista imunoldgico. Enquanto a esquistossomose promove uma forte
reacao inflamatoria do tipo Th2, obesidade e resisténcia a insulina estéo relacionados
a resposta do tipo Thi.

A forma como estas interacbes acontecem ainda parece longe de ser elucidada.
No entanto, recentemente foi observado que os ovos do verme produzem antigenos
soluveis contendo glicoproteinas e glicanos com a capacidade de promover a melhora
da tolerancia a glicose e da sensibilidade a insulina. Este efeito se daria através da
estimulacdo de macréfagos no tecido adiposo para produzirem interleucina-10, a qual
promoveria diminuicdo da inflamacéo e melhora da captacdo de glicose no tecido
adiposo. Além disso, o composto lacto-N-fucopentaose Ill, especificamente, tem a
capacidade de promover a diminuigdo da sintese de lipideos no figado (BHARGAVA
et al., 2012; CHEN et al., 2013).

Assim, é possivel perceber as varias comunicacfes entre o distlrbio hepatico
provocado pela esquistossomose mansonica e diversas rotas metabodlicas que,
integralmente, levam ao comprometimento geral do organismo do individuo afetado.
Contudo, além dos problemas hepaticos advindos das infec¢des, representados aqui
pela esquistossomose mansonica cronica, diversos disturbios ndo infecciosos podem
provocar sério comprometimento da funcéo hepéatica. Entre eles se destaca a Doenca
Hepética Gordurosa Nao Alcodlica (DHGNA).
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2. Doenca Hepéatica Gordurosa Néao Alcodlica

A DHGNA ¢é definida por alteracdes hepaticas que se assemelham a doenca
hepética induzida por alcool, mas que ocorre em pacientes que nao apresentem
consumo de alcool significativo. A doenca inclui amplo espectro de alteracdes
histologicas desde esteatose simples, passando pela esteato-hepatite podendo
evoluir até fibrose e cirrose, para o diagndéstico € necessaria correlacado anatomo-
clinica e exclusdo de causas secundarias. A definicdo pressupfe a abstencdo de
alcool, existindo grande discussédo na literatura sobre qual seria o ponto de corte
aceitavel para ndo considerar o alcool como o responsavel por este processo. A
maioria dos autores fala em consumo de até 20g de alcool para homens e 10g para
mulheres (ASSOCIAC;AO AMERICANA DE GASTROENTEROLOGIA, 2002).

A definicao patoldgica da presenca de esteatose € gordura hepatica excedendo 5%
do total do peso do 6rgdo. Quando em avaliagdo microscopica, o critério € usualmente
a presenca de gordura em mais de 5% dos hepatdcitos. A presenca de esteato-
hepatite ndo alcodlica (EHNA) é definida pela concomitancia de processo inflamatorio,
gue costuma ser misto, envolvendo tanto ceélulas mononucleares como
polimorfonucleares. Outros achados caracteristicos em humanos sdo a degeneracéo
dos hepatdcitos em baldo (balonamento) e o aparecimento dos corpos de Mallory-
Denk; posteriormente, ocorre o aparecimento de fibrose, que inicialmente é
perivenular, mas depois envolve outras regides (OH; WINN; POODARD, 2008)
(FIGURA 4).
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Figura 4: Cortes histologicos de figado de camundongo corados com hematoxilina e eosina (A-E) ou
Tricromo de Masson (F) demonstrando o desenvolvimento de DHGNA. A: Figado Normal; B: Esteatose
de grau 1 (5% a 33%); C: Esteatose de grau 2 (34% a 66%); D: Esteatose de grau 3 (67% a 100%). E:
Esteato-hepatite; F: Esteato-hepatite com fibrose. Circulos destacam células em balonamento e setas

destacam Corpos de Mallory-Denk.

5.9

FONTE: Adaptado de OH; WINN; POODARD, 2008 e HIJONA et al., 2010.

O entendimento da patogénese da DHGNA passa pelo reconhecimento da
interacdo metabdlica que o figado mantém com os diversos tecidos corporais. De

maneira que o acumulo de lipideos no figado, caracteristica conceitual da DHGNA,
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deriva-se fundamentalmente do excesso de energia disponivel no organismo. Este
excesso € frequentemente causado por ingestdo excessiva de calorias, as quais

causam obesidade e outros distlrbios associados.

Dietas ricas em gordura tém sido utilizadas muito eficazmente em modelos
animais, principalmente camundongos, como forma de mimetizar os efeitos
observados em humanos — obesidade, dislipidemias, resisténcia insulinica etc —
apesar das diferencas metabdlicas existentes. Camundongos ndo expressam CETP,
enzima responsavel pela transferéncia de éster de colesterol da HDL para a LDL. Além
disso, camundongos também produzem ApoB-48 no figado, a qual apresenta uma
maior depuracdo hepética que a ApoB-100 em humanos. Roedores em geral
apresentam, ainda, maior taxa metabdlica, a qual influencia nos niveis de acidos
graxos circulantes e desenvolvimento de obesidade. Por estas diferencas, ha aumento
consideravel de HDL-c em relacdo aos niveis de LDL-c em camundongos,
diferentemente dos humanos, nos quais ha bem mais colesterol nas particulas de LDL.
(KIM; YOUNG, 1998; LIMA et al., 1998).

Inimeros modelos animais de investigacdo de obesidade e morbidades
associadas tém sido desenvolvidos ao longo das ultimas décadas. Como resultado,
trés classes de modelos animais sdo utilizadas hoje: modelos dietéticos, modelos
genéticos e modelos que utilizam tanto modificagdes genéticas quanto na dieta. Nos
modelos dietéticos, sao utilizadas dietas hipercaléricas, a maioria baseada em
lipideos. Neste campo ha uma ampla gama de formulagBes, com vasta variacdo nas
fontes animais (banha de porco, pele de frango, manteiga, gema de ovo e cérebro
bovino) ou diferentes Oleos vegetais. Os modelos genéticos se baseiam no
silenciamento ou mutacdo de genes reguladores metabdlicos, como o modelo ob/ob
para a leptina (ARAUJO et al., 2011, 2012).

Além disso, nos ultimos anos, tem-se aumentado o numero de modelos que
buscam investigar o efeito de componentes especificos nas dietas. Como as dietas
deficientes em metionina e colina, ricas em sacarose ou frutose, ou ainda, ricas em
colesterol. Estes modelos, assim como os mais tradicionais, apresentam vantagens e
desvantagens que devem ser levados em consideragao de acordo com o objetivo de
investigacao. Além disso, variacdes como arcabouc¢o genético dos animais, tempo de
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dieta, idade de inicio e sexo dos animais também podem levar a diferentesrespostas
(BUETTNER et al., 2007; PIERCE et al., 2015).

A obesidade é caracterizada pela presenc¢a de maior peso do que € considerado
saudavel para a altura do individuo, geralmente avaliado pelo indice de massa
corporea (IMC), o qual é calculado utilizando o peso corporal em quilogramas dividido
pela altura em metros, ao quadrado (Peso [Kg] / Altura? [m]). Valores elevados de IMC
geralmente refletem expanséo do tecido adiposo corporal. Esta avaliacdo pode ser
traduzida para os modelos experimentais pela medicdo da razdo entre 0 peso e 0
tamanho do animal, ou mais eficientemente, pela determinag&o da gordura corporal
(KUHEL et al., 2013).

A principal fungéo do tecido adiposo é armazenar e liberar acidos graxos, 0s
guais sao incorporados nos triglicerideos de adipoécitos de acordo com demandas de
energia a todo o organismo. A massa adiposa corporal € determinada pelo equilibrio
entre armazenamento e remocao de triglicerideos em adipdcitos. A expansao do
tecido adiposo em resposta ao excesso de ingestao caldrica € uma resposta sistémica
importante para evitar os efeitos colaterais lipotoxicos exercidos pelo excesso de
deposicao de lipideos em outras células (ASTERHOLM et al., 2014).

Nos estados de aumento da demanda de acidos graxos, como nas dietas
hiperlipidicas, o tecido adiposo responde primeiramente com aumento do namero de
células — devido a multiplicacdo e diferenciacdo de pré-adipdécitos, angiogénese e
remodelamento da matriz extracelular. Diversos fatores parecem estar envolvidos
neste processo. No entanto, tem sido observado que a expressao de diversos genes
envolvidos na maturacdo € dependente da ativacdo do peroxisome proliferator-
activator receptor gamma (PPARYy), um fator de transcri¢cao ativado por acidos graxos.
Entretanto, a continuidade do influxo aumentado de &cidos graxos sobrecarrega o
adipécito e gera dano ao tecido, provavelmente causado pela incapacidade tecidual
de manter um aporte adequado de oxigénio. (KUBOTA et al., 1999; ARNER et al.,
2010; CUMMINS et al., 2014; SHULMAN, 2014).

O estresse celular no tecido adiposo provoca entdo apoptose de adipdcitos e
infiltracdo de macrofagos. Este processo de sobrecarga de acidos graxos, estresse,
apoptose e inflamacgéo no tecido adiposo se torna continuo. Este estado é conhecido

como inflamacéo crénica de baixo grau. Contudo, € importante salientar que o termo
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“crénica” se reflete ao tempo prolongado e carater persistente da inflamacao e ndo a

uma inflamag&o do tipo Th2, como comumente descrita emimunologia.

Muitos fatores pré-inflamatérios séo produzidos no tecido adiposo do individuo
obeso. Ha aumento da expressao de TNF-aq, interleucina-6, interleucina 1 beta (IL-1),
proteina quimiotatica de monocitos 1 (MCP-1), sintase de Oxido nitrico induzivel
(INOS), fator de crescimento transformante beta 1 (TGF-B1), etc. Boa parte destes
fatores é produzido por macro6fagos infiltrados no tecido adiposo, 0s quais atuam em
conjunto na fagocitose de adipécitos mortos, formando estruturas com formato
semelhante ao de uma coroa, chamadas crown-like structures (GREENBERG; OBIN,
2006) (FIGURA 5).

FIGURA 5: Adipécitos rodeados por macrdfagos identificados por imuno-histoquimica de CD68.

!

FONTE: Adaptado de BIGORNIA et al., 2012.

Durante a expansédo do tecido adiposo, observada na obesidade, a fungao
endocrina dos adipdcitos também entra em desequilibrio. No estado normal de
funcionamento, tanto adipécitos quanto outras células do tecido produzem diversas

substancias com atividade endécrina, como leptina e adiponectina.

A leptina é produzida proporcionalmente ao volume do tecido adiposo e em
resposta a uma miriade de fatores estimulatérios como insulina, glicocorticoides,
ativadores de PPARy e horménio do crescimento. Os principais efeitos da leptina
estdo envolvidos com a homeostase energética, em que atua em nivel hipotalamico e

também periférico na regulacdo do apetite e do gasto energético. Este hormonio atua
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como um termOémetro do nivel de reserva energética do organismo, em que reduz
rapidamente quando ha diminuicdo das reservas de forma a induzir aumento do
apetite e reducdo do gasto energético corporal. Por outro lado, durante a obesidade
h& desequilibrio desse sistema, apesar dos niveis elevados de leptina é observada
resisténcia aos seus efeitos. A adiponectina, diferentemente da leptina, apresenta
secrec¢do relacionada com o numero de adipdcitos diferenciados e ndo com o volume
do tecido adiposo. Receptores para adiponectina sdo encontrados principalmente em
musculos e no figado e atuam de maneira a melhorar a eficiéncia do uso de acidos
graxos nestes tecidos (YAMAUCHI et al., 2001; KERSHAW; FLIER, 2004).

A partir do funcionamento enddcrino do tecido adiposo é possivel compreender
como este 6rgdo atua de maneira a proteger o organismo da lipotoxicidade.
Entretanto, na expanséo descontrolada observada durante a obesidade, este mesmo
tecido ndo consegue mais proteger 0os outros 0rgaos do excesso de acidos graxos e
acaba por se tornar fonte de producdo de diversos fatores deletérios para o
funcionamento normal do organismo. Enfim, a obesidade pode ser vista como um
desequilibrio metabdlico do tecido adiposo (incapacidade de absorcéo adicional dos
acidos graxos ingeridos, desenvolvimento de processos inflamatoérios e desregulacéo
enddcrina) que repercutem no funcionamento geral do organismo. Neste ponto, a
obesidade, através das dislipidemias e da resisténcia a insulina, pode ser considerada

o elo entre as dietas hiperlipidicas e a DHGNA.

No final dos anos 1990 foi desenvolvida a primeira teoria para o desenvolvimento
de DHGNA, baseada na hipotese de que primeiro haveria acumulo hepatico de
triglicerideos (esteatose), o qual aumentaria a susceptibilidade para um segundo
passo ou “golpe” (hit, em inglés) o qual desencadearia a cascata de progressao da
DHGNA. Este efeito seria mediado por citocinas e adipocinas inflamataérias, disfuncao
mitocondrial e estresse oxidativo, que promoveriam inflamacdo no figado. A
progresséo do processo inflamatério levaria a fibrose, perda de fungcéo hepatica e, nos
casos mais graves, poderia levar a cirrose e carcinoma hepatocelular. Por causa da
organizacdo em dois passos, acumulo de lipideos e depois inflamacéo, esta hipétese
foi chamada de two-hit theory (DAY; JAMES, 1998; DAY, 2006).

O acumulo de triglicerideos no figado acontece, basicamente, pelo aumento do

influxo de triglicerideos e/ou diminuicao da capacidade de metaboliza-los. Isto pode
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acontecer devido ao aumento do fornecimento de acidos graxos livres provenientes
do tecido adiposo, aumento da lipogénese de novo, diminui¢cdo da oxidacdo de acidos
graxos, ou ainda pela diminuicdo da secrecdo de triglicerideos através das VLDLs
(BROWNING; HORTON, 2004; ANSTEE; GOLDIN, 2006; MALAGUARNERA et al.,
20009).

A teoria desenvolvida pelos pesquisadores britanicos Day e James em 1998 foi
muito importante pois possibilitou uma estratificacéo e classificagao das fases do
ponto de vista do tempo da doenca. Entretanto, com o passar dos anos foi sendo
observado que o acumulo de triglicerideos hepaticos ndo detinha uma correlacdo
fisiopatolégica com a progressdo da DHGNA. Alguns estudos demonstraram que, pelo
contrario, pacientes com maior capacidade de armazenar lipideos no figado na forma
de triglicerideos teriam relativa protecado para o desenvolvimento de EHNA. Outros
estudos também observaram que a inflamacéo grave poderia acontecer mesmo com
esteatose moderada ou leve (DAY; JAMES, 1998; FELDSTEIN et al., 2004,
YAMAGUCHI et al., 2007; TILG; MOSCHEN, 2010; TINIAKOS et al., 2010).

Dessa forma, a pesquisa da DHGNA progrediu para a identificacdo de agentes
responséaveis pela progressédo da doenga. Diversas moléculas lipidicas se mostraram
capazes de induzir inflamacao no tecido hepatico: diferentes tipos de acidos graxos,
ceramidas, diacilglicerois, lisofosfatidilcolina, colesterol e seus metabolitos oxidados
atuam como indutores da formagéo de espécies reativas de oxigénio (PEVERILL;
POWELL,; SKOIEN, 2014).

Além de lipideos, carboidratos também tém sido associados ao desenvolvimento
de DHGNA. Sacarose tem a capacidade de induzir lipogénese de novo e provocar
rapida progresséo pra EHNA em animais submetidos a dieta deficiente em metionina
e colina, sendo a frutose mais citotoxica do que a glicose para este modelo.
Adicionalmente, alto consumo de frutose causa esteatose hepéatica acompanhada de
deplecdo de fosfato intracelular. A frutose é metabolizada principalmente por
frutocinase, que existe em duas isoformas: frutocinase C e A. A frutocinase C € a
principal isoforma no figado e metaboliza frutose a frutose-1-fosfato rapidamente,
resultando na deplecdo de fosfato e adenosina trifosfato (ATP) intracelular
temporariamente. Em contraste, a frutocinase A metaboliza frutose lentamente, sem

consumo de ATP significativo. Estudos utilizando comundongos knockout tém
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mostrado que a atividade de frutocinase C é responséavel pela esteatose hepética.
Adicionalmente, animais knockout para a frutocinase A apresentaram aumento dos
niveis de lipideos hepaticos devido ao aumento do metabolismo da frutose através da
frutocinase C. O metabolismo de frutose resulta no aumento da rotatividade de
nucleotideos e geracao de &cido Urico que podem ter um papel na inducao de estresse
oxidativo mitocondrial e acumulacao de gordura (PICKENS et al., 2009; ISHIMOTO et
al., 2012).

Entretanto, os mecanismos pelos quais tais compostos, lipideos e carboidratos,
induziriam a inflamagdo ainda ndo sdo completamente conhecidos. Parte da
dificuldade acontece por que a maioria dos estudos tém se dedicado a investigacao
de uma molécula ou processo por vez. Como muitas destas moléculas apresentam
lipotoxicidade, tém-se a ideia de que ha um efeito redundante sobre a progresséo da
DHGNA, no entanto, com o aprofundamento do conhecimento das vias mecanisticas
envolvidas tem sido observado meios de atuacao diferentes. Por outro lado, h&a ainda
a possibilidade de que os diferentes processos convirjam para uma mesma rota, ainda

nao esclarecida.

A inflamacéo caracteristica da EHNA causada por dietas ricas em gorduras ou
carboidratos € desencadeada, em parte, pela ativacdo das vias NF-kB, o qual esta
associada a uma elevada expresséao de citocinas inflamatérias, como TNF-a, IL-6, IL-
1B e ativagdo das células de Kupffer. No paciente com EHNA, os niveis séricos e
hepéticos de TNF-a e IL-6 estdo elevados e se correlacionam com a severidade
histologica, além de promover a resisténcia a insulina (CRESPO et al., 2001; YUAN
etal., 2001; HUl et al., 2004; KLOVER; CLEMENTI; MOONEY; 2005; CAl et al., 2005).

Por causa do dano hepatico, o sistema de reparo tecidual é ativado. Células
mortas sdo substituidas por matriz extracelular e subsequentemente por novos
hepatocitos, através da proliferacdo das células sobreviventes ou de células
progenitoras. Entretanto, com o prolongamento da injuria, como observado na
DHGNA, a formacdo de matriz extracelular € mais rapida do que a capacidade do
tecido de regeneracéo. Isto provoca uma distor¢do na arquitetura tecidual que culmina
maior dano tecidual. Histologicamente, € observada a formacdo das chamadas
“‘pontes” de fibrose entre a veia central e a triade portal no l6bulo hepatico. O processo

de reparo tecidual / fibrose como um todo € promovido pela atuacdo de diversas
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citocinas sintetizadas localmente em resposta ao dano celular, como TGF-§, TNF-q,
fator de crescimento derivado de plaquetas beta e fator de crescimento semelhante a
insulina 1 (RAMADORI; SAILE, 2004; RAMADORI et al., 2007).

O dano fibrético acumulado pode levar a cirrose. Caracterizada pela formacéao
de nddulos regenerativos no parénquima hepatico separados pelo septo fibrético,
resultado de morte celular, deposicdo de matriz extracelular desregulada e
reorganizacdo vascular. Neste estagio observa-se frequentemente insuficiéncia
hepatica e hipertensdo portal. Ciclos sustentados de destruicdo hepatocelular e
proliferacdo compensatoria em resposta a toxicidade metabdlica e oxidativa,
inflamacé&o, imunidade inata e adaptativa, e fibrose criar um ambiente propicio a
carcinogénese. Aberracfes cromossémicas acumulam com a evolucdo da DHGNA
através de cirrose em HCC. Inicialmente, mecanismos epigenéticos podem levar a
hipo- ou hipermetilacdo aberrante de DNA em grupos de CpG nas regides de
promotores e outros segmentos cromossdmicos além de induzir cis- e de
transativacdo e acetilacdo da cromatina. Posteriormente, estas modificacdes
epigenéticas podem levar a lesbes gendmicas estruturais, tais como mutacoes
pontuais, delecdes alélicas multiplas, ganhos cromossdémicos, a erosdo dos teldmeros
e reativacdo da telomerase. Um passo critico nestes processos é a selecdo de
populacdes monoclonais de hepatdcitos pré-malignas ou células progenitoras apartir
da qual emergem HCC (PARADIS et al, 1998, KONDO et al., 2000;
THORGEIRSSON; GRISHAM, 2002; BAFFY; BRUNT; CALDWELL, 2012).

A complexidade da DHGNA tem se mostrado um desafio instigante para os
pesquisadores do mundo todo. Inimeros fatores estao presentes e o entendimento da
maneira como cada um atua € um alvo dificil de ser atingido, principalmente pela
grande interacdo existente. A DHGNA surge como face hepatica de obesidade,
resisténcia insulinica e dislipidemias em uma indissociavel relagdo de causa e efeito
simultdneos e progressivos. Neste cenério, a inflamacdo atua de maneira muito
importante e adiciona ainda mais complexidade ao esclarecimento dos mecanismos
envolvidos. Deste modo, é de fundamental importancia para o entendimento da
DHGNA que sejam feitas pesquisas que investiguem de maneira integrada os
distarbios metabdlicos envolvidos de maneira a formar um quadro mais completo da

fisiopatologia da doenca. Ademais, para que iSso aconteca, € necessaria uma clara
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delimitacdo dos processos iniciais da doenca, o que inclui a identificacdo dos

mecanismos pelos quais as moléculas causadoras da sobrecarga metabdlica atuam.

Por outro lado, a identificacdo destes diversos processos envolvidos com a
doenca hepética transporta a problematica da investigacdo para outras doencas
causadoras de disturbios no figado e, neste caso, promove o retorno para o ponto
inicial da discussdo, a esquistossomose mansoénica. Deste modo, as diferencas
evidentes entre esquistossomose e DHGNA do ponto de vista imunopatologico
podem, ao invés de serem ponto negativo, proverem um ponto de conexdo para o
entendimento de possiveis distlrbios metabdlicos presentes na esquistossomose,

como dislipidemias e resisténcia a insulina (FIGURA 6).

FIGURA 6: Representacdo esquematica do estudo.
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FONTE: Fonseca, 2015.
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4. Objetivos
4.1 Objetivo Geral

Investigar as repercussfes metabodlicas dos Disturbios Hepaticos Crénicos
causados por Esquistossomose Mans6nica Hepatoesplénica e pela Doenca Hepéatica
Gordurosa Néo Alcodlica.

4.2 Objetivos Especificos

— Avaliar as repercussfes da esquistossomose mansonica hepatoesplénica
sobre os niveis de lipideos plasmaticos e sua relagdo com o polimorfismo de ApoE.

— Investigar a influéncia dos geno6tipos de ApoE sobre a chance de infeccéo e

0 desenvolvimento de esquistossomose mansonica hepatoesplénica.

— Pesquisar a existéncia de resisténcia a insulina em pacientes com

esquistossomose mansodnica hepatoesplénica.

— Correlacionar os niveis de lipideos plasmaticos e indices lipidicos com a

resisténcia a insulina em sujeitos com esquistossomose mansoénica hepatoesplénica.

— Investigar a influéncia de dietas ricas em &cidos graxos, colesterol e
sacarose sobre o desenvolvimento de obesidade, resisténcia a insulina, inflamacéo e

dislipidemias.

— Avaliar a influéncia de dietas ricas em acidos graxos, colesterol e sacarose

sobre o desenvolvimento de Doenca Hepatica Gordurosa N&o Alcodlica.
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Abstract

Background: Schistosomiasis mansoni bs a parasitic Iver disease. which causes several metabolic disturbances. Here, we
evaluate the Influence of Apalipoprotein E (AAOE) gene polymorphism, 3 known modulator of Spid metabolism, on plasma
Tipid tevels in patients with hepatosplenic schistosoniasis.

Findings: Blood samples were used for APOE genotyping and to measwre total cholesterol (TC),

LOLC, HOL-C and trighycerides. Schistasomiases patients had reduced TC, LEC-C and triglycerides (25%, 38% and 32% lower,
respectively; P<0.0001) compaced to control individuals, whereas HDL-C was increased (10% higher; P =00136), Frequency
of the caommaon alleles, £2, ¢3 and o, was similar (P = 0.3568] between controls {n = 108 and patients (n =84), mplying that
APGE genotype did not affect susceptibility 1o the advanced stage of schistosomiasis. Nevertheless, while patient TC and
LOLC levels ware 3 reduced for each allele {excapt TC in <2 patients), changes n HDL-C and triglycendes were
noted only for the less common «2 and 4 alleles, The most strking finding, however, was that accepted regulation of
disrupted by schistosomiasis, Thus, while 12 controls had higher TC and LDL-C
parameters were lawer in 12 versus 13 patients. Similardy, the inverse relationship of TG levels in

controls (£2>235cd) was absent in patients (£2 or £d4>¢3), and the increase in HDL-C of £2 or o4 patients compared 0 =3

patients was not seen in the control groups.
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Introduction

Sctibstisonmises, causerd by Selasdoumg masons worin, s oo
W the toon prevalent parasitie discases. Maore than 200 méllion
people are mfeced sl workdwide at leust 280,000 people die
becasive of schistosomiasis every year, most i developing tountrices
[L2). 8. manew infections pragress so hepatic fibrosis asociated
with portal Blood hypertonsine 3] aod 5 10% of patients present
with the most severe form, hepatosplerme schintoscmmsis [1,5]

Provious stucdies Base reparted dhat human schistosominsis altors
st Bipid cotspostibon [69] and metabolon [, Fram gesdinal
mondel anadics, B b groerslly agrecd a8, samosd ledeccon
reduces levels of plaama chileserol and wiglycerides - both
rodensty [1112) and voo-lusoan pramates [1314]. Nevertheless,
the mechanisms behind (hese changes and she possible omse-
gpaences Sor human health are not well understood

PLOS ONE | www plosone.org

Ohnie Lactarr kwnwn so aflect bunsan plasnia liphd concenteations
W Apodpopenscin B APOE, gene; Apol, peosein),  which
listeibautes berween wighyoeraderich Bpoprotesns (venslow density
lipoproteins, VLDL and postprandial chylomicrony sod high-
density lipoproteias (HDLL helpiegg 1o regulae their metabolism
sod she plasma levels of cholesterol and righeende. The APOE
gevee i polymosphic with theee major alleles, €2, €5 and eb, srisng
from oot mustations st 4 sngle gene Jocus W prodoce e
cotnmon peoten soburns, Apobl, B and B4 The parent foom,
ApoEd has eystelne and arginise resdues at possions 112 and
158, respectively, while ApaE2 Ang)38Cw) and Apobd (Cy-
J12Arg) Bave single amino wcid subsimions [15,16). Thoe
variant Apoli isolvrmy bave differem recepaor bindeog activities,
which allect Nipopeotem dearance, while their dilferengal adlisy
fur trlyverichesrich Ipopeoteing infloences lpolyss [17,18)
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e 10 ineffcient recyching of the A4 protein into e Space of
Dise [71). Coomisent with the dusa feom  metsanslyes
13646970, we foand that the mwan TG saloes for control
wnlividaks with 84- and @2allelos wore higher than the £1/63
groep (bough P<005 unly fr etcaviers; Fogare 1D, Unexe
pectedly, the mean TG (2522 48 wg/dL of this ¢4 comrol group
was much higher than soen in other stadios, mcluding dilferent
Meazilian popudations [30-32.22], an unespected finding fe which
wr have no i hate explanacan. OF greaver imoerest, baweyver,
wan that the mean TG Sevel mothe €3763 pationts was higher,
albeit wot sgificant, tun deveds in patiesy cunving €2 or k-
alledes Figore 1D These diun suggest that the mechansmis)
which promotes increased plvoa TG in lrﬂthrn’l-aud l&-

APOE Polysnorphism in Sch sls
the hepmtosplenic form of schis inie. Therrfore, the finds
ﬁundrm’tdymymltwmmﬂp-mlmm
other endeme uress whio p wilh the hepatosplense lorm of

the clivease.

I suenisary, we confirm thas bunsan schistombads caees
dyslipidemnia sl foe the fine time, report tha cenaln changes s
[huuﬁuﬂhehndllmhmoﬁhuv&pﬂhlm
patient APOE gene poly ly, we abo conchod
thot the pormal lrgﬂtbm nfpl-nn Il;nd levels by APOE
thhmwdbyuﬁmminmmt'ﬂlhﬁmﬁq
ety lirthor investigation; I may new i
pathways anel pathelaginl proceees amocisted with hsman
sehiausneniasie In turn, thee may idepstlly mcdecular mges o

carriess b cither lnoperative or bellecine e whi ald of schi ik motbidlty, and perbage sl
patienty, P : , Lo er A\ Coresd
Orw Tenitation of this study e tat it was conducted vely ar o .h::’.‘-’u.l:: T £
M hepital, the Huvknl s Ulinieas, UVPE, which s dhe
o fur 2 s Ju Pecmsluniy Poaie MintmL mm
Here, the Ga dogy Onapatiem Department receves die
trt severe canes of s tanie, vsially pathersts with @ hitory  Comeived sl deignal i CSMF CAN VIML. Nedfiraned
W coe oc more episedes ol gaaminsestinal bloeding and hence e exporinimie ‘W'W BSS ALCTL Anabywl the dainc GSMFP
st af the pats have the b plenic form of the diseise HSS AAFF VEML. Commbiused rangenns maocrad/anabysis tsole VIAL

Maevaver, we Dl o snfiweaticn oo plasenia ligriel Seveds Defore:
lection wo compary walt levels after the patients had developed
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effect of wehivosomiasis. We, and athors, lave previouly reporsed
Towe plasinnn togal cholestesol i B soadies [6,7] and in bofected
agnals [1H-0341] Docsbiod? et al. (1] have shown that whes
far-fed Apoli-deficient mice are infected with §. wonsonr the
fecreawe i plama choliesierl s associated with o 0% reduction
h atherosderntic plu)ur progression, combeent with the low

y ol adher s noted n schisosomisds paticne
l“d!]

Schistosomes need, it do vot synthesize, cholestoral and ane
explanation for veducod host plasna chalosserod & that adult
wortsn baernalize LDL, vis tegpumental peosems asalagons o
tauenalian LDL tecopuons [13], Anoeher suggestion b that the
warmn shed  antigemic  glyeosyl-phosphatichinosind (G PL-an-
choreil profeing mto the ciroaletion, which are sequesered by
bt ll(uqunu—h p.nldn [#4), &uln-qurm. uulud, muk Leaels
o lip | by ah any
Mduwmrmgdl'mhmnhm)«mhrmd
Agazinat both these e harsimns i the Gailure of sime-ses worm 1o
lomver civolaterod durisg momse fesfoetonm [£1], nplying that sdul
worms alone are oot resporsibile amd it the parasite’s egge are
bypocholesseralemic. This conoept b suppucted by La Flamme et
ol [12] wh motesd retoved plasiss <holesteead i mice chmmeeally
wxpowid 10 schistoscene egys, while xu-u-, ot al (lll l‘ound lluu
solubile factoes redeased from 8, { ougs were

anawu.mamm-su i we

APOE Polyenarphism in Sch

The refation of APGE genotypes with HDEAZ was reported by
Beneset et al. [M] 10 be verse and weak with o 3% difference
Isetwarean the €276 ansel £3/24 cartiers, Desptie siall b, we
abw noted a sligha bue sgnificant &l of HDL-C in cootrol e
carriens compared W their £3/63 coursenarts. The seuall (10%)
HDLAC wcreuse i onr schbsowmists patienns (Table 1) was due
mhwwthﬁmaﬂm.blmb(.a(d/d

wave meitr-identical for e and | Can these
iuﬁwt be nqiu-nl' Onr d‘-ruhy e n-n;imn o HDL,
nanwely reverse choleseral

wranspoet, which |hough hnd\im the major HDL peosein, ApoAl,
i infleencord and avasted at vack step by Apoll [57], Thus, inicial
seqquestraton of excos celuler ¢baloaemd l&nl. activation ol the
cholesierol estenilying plasma Secithin ol iyl
trandersse (LOAT) [39] and cholestersd ester delivery 10 the liver
(17640] e all processes shat iovobe ApoE in s Isofomy-

dependent manner. To this rmrplrdl)-, we can overlay HDL
umahnﬁl",r due w S ) lofection and avsociated
infl wnd fibrogenesis. For wr have

rvpnﬂn! ll.u\l' deficiency m hman 7] and animal [13)
hasks, wihide o L CETP activity i a feansee of the
acuteplase vesponse [(47] and rames HIN, levels, pasticularly
ApoE-dch HDL [18,61].
“rmwm.ﬂmdmcthlﬂbb(:mn

poted incteased levels of HDLAC, consistent with an ey report
v alphiadipoproteins were siguiticandy ligher i pateoes with
Babardal hepatic fiieosts (6. By cootrast, infection of Apak-
deBcirnt wce with 5. sowseni corcariae realed in reduced HDEL-
C[11], althowgh levels do noe clamge duriog cimmie expasare 10
scdistisnne oy |lﬂ Hmn\'r. du«l u-u'mhu- ol i anid
bourmsan plasia lipop me lex, us there i 2
m-‘hrddilnrm:cm(h u’[&:mmmhllumd
chodestery] ester tranaler peosoin (CETP b mser increases HDL
levels compured 10 Bumins [45], while much of their LDL
chared rpidly wing ApoE ax Bgand rmher tham the dlow
Apoth il patbay uwed by human LD [46]
Effects of il and indl on on lost lipoprotein
mrsabolistn are pmlt-lurted, Although the acue-phase topanse
lahibine ApaAl synshiesis and lowers HDLC [h.m. iw Mok

! is are o mmulti-step process, promoted by low CETP
activity and enbanced further by the e2allche: Apaki las u higher
affinity than Apol$ ar ApoE far HDL (62}, slowiag the particles
0 expand i size [1867], whille defective ApoE2 recepeor hinding
delays e cdenravce from plawna via hepatic LDL-rocopears
[E78A). A different senarks b requieed 10 explain the HDLAC
Imorease 0 the ehoarrving patlents, sace Apolld asocates poarly
with HDL and has kigh affimiry for LDL receprons, properties
prechcted 10 redice HDE-C. Ome sontative powibiifity is that the

(e !/ npurhv ol i gative ApoEd [64) allows
e e d idized] llDL scudarky as 8
PR et ig [§§5), As oxidied

HOL mpedes nermal reverse cholesteral travmpeart 3133, this
deluy in maneratho may oceease HDLC i patdenn with o4
ulleles,

The plasma tighvcerides change hos moomsistent eesilis s

profound changes sre I structure  and o which
tranvform the HDL fram ang-nf)
pusticis (49 31). Sech p.w.u nhmm - nm t.m ,-. m
be sudied in beg A
inllammation i koawn fo nl;-. reverw cholesiem] cumpoﬂ and
the antioxidam capacity of HDEL (52 51 Endiveet evidener
ongggests that HDL in schisiimomibasis patienns i u poor wmiossdant,
W we previowly foand elevased levels of erythrocye lipid
peroidation [53].

Inh APOE p phism w well-do nied to sffoc

TO waud wu.. for example, nwta-omlyses by Beonet et

al, $36] fomnd differences betworn £2/65 amld €3/ carren, the
st commos genosypes afber 28728, off 8% and 14%, respoce
invely. As mdcated earber, diflferemtial bnding affinities of the
ledividaal ApoE oformy i recrptons and far sarfes of
wighcerdench  lipoprowin  particles anderlie  nech varial

ks us seen i omice earlier roporss [9,11.12]. We olwerved
0% reduction m plasma trighcoendes i SM patienss. The
poechanbonis] casming redioed plisena 16 b wncertaln. It may
siply veflect hower ek of non-HDL lipoproceiss sinee the

wed LOAT defioency of buman schistonomingis increames the
TG satin of core figidy (9], or be inclependent of infectiu-
velaved responses, s pulonary (o with non-infiections orggns
results i low ﬂumm {64 A direet effect unbpu-)hl: mS.
marcnred miected mice luul redhuced hqu expeesian ol soeryl

Y A xyl an bvedd i firy acid
wetabolium [67], Neverthel data ﬁnm anitral sudies are
imconsteent. Tnfecton of nonh Jted in TG rivex

> 0% after ﬂlmmth)\ul-wumm‘l‘bh*um
ropoeted o tise two-fad [1T1] or be urcbanged 710 weeks post-
nl'nrnan [66], or to significandy declive froen the 4" week [68],

[16,08]. We abws noted effects of APOE gesonype on TC and
LDLAC m onr controb s mean vahies were significantly lower in
elcmviers compared 10 the €575 group (PP=00052 and
P= 00057, mapectively), though wnchanged e the eallele
Iorestmpgly, sclissosomansis nbolilwed, sod indeed reversed, this
rulathomships &2 patents bad highes moan TC aml LDEAC than
B3/ed patients, albough oaly the TC differemr  meached
significance (P = 00850
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lywes 1o dasess Mnmm d APOE gromypes with

,s.-.. iighyeerid li suuships, the €2« und
M-wmrr- !m-m' Iudw Irvels than thowe with the #3703
gl"‘"'wl‘ [36,02.50]. For Apobd the simples explasation s
redced hieading a0d delayed beputic cearance of VLDL

I o chaad I B ivoked foe Apolid:

mnpaiced lipotysls becase ApoEd s higher affinity for VLDLL
[17] and, paracaxically as it has bigh secepior bandiag, by the
falbure of ApaFad 10 aceelerase hepane removal of VEDL reminans
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APOE Polysnarphiam In Schitosombasiy
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Figure 1. Effect of APOE gene polymorphism on plasma levels of Total Cholesterol [A], LDL-C [B), HDL-C [C), and Triglycurices (D] in
Control subjects (open bars) and SM patients (filled bars), Mama lipids are expressed o mgidl * = P005 for group of SM patients vs.
Controd of the same allele. Comparkons Detween the different alleles of the same SM patient groug. or of the same Comtrot group, are indicated as
follows: @ »P<005 vi &30 B »P<0.05 vs €2 and 13 Bxact F values e given i Table 3

ok 10,1371/ Jourmal pane.0101964.9001

tiat b oitSe

e Apoll boforas do o alfery prog stahies of incdividuals wilvced with schivosnenbon bave Lol
sclistosoenbons 10 the chrone bepatosplenie conditon, Conet sgneficant  assocutions of cvtokines relaed W the  emane
ably, the comcluson may not bold for the vardier, dess severy respotse [ 3H-40], However, to daee wnd similar to our resaly, no
bepatommratinal wage or for bepatosplenic patents solulivided on stdy T repoeved a link hetween the APOE gene polymoephinm
the extent of Fnvr fGheosis [, Though of mitcres, g APOE alicles anel s hintosomsasie provalmee or severicy

are sugmzested i affoce filirosks progresion m hepatitis C infection The changis we teport i phama lipoproses profiles, rodos-
A7) w o mch larger padient popedation would be needed 1o thons m T and LOEAC and an merease it HDL-C, b comsidered
enae adeguae power lr mbele geaoype elfeves [13], Gene cardiopratective wsd bener can be cogarded ae o beselicial side

Table 3, Values of P from comparisons showed in Figure |
1< LoLc HOLC 1%

Commk vs S\ 3 00001 20001 06337 B2
2 05 noose 00005 ontes
" 00M3 an2e 00113 00152

Comm 2w neosz amsr s OTME
(5 22N 005 0Les 06425 CONE
v eA navso arsm omn nooot

B 23 apa5s 033 <ontot 03356
12 v e n&MG a3y a01 09s
vk 00538 01843 Q0433 e

ANOVA Tokewndd by Fishars LSO toit

dot 10037 0104864 1003
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dan ol HDLC was sgmificantly incroansd m the guatiens (1%
bigher; P=00130) (Tablke 11

T assess the infloence of APOE gene polyeaorphism on plass
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Methods

Ethical Statement
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Fihical Guadefines of the Helimbd Declarution, Participants were
voluiteersoursd all vged an lisformed comsent stalement uller o (ull
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Study Area and Subjects
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ks sk i fhe G lonty Outpatient Deg at

the “Haospital das Clinicas - UFPE” were vecrulved during 2008
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were drawn from the wine age grovp (165 yeurs] and
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Sample Collection and Processing
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phocesis and ssained with ethidiven bromide (0.5 mg/LL

Genvtyping was performed with blinding to sbject sdestiny.
Seqquence-peoven conrols were run with cach PCK. A candom 1/
ool samples were genotypeel again on snother day o
dibcrrpancies were olwenvid

Stalktﬁ.'al Analysis
I e duesolfit 1t was wed 10 saess

dnhﬁnn rmm Hudy-\\ bag equilibenm for ench polymor
pehibsn aned 10 compare casegatical paransoson among groups, All
continsous viraldes were checked for pormalny ad peesest o
Gausian disribution.  Unpabed prest was wsed w0 compare
differences continuous variables of SM patients und
vantol edividssk, while APGE alloke groups were analyaed by
vaewey ANOVA fallowed by Fisher's Protected Least Significant
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subsjects were cabegorteed into three groups: £2 curiers (£2/62+
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Results
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ABSTRACT

Background: Schistosomiasis is a parasitic disease that causes serious liver injuries. In
some subjects with impaired fasting glucose, hepatic and extrahepatic insulin resistance
seems to be responsible for postprandial glucose intolerance even in absence of
dyslipidemia feature of the state of insulin resistance. The main objective was to
investigate insulin resistance in patients with hepatosplenic schistosomiasis mansoni
without spleen surgery (HS) and with splenectomy (HSS).

Methodology/Principal Findings: A cross-sectional study was conducted in 83 HS and
46 HSS Brazilian patients, which were characterized by ultrasonography, and 111 non-
infected individuals, in 2010-2011. Total Cholesterol (TC), HDL-cholesterol (HDL-c),
LDL-cholesterol (LDL-c), VLDL-cholesterol (VLDL-c), Triglycerides (TG), plasma
glucose, insulin, Homeostasis Model Assessment Insulin Resistance (HOMA-IR),
TC/HDL-cl, LDL-cl/HDL-c and TG/HDL-c were determined. Xz test, ANOVA and
Pearson’s correlation (p<0.05) were used for statistical analysis.

Results: The lipid profile was abnormal in HS and HSS in comparison to controls. TC
and LDL-c were significantly reduced only in HS patients, whilst HDL-c was increased
in HS and HSS. On the other hand, both patient groups showed lower levels of TG and
VLDL-c, as well as the ratios TC/HDL-c, LDL-c/HDL-c and TG/HDL-c. Furthermore,
as indicated by HOMA-IR, hyperinsulinemia/insulin resistance was present in HS and
HSS patients, but its correlation with TG, VLDL-c, and TG/HDL-c was absent or
negative respectively. On the other hand, as expected for the control group, the
correlations between insulin resistance with these lipid levels and this ratio were positive.
Conclusion/Significance: Hyperinsulinemia/insulin resistance state was present in  HS
and HSS patients, despite its nonexistent or negative correlations with TG and with
TG/HDL-c which are considered usual lipid markers for insulin resistance.
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Short title: Insulin Resistance in Schistosomiasis

Key words: Hyperinsulinemia, Insulin Resistance, Hepatosplenic Schistosomiasis
mansoni, Absence of Dyslipidemia, Lipid Ratios.

Author Summary

Schistosomiasis mansoni is a parasitic disease which may cause serious injuries to liver

function. Although hepatic damage being a classical factor for disruption ininsulin
acting, there are not known evidences of impaired insulin action in schistosomiasis
patients. Furthermore, schistosomiasis also causes significant disturbances on lipid
metabolism, which in turn may contribute to the genesis of insulin resistance. The present
study aim to investigate insulin resistance in patients with hepatosplenic schistosomiasis
mansoni who underwent splenectomy (HSS) and without splenectomy (HS), and its
relation with lipid metabolism. Analyze of blood sample from patients indicated that
although glucose levels were normal, a significant increase in insulin concentration was
found in both group of patients. Also, HOMA-IR analysis demonstrated that
hyperinsulinemia/insulin resistance was present in HS and HSS patients, despite its usual
lipid markers for insulin resistance, triglycerides (TG) and TG/HDL-cholesterol were
absent or negative. These results demonstrate that chronic schistosomiasis causes a
condition of insulin resistance independent of lipid disorders. Therefore, we suggest that
plasma insulin levels of patients with schistosomiasis should be monitored in order to
prevent the development of insulin resistance and its consequences, and thus, ameliorate
the morbity associated with schistosomiasis mansoni.

Introduction

Liver exerts an important role in the homeostasis of carbohydrates promoting the
balance of the plasma glucose concentration. Hepatic diseases that promote liver
dysfunction are potential factors to trigger alterations in glycemic metabolism. Some
studies have indicated the possibility that these changes have a close association with
insulin homeostasis disorders (1).

Insulin resistance is the major and/or the prior feature of the diabetes, metabolic
syndrome, cardiovascular diseases, i. €., a series of chronic degenerative diseases most
prevalent around the world (2, 3). Furthermore, the state of hyperinsulinemia/insulin
resistance in liver chronic diseases is emerging as a very important metabolic disturbance
of host with viruses, as for example hepatitis C, host with cirrhosis, or with some kind of
parasites, and this alteration in the response of the organism to the insulin has been related
to steatosis development, onset and progression of fibrosis, and alterations in the response
of the host to the conventional treatments (4, 5).

Schistosomiasis is a parasitic disease present in regions of tropical and subtropical
climates and, approximately, 200 million people in world are infected by the disease. In
Brazil, the etiologic agent of schistosomiasis is Schistosoma mansoni that infects about
2,5 million people (6, 7). The pathology of the schistosomiasis is composed of two stages,
acute and chronic. The chronic phase is characterized by commitment of organs and
tissues caused by granulomatous reactions and fibrosis, which are activated by the
deposition of parasite eggs. The chronic phase is subdivided into three sub-phases or
forms of the disease: Intestinal Schistosomiasis (IS); Hepatointestinal ~ Schistosomiasis
(HI); and Hepatosplenic Schistosomiasis (HS). HS stage is the most advanced in  which
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the greatest damage occurring in the hepatic parenchyma, portal hypertension and liver
congestion, and sometimes the patients require splenectomy surgery for removing the
spleen (HSS) (8, 9).

Schistosomiasis mansoni still affects a good part of the population, and the
possibility of its presence is related to the framework of hyperinsulinemia and insulin
resistance, concomitantly to the liver damage, makes to see that it still has many issues to
be studied and understood about this pathology, including the possible link endocrine and
metabolic disorders and the infectious and parasitic diseases. Besides, the presence of
impaired glucose tolerance was observed in hepatic schistosomiasis, in 1974, but in the
following decades there was an apparent lack of studies relating diabetes, for example,
and schistosomiasis (10). However in the last years, this hypothesis has been raised, and
new studies have been made, and the results have been presented discordant of this
thematic, emphasized by the fact that the lipid profile from patients with schistosomiasis
mansoni is better than in individuals without the contact with this parasite, since thatone
of the major abnormalities seen in individuals with insulin resistance is the dyslipidemia,
apart from glicose, another one of the major abnormalities seen in individuals with insulin
resistance is the dyslipidemia, which is characterized by a significant increase in plasma
triglycerides and decrease in HDL-cholesterol levels (11-14). It was suggested that
infection by Schistosoma mansoni, in turn, may prevents insulin-dependent diabetes
mellitus in experimental animals, and it was observed an association between previous
schistosome infection and a lower prevalence of diabetes and a better metabolic profile
in Chinese (14, 15). On the other hand, it has been reported a relation between insulin and
Schistosoma. It was highlited the role of the insulin on development of schistosomula,
pointing to the fact that this hormone greatly increases both the rate and the extent of
resistance of schistosomula to antibodies and complement system. Besides, insulin
receptors have been identified in Schistosoma japonicum that can bind to human insulin,
and the insulin regulates the glucose uptake in Schistosoma mansoni (16-18).

Thus, depending on the species of Schistosoma, the stage of the disease, the degree
of liver involvement, the presence of treatment, splen surgery, the population studied, and
all this taken together with the damage that hyperinsulinemia/insulin resistance may
cause, itis important investigate the dysfunction in glucose metabolism and insulinemic
profile in patients with schistosomiasis.

Therefore, the present study aim to investigate insulin resistance in patients with
hepatosplenic form of schistosomiasis mansoni (splenectomized and non-
splenectomized), and to access the lipid and lipoprotein profile, to investigate possible
correlations between insulin resistance and lipid concentrations. Besides, the present
study evaluated the lipid ratios known as Castelli indexes, | (Total Cholesterol/LDL-
cholesterol) and 1l (LDL-cholesterol/HDL-cholesterol), which are indexes to access the
probability of occurrence and development of cardiovascular diseases; and the lipid ratio
Triglycerides/HDL-cholesterol, which is a possible marker to insulin resistance and to
access cardiovascular risk.

Materials and Methods
Ethical Statement

The whole study was planned and executed following the Ethical Guidelines of
the Helsinki Declaration and fulfilled recommendations 196/1996 from the Brazilian
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National Health Council for research involving humans. A written informed consentwas
obtained from all the participants after a full explanation about the scope of the study,
such as objectives, procedures and potential risks. Ethical approval for all procedures was
obtained from the Ethics Committee of Human Research of the Health Sciences Center
of the Federal University of Pernambuco (Protocol number CEP/CCS/UFPE N°359/08).

Study subjects

A hundred twenty nine patients that were diagnosed with the HS form of
schistosomiasis mansoni attended into the Gastroenterology Outpatient at the  Hospital
das Clinicas of the Universidade Federal de Pernambuco were recruited from 2009 to
2011. These patients were divided into two groups — HS without splenectomy surgery (n
= 83; 34.6% of the total of participants); and HSS patients who underwent splenectomy
surgery (n = 46; 19.2% of the sample). All patients had a history of contact with water
within an endemic area. The diagnosis of schistosomiasis was based on clinical history,
physical examination and on upper abdominal ultrasonography conducted by a qualified
and experienced examiner, according to the WHO protocol for ultrasound assessment of
schistosomiasis-related morbidity (19). Moreover, 111 (46.2%) non-infected individuals
from same socioeconomic conditions without epidemiological history compatible  with
schistosomiasis enrolled this study and composed the control group. Three  stool
examinations were taken in control group, in order to exclude infection, by the Kato-Katz
method. The subjects were excluded if they presented the following clinical conditions:
Hepatitis B or C infection, chronic kidney disease, thyroid dysfunction, collagenosis,
blood diseases or cancer. Patients also were excluded if they reported alcohol abuse (>60
g ethanol/day for men and >40 g/day for women) or use of lipid-lowering drugs. The
hepatosplenic schistosomiasis patients were treated with praziquantel (50 mg/Kg) prior
to the study.

Processing of samples and measurement of biochemical parameters

Blood samples were collected into three vacuum tubes in aseptic conditions
(Vacutainer; Becton Dickinson, USA). The first tube containing EDTA-K3 (1 mg/mL) at
a 1:9 ratio was used for determination of insulin levels, and the second tube with Sodium
Fluoride (1 mg/mL) was used for glucose determination, while the third blood collection
tube, without anticoagulant, was used for liver function and lipid profile analyses.
Besides, the plasma and serum were isolated after centrifugation (Sorvall, USA) at 1,500
x g for 15 minutes and the all samples were stored in 0.5 ml aliquots at -80° C.

Plasma concentration of insulin was measured by electrochemiluminescence
“ECLIA” (ROCHE-USA) using Cobas C501 analyzer (ROCHE-USA). Plasma levels of
glucose, total cholesterol (TC), triglycerides (TG) and HDL-cholesterol (HDL-c) were
determined by enzymatic spectrophotometry (Roche, Diamond Diagnostics, USA). LDL-
cholesterol (LDL-c) and VLDL-cholesterol (VLDL-c) were determined by Friedewald
equation [LDL-c = TC — HDL-c — VLDL-c; VLDL-c = TG/5]. Lipid ratios  of
cardiovascular risk, known as (?)Castelli indexes | and Il, were assessed through
TC/HDL-c and LDL-c/HDL-c.

Insulin resistance was accessed by Homeostasis Model Assessment Insulin
Resistance — HOMA-IR [fasting glucose (mmol/L) x fasting insulin (uU/ml)/22.5] and
TG/HDL-c ratio (20, 21).
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Hepatic tests were also evaluated using hepatic enzymes: aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
y-glutamyltransferase (GGT) and albumin levels were quantified by automated
spectrophotometry (Cobas C501, Roche, Diamond Diagnostics, USA).

Statistical analysis

The results were expressed as mean + Standard Error of Mean. One-way analysis
of variance (ANOVA) followed by Fisher’s protected least significant difference (PLSD)
was used to compare continuous variables among groups. Pearson’s correlation test was
used to estimate the association between continuous parameters and 2 test to compare
categorical parameters, as gender, to investigate this possible confusion variable.
Statistical significance for all comparisons was assigned at p < 0.05. All tests were
performed using Statview SAS Inc. (1998, NC, USA).

Results

Among the 240 subjects that participated of this study, the means of age (+
S.E.M.) in the three groups were: 49.9 £ 1.4 years in HS patients; 48.1 + 1.3 years in HSS;
and 48.0 £ 1.6 in control group. Thus, statistical differences related to age were not found
among the groups. The same was observed to gender (y?= 4.180; p = 0.1237).

Biochemical parameters that reflect liver function are demonstrated in Table 1. In
summary, patients with schistosomiasis mansoni presented lower serum levels of
albumin, and increased levels of the liver enzymes, when compared to the levels obtained
from the control group. HSS patients had significantly higher levels of GGT than HS
patients.

Serum lipid concentrations and lipid ratios were also determined and their values
are in Table 2. HSS patients presented concentrations of TC and LDL-c similar to those
found in the control individuals, unlike what happened in the HS patients. This group had
lower concentrations of TC and LDL-c when compared to the control group, and the
levels of LDL-c were also significantly lower in HS group than those found in HSS. On
the other hand, concentrations of HDL-c were significantly higher in subjects with
schistosomiasis mansoni than in non-infected individuals. However, concentrations  of
VLDL-c, triglycerides, and the lipid ratios (TC/HDL-c, LDL-c/HDL-c, and
Triglycerides/HDL-c) were significantly decreased in the patients with hepatosplenic
schistosomiasis mansoni, regardless of splenectomy.

HS and HSS patients had plasma levels of glucose statistically identical, as shown
in Figure 1. However, the plasma levels of insulin were significantly higher in the patients
with hepatosplenic form of the schistosomiasis mansoni, with or without removal of the
spleen, when compared with the levels found in individuals who have never come into
contact with the parasite, also as shown in Figure 1.

HOMA-IR values were significantly increased in HS (increase of approximately
45%) and HSS (increase of almost 70%) patients when compared to values obtained in
the control group. Values of HOMA-IR and statistical differences among the groups are
in Figure 2.

Table 3 shows the correlations between the values of HOMA-IR and the levelsof
lipids as well as between the values of HOMA-IR and the values of the lipid ratios, in HS
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and HSS patients and in non-infected individuals. The HOMA-IR values correlated
positively and significantly to levels of TC, LDL-c, VLDL-c, Triglycerides, and to values
of TC/HDL-c, and Triglycerides/HDL-c, in normal individuals, without schistosomiasis
mansoni. HS patients did not present significant correlation between HOMA-IR values
and lipid concentrations and lipid ratios. In turn, HSS patients showed significant
correlations, however negative correlations, between HOMA-IR values and levels of
Triglycerides, VLDL-c, and the lipid ratio TG/HDL-c.

Discussion

Bloodworth (1961) already highlited the association of several disturbances of
carbohydrate metabolism with chronic liver diseases (22). However, nevertheless this
association remains under discussion. Fartoux et al. (2005) reported a possible
relationship between insulin resistance and hepatitis C, a chronic liver disease, and their
study showed that insulin resistance is the cause than the consequence of fibrosis and
steatosis in individuals with hepatitis (23). Kruszynska et al. (1991) observed that
cirrhotic individuals, after taking oral glucose, responded with a hypersecretion of insulin,
4 to 6 times longer than the response obtained by the control group (24). Though Wang
et al. (2008) did not find association between insulin resistance and hepatitis B, another
chronic liver disease (25).

In our study, the patients with hepatosplenic schistosomiasis mansoni, regardless
the splenectomy, presented normal glycemia, however these patients also presented
increase in the insulin plasma levels and higher HOMA-IR values, showing a tendency
for hyperinsulinemia/insulin resistance. In turn, Chen et al. (2013) have suggested a
protecting effect of the schistosoma infection against diabetes, since rural Chinese
presented a lower prevalence of diabetes when had a history of previous schistosome
infection (14).

On the other hand, the findings of Sukkar, Omer, and ElI Din Ahmed (1974)
already indicated that a degree of glucose intolerance occurs in hepatic schistosomiasis
even before the development of ascites (10). However insulin resistance in hepatic
schistosomiasis is still discussed, considering that individuals with schistosomiasis
mansoni present a better lipid profile, as reported by Chen et al. (2013) (14), and since
hyperinsulinemia/insulin resistance are directly related to certain lipid disorders —
hypertriglyceridemia and decrease of the levels of HDL-c, as defined by Reaven (2005)

@)

In the present study, it was observed that patients with hepatosplenic
schistosomiasis mansoni, even without changes in the glucose levels, may have insulin
resistance despite the absence of dyslipidemia feature. We found that the patients with
schistosomiasis mansoni in the hepatosplenic form, regardless of whether these patients
made splenectomy surgery, presented a significant reduction in the levels of triglycerides
and in the cholesterol content of their correlated lipoprotein, VLDL-c, which corroborates
with Stanley et al. (2009) (26). Besides, HS and HSS patients presented lower values of
the lipid ratios, TC/HDL-c, LDL-c/HDL-c, and Triglycerides/HDL-c; and HS  patients
showed no correlation between their HOMA-IR values and lipid concentrations or lipid
ratios values, though TC/HDL-c and LDL-c/HDL-c are two important predictors of
cardiovascular risk, as described by Castelli (1983) (27), and though Triglycerides/HDL-
c is a good surrogate marker for insulin resistance and a candidate to estimate the
cardiovascular risk, as suggested by Reaven (2005) (03). It is still unclear the role of
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schistosomiasis in the genesis of atherosclerotic cardiovascular disease, as can be seen in
Doenhoff et al. (2002) (11) when contrasted with La Flame et al. (2007) (12).

Our results also demonstrated a negative correlation between insulin  resistance,
through HOMA-IR values, with Triglycerides and Triglycerides/HDL-c, in
splenectomized patients, i.e., even with lower levels of triglycerides and
Triglycerides/HDL-c, the values of HOMA-IR increased considerably. This tendency for
insulin resistance may contribute to increased hepatic and systemic injury, as warned by
Dandona et al. (2003) (28), Fartoux et al. (2005) (23). Another study, of Kostandi et al.
(2011), also warms against the presence of insulin resistance in chronic liver disease.
Kostandi et al. (2011) (05) reported an increased HOMA-IR score in subjects with chronic
hepatitis C reflecting the existence of IR irrespective of treatment response. In the
schistosomiasis, the increase of HOMA-IR is based in the increase of insulin plasma
levels, perhaps the parasite causes stimulation of this production, trough  inflammatory
response. High levels of 1L-17, as observed in schistosomiasis patients by Mbow et al.
(2013) (29), were associated with insulin resistance by Ohshima et al. (2012) (30). It also
was shown that fibrosis was associated with hyperinsulinemia in non-diabetic patients, as
reported Kimura et al. (2011) (31). Possibly hyperinsulinemia occurs due to diminished
hepatic insulin degradation rate in patients with hepatosplenic schistosomiasis mansoni,
as suggested by Pimenta et al. (32), to the hyperinsulinemia in individuals with hepatitis
C.

HS patients also presented lower levels of TC and LDL-c, which corroborates with
Lima et al. (1998) (33) who have suggested that the cholesterol content in the plasma
decreases with concomitant increases in erythrocyte membranes; with Doenhoff et al.
(2002) (11), who proposed a reduction in blood total cholesterol concentrations by
modulating host lipid metabolism; and with La Flamme et al. (2007) (12), who emphasize
that the chronic exposure to Schistosoma mansoni eggs causes a reduction in the
concentrations of TC and LDL-c, possibly due to a possible increase in uptake by
macrophages. However, splenectomized patients presented concentrations of TC  and
LDL-c similar to those found in the control individuals. These findings corroborate with
results of another study conducted in our laboratory, Silva et al. (2002) (34), in which it
was observed that individuals undergoing splenectomy also showed plasma
concentrations of TC and LDL-c similar to the control group. However, regardless
splenectomy, hepatosplenic patients had levels of HDL-c, in this study, higher than
control individuals, disagreeing with Doenhoff et al. (2002) (11) and corroborating with
Chen et al. (2013) (14). Our patients also had decrease in albumin concentration and
increase in hepatic enzymes, demonstrating an impairment of liver dysfunction, according
to Mansour et al. (1982) (35).

Thus, despite a better lipid profile with lower concentrations of TC, LDL-c and
Triglycerides, higher concentrations of HDL-c, and lower values of lipid ratios, which
predict a lower cardiovascular risk, this risk, as well as the risk to diabetes, and to
metabolic syndrome, regardless lipid alterations, may be increased, since the
hyperinsulinemia/insulin resistance state is installed in hepatosplenic schistosomiasis
mansoni, splenectomized or non-splenectomized, remembering that this state of insulin
resistance can in turn trigger many other diseases and metabolic disorders. Hence
individuals with chronic schistosomiasis should be monitored, even after treatment to
schistosomiasis, in order to prevent the development of insulin resistance and its
consequences.



326
327
328
329
330
331
332
333
334

335
336
337
338
339
340
341
342

343

344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370

Repercussoes Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M. 64

Author Contributions

Pimenta Filho AA, Santos BS, Fonseca CSM and Lima VLM designed the study protocol,;
Pimenta Filho AA, Santos BS, Fonseca CSM, Leite LAC, Domingues ALC and Lima
VLM realized biochemical assays and were involved in analysis and interpretation of all
the data; Pimenta Filho AA, Santos BS and Fonseca CSM did statistical analysis; Pimenta
Filho AA, Santos BS, Fonseca CSM and Lima VLM contributed to drafting the
manuscript and/ or critically revising the paper and intellectual content. All authors read
and approved the final manuscript.

Acknowledgements

The authors gratefully acknowledge to CAPES — Coordenacéo de Aperfeicoamento de
Pessoal de Nivel Superior, CNPqg — Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico, and FACEPE — Fundacdo de Amparo a Ciéncia e Tecnologia do Estado de
Pernambuco, for financial support.

References

1. Garcia-Compean D, Jaquez-Quintana JO, Gonzalez-Gonzalez JA, Maldonado-Garza
H 2009 Liver cirrhosis and diabetes: Risk factors, pathophysiology, clinical implications
and management. World J Gastroenterol 15(3): 280-288.

2. Wild S, Roglic G, Green A, Sicree R, King H 2004 Global prevalence of diabetes:
estimates for the year 2000 and projections for 2030. Diabetes Care 27:1047-1053.

3. Reaven GM 2005 The insulin resistance syndrome: definition and dietary approaches
to treatment. Annu Rev Nutr 25:391-406.

4. Romero-Gomez M 2006 Insulin resistance and hepatitis C. World J Gastroenterol
12(44):7075-7080.

5. Kostandi I, Bahgat M, Zayed N, Rashed L 2011 Assessment of insulin resistance and
insulin growth factor-1 in Egyptian patients with chronic hepatitis C. OJEMD 1:1-8.

6. Amaral RS, Porto MAS 1994 Evolucéo e situagéo atual do controle da esquistossomose
no Brasil. Revista da Sociedade Brasileira de Medicina Tropical 27:73-90.

7. Engels D, Chitsulo L, Montresor A, Savioli L 2002 The global epidemiological
situation of schistosomiasis and new approaches to control and research. Acta Tropica
82:139-146.

8. Blanchard TJ 2004 Schistosomiasis. Travel Medicine and Infectious Disease 2:5-11.
9.Gryseels B, Polman K, Clerinx J, Kestens L 2006 Human Schistosomiasis.  Lancet
368:1106-1118.

10. Sukkar MY, Omer AHS, EI Din Ahmed N 1974 Impaired glucose tolerance in hepatic
schistosomiasis. Trans R Soc Trop Med Hyg 68(4):327-332.

11. Doenhoff MJ, Stanley RG, Griffiths K, Jackson CL 2002 An anti atherogenic effect
of Schistosoma mansoni infections in mice associated with a parasite-induced lowering
of blood total cholesterol. Parasitology 125:415-421.

12. La Flamme A C, Harvie M, Kenwright D, Cameron K, Rawlence N, Low YS,
Mckenzie S 2007 Chronic exposure to Schistosome eggs reduces serum cholesterol but
has no effect on atherosclerotic lesion development. Parasite Immunology 29:259-266.



371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

Repercussoes Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M. 65

13. Ramos TMB, Vasconcelos AS, Carvalho VC, Lima VLM 2004 Alterac6es nos niveis
de colesterol, triglicerideos e fosfolipideos total em plasma de Callithrix jacchus (sagui)
reinfectado por Schistosoma mansoni. Rev da Soc Bras de Med Trop 37:37-40.

14. Chen Y, Lu J, Huang Y, Wang T, Xu Y, Xu M, Li M, Wang W, Li D, Bi Y, Ning G
2013 Association of previous schistosome infection with diabetes and  metabolic
syndrome: a cross-sectional study in rural China. J Clin Endocrinol Metab 98:E0000-
E0000.

15. Cooke A, Tonks P, Jones FM, O’Shea H, Hutchings P, Fulford AJC, Dunne DW 1999
Infection with Schistosoma mansoni prevents insulin dependent diabetes mellitus in non-
obese diabetic mice. Parasite Immunology 21: 169-176.

16. Levi-Schaffer F, Smolarsky M 1981 Schistosoma mansoni: effect of insulin and a
low-molecular-weight fraction of serum on schistosomula in chemically defined media.
Experimental Parasitology 52:378-385.

17. Ahier A, Khayath N, Vicogne J, Dissous C 2008 Insulin receptors and glucose uptake
in the human parasite Schistosoma mansoni. Parasite 15:573-579.

18. You H, Gobert GN, Duke MG, Zhang W, Li Y, Jones MK, McManus DP 2012 The
insulin receptor is a transmission blocking veterinary vaccine target for zoonotic
Schistosoma japonicum. International Journal of Parasitology 42:801-807.

19. Niamey Working Group 2000 Ultrasound in schistosomiasis: a practical guide to the
23 standardized use of ultrasonography for the assessment of schistosomiasis-related
morbidity. 24 Geneva: World Health Organization. TDR/STR/SCH/00.1.

20. Haffner SM, Mlettinen H, Stern MP 1997 The Homeostasis Model in the San Antonio
Heart Study. Diabetes Care 20(7):122-128.

21. Hiebicek J, Janout V, Malinéikova J, Horakova D, Cizek L 2002 Detection of Insulin
Resistance by Simple Quantitative Insulin Sensitivity Check Index QUICKI for
Epidemiological Assessment and Prevention. J Clin Endocrinol Metab 87:1.

22. Bloodworth JMB 1961 Diabetes mellitus and cirrhosis of the liver. Arch Intern Med
108:695-699.

23. Fartoux L, Poujol-Robert A, Gue'chot J, Wendum D, Poupon R, Serfaty L 2005
Insulin resistance is a cause of steatosis and fibrosis progression in chronic hepatitis C.
Gut 54:1003-1008.

24. Kruszynska YT, Home PD, Mcintyre N 1991 Relationship between insulin

sensitivity, insulin secretion and glucose tolerance in cirrhosis. Hepatology 14:1, 103-

111.

25. Wang C-C; Hsu C-S, Liu C-J, Kao J-H, Chen D-S 2008 Association of chronic
hepatitis B virus infection with insulin resistance and hepatic steatosis. J ~ Gastroenterol
Hepatol. 23(5):779-782.

26. Stanley RG, Jackson CL, Griffiths K, Doenhoff MJ 2009 Effects of Schistosoma
mansoni worms and eggs on circulating cholesterol and liver lipids in mice.
Atherosclerosis 207:131-138.

27. Castelli WP 1983 Cardiovascular disease and multifactorial risk: challenge of the
1980s. Am Heart J 106(5):1191-1200.

28. Dandona P, Aljada A, Chaudhuri A, Bandyopadhyay A 2003 The Potential Influence
of Inflammation and Insulin Resistance on the Pathogenesis and Treatment of
Atherosclerosis-Related Complications in  Type 2 Diabetes. Cardiovascular
Endocrinology: Special Features 88 (6): 2422.

29. Mbow M, Larkin BM, Meurs L, Wammes LJ, de Jong SE, Labuda LA, Camara M,
Smits HH, Polman K, Dieye TN, Mboup S, Stadecker MJ, Yazdanbakhsh M 2013 T-
helper 17 cells are associated with pathology in human schistosomiasis. J Infect Dis
207(1):186-195.



421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

Repercussoes Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M. 66

30. Ohshima K, Mogi M, Jing F, lwanami J, Tsukuda K, Min LJ, Higaki J, Horiuchi M
2012 Roles of interleukin 17 in angiotensin Il type 1 receptor-mediated insulin resistance.
Hypertension 59(2):493-499.

31. Kimura Y, Hyogo H, Ishitobi T, Nabeshima Y, Arihiro K, Chayama K 2011
Postprandial insulin secretion pattern is associated with histological severity in non-
alcoholic fatty liver disease patients without prior known diabetes mellitus. J
Gastroenterol Hepatol 26(3):517-722.

32. Pimenta WP, Santos ML, Cruz NS, AragonFF, Padovani CR, Gerich JE 2003 Insulin
secretion, insulin sensitivity, and hepatic insulin extraction in first-degree relatives of type
2 diabetic patients. Brazilian Journal of Medical and Biological Research 36(3):301-308.
33. Lima VLM, Sena VLM, Stewart B, Owen JS, Dolphin PJ 1998 An evaluation of the
marmoset Callithrix jacchus (sagui) as an experimental model for the dyslipoproteinemia
of human Shistosomiasis mansoni. Biochemistry et Biophysic Acta 1393:235-243.

34. Silva SN, Oliveira KF, Brandt CT, Lima VLM 2002 Estudo dos lipidios em jovens
portadores de esquistossomose hepatoesplénica submetidos a tratamento cirdargico. Acta
Cirdrgica Brasileira 17 (4):247.

35. Mansour MM, Farid Z, Bassily S, Salah LH, Watten RH 1982 Serum enzyme tests in
hepatosplenic schistosomiasis. Trans R Soc Trop Med Hyg 76(1):109-111.



440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

Repercussoes Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M. 67

TABLE 1. Biochemical Parameters of Liver Function of Patients with Hepatosplenic
Schistosomiasis Non-splenectomized (HS) and Splenectomized (HSS) and Non-infected
Controls.

Characteristic Hepatosplenic Patients p-value

s Controls HS HSS C vs. HSC vs. HSS HHSS\éS

Albumin

/dL 446+0.03 4.05+0.05 4.01+0.05 <0.0001 <0.0001 ns
sgST ZU/L) 23.8+05 45225 469+19 <0.0001  <0.0001 ns
ALT (U/L) 21.8+04 388%x22 431+26 <0.0001 <0.0001 ns
ALP (U/L) 68.1+49 137.0+56 1326+8.1 <0.0001 <0.0001 ns
GGT (U/L) 585+7.0 1204+89 237.4+89 <0.0001 0.0006 ns

Abbreviations: AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; AP,
Alkaline Phosphatase; GGT, Gamma Glutamyl Transferase; ns, no significance. Values
expressed as meantStandard Error (SE). One-way ANOVA followed by Fisher’s PLSD post
test.
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TABLE 2. Serum Lipid Concentrations and Values of Lipid Ratios in Patients with
Hepatosplenic Form of Schistosomiasis, Non-splenectomized (HS) and Splenectomized
(HSS), and Non-infected Controls.

Hepatosplenic Patients p-value
Characteristics Controls
HS HSS C vs. HS Cs. HS vs
HSS HSS
TC (mg/dL) 1974 +3.3 178.8+48 189.5+6.0 0.0012 ns ns

LDL-c (mg/dL) 123.9+2.7 102.8+4.4 121.6+51 p<0.0001  ns 0.0026
HDL-c (mg/dL) 45.3+08 56.0+1.4 57.3+1.6 p<0.0001 p<0.000L  ns
VLDL-c (mg/dL) 254+10 17.8+0.7 154+0.7 p<0.0001 p<0.0001  ns

TG (mg/dL) 140.1+7.7 88.0+x34 818+45 p<0.0001 p<0.0001 ns
TC/HDL-c 461+0.12 336+0.11 3.45+0.11 p<0.0001 p<0.0001 ns
LDL-c/HDL-c  3.06+0.08 1.98+0.10 2.27+0.11 p<0.0001 p<0.0001 ns
TG/HDL-c 337+0.19 176+0.09 158+0.11 p<0.0001 p<0.0001 ns

Abbreviations: TC, Total Cholesterol; TG, Triglycerides; ns, no significance. Values expressed
as meanzStandard Error (SE). One-way ANOV A followed by Fisher’s PLSD post test.
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470  Table 3. Pearson’s Correlation (r) Between HOMA-IR Values and Lipids in Chronic
471  Schistosomiasis.

Parameters Groups r 95% ClI p value
Control 0.219 0.090 to 0.341 0.0010
TC (mg/dL) HS -0.128 -0.320 t0 0.075 0.2148
HSS 0.035 -0.246 t0 0.310 0.8113
Control 0.152 0.019 t0 0.279 0.0257
LDL-c (mg/dL) HS -0.092 -0.287 t0 0.110 0.3727
HSS 0.070 -0.213t0 0.341 0.6322
Control -0.031 -0.162 t0 0.101 0.6457
HDL-c (mg/dL) HS -0.185 -0.367 to 0.009 0.0619
HSS -0.018 -0.295 to 0.262 0.9030
Control 0.173 0.040 to 0.300 0.0107
VLDL-c (mg/dL) HS -0.008 -0.206 t0 0.191 0.9392
HSS -0.340 -0.565 to -0.068 0.0152
Control 0.192 0.062 to 0.316 0.0039
TG (mg/dL) HS -0.007 -0.109 to 0.096 0.8971
HSS -0.317 -0.547 to -0.042 0.0246
Control 0.168 0.037 t0 0.293 0.0123
TC/HDL-c HS 0.002 -0.198 t0 0.203 0.9818
HSS 0.018 -0.262 to0 0.295 0.9026
Control -0.081 -0.213t0 0.053 0.2334
LDL-c/ HDL-c HS -0.013 -0.2131t00.188 0.9021
HSS 0.062 -0.220 t0 0.335 0.6704
Control 0.187 0.057 t0 0.311 0.0050
TG/HDL-c HS 0.102 -0.100 to 0.297 0.3229
HSS -0.279 -0.517 to -0.001 0.0492

TC, Total Cholesterol; TG, Triglycerides; Non-Splenectomized (HS) and Splenectomized

(HSS).
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FIGURE 1. Plasma Levels of Glucose (A) and Insulin (B) in Individuals  with
Hepatosplenic form of Schistosomiasis Mansoni, Non- splenectomized (HS) and
Splenectomized (HSS), and in Non-infected Controls. Values expressed as
meanzStandard Error (SE). One-way ANOVA followed by Fisher’s PLSD post test.
**p<0.001 and ***p<0.0001 vs Control.



494

495
496
497
498
499

500

501

Repercussoes Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M. 71

— 4~
8 1 *ok
= | *
g - :%: 1 .=
3 e - -
§ E: e

24 e
& 9 e
g : " -
<' 1: :l - 0 o
5 S
I c . I. l' I- =

Control HS HSS

FIGURE 2. Values of the Homeostatic Model Assesment — Insulin Resistance
(HOMA-IR) in Patients with Hepatosplenic Form of Schistosomiasis Mansoni, Non-
splenectomized (HS) and Splenectomized (HSS), and in Non-infected Controls.
Values expressed as meantStandard Error (SE). One-way ANOVA followed by
Fisher’s PLSD post test. *p<0.05 and ***p<0.0001 vs Control.
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ABSTRACT

High-fat diet feeding is an established factor for metabolic syndrome development, by inducing
obesity, insulin resistance and NAFLD. However, other dietary stressors are also related. Herein, to
evaluate how such triggers could act on liver and adipose tissue metabolism, we added extra fat,
cholesterol or sucrose to high fat diets — VHF, HF/HC, and HF/HS diets, respectively — to C57BL/6 mice
during 16 weeks. We observed that VHF diet developed a more pronounced adipose tissue
inflammatory response and insulin resistance than mice under HF/HC or HF/HS diets. On the other
hand, high content of fructose provoked the worst liver inflammatory scenario. In turn, even not
producing similar levels of liver inflammation than HF/HS, HF/HC diet fed mice showed increased
presence of liver fibrosis. Thus, our results suggest that adipose and liver tissues respond in different,

and possibly opposite, manners to the different dietsused.

KEYWORDS

Nutrition; Obesity, Diet and Dietary Lipids; Inflammation; Insulin.
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INTRODUCTION

Prolonged nutrient overfeeding can cause metabolic imbalance, which leads to an overwhelming of
the biological capacity and consequent vast cellular and tissue dysfunction and disease. A wide range
of dietary factors are known to be important on the development of obesity (1). Worldwide, it is
estimated that are 1.46 billion overweight adults and more than 500 million obese (2). Such pandemic
is associated with several comorbidities, having a crucial causative role in insulin resistance, diabetes

mellitus, metabolic syndrome and non-alcoholic liver disease (NAFLD) (3,4).

Obesity is associated with expansion of the metabolic active adipose tissue leading to chronic low-
grade inflammation and insulin resistance, which, in turn can affect hepatic metabolism leading to
hepatic injury (5,6). Both obesity and NAFLD are key components of the metabolic syndrome and,
given their interplay, an integrated approach is of great interest as a means for identification of the

complex pathology of chronic inflammatory diseases.

NAFLD affects 10-35% of the general population (7), and is recognized as the most common cause
of liver dysfunction globally (8). The spectrum of NAFLD ranges from simple benign hepatic
steatosis to nonalcoholic steatohepatitis (NASH), fibrosis, cirrhosis, and hepatocellular carcinoma
(9). Its prevalence is strongly increasing together with obesity and type 2 diabetes and it is therefore
present in up to 85% in extremely obese individuals (10). Despite the clear relationship among central

obesity, insulin resistance and NAFLD, the cause of progression to advanced forms remains elusive.

A key issue in understanding the pathogenesis of the NAFLD concerns the identification of the
mechanisms responsible for switching from simples steatosis to NASH. Additionally to liver lipid
accumulation itself, it seems that further stressors are also involved. In the past few years, lipotoxicity,
or the ability of specific lipid molecules (e.g. fatty acids, cholesterol, and ceramides) to cause liver

inflammation, has been emerged as a possible causative factor for NAFLD progression (11).
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Recently, diet containing high content of carbohydrates were added to this list. Sucrose and fructose

intake, mainly, have been associated with liver disease (12).

Nonetheless, this heterogeneity of related disorders and possible causes, each with distinct
phenotypes, likely contributes to the difficult in identifying effective and long-term strategies of
treatment and suggests that a wider approach of the NAFLD research is needed. Herein, we aimed to
investigate the metabolic response within liver and adipose tissue to the strong stressor state of

overfeeding caused by high-fat diets with additional content of fat, cholesterol or sucrose.

METHODS

Animals and Diets

All experiments were conducted in accordance with the guidelines of the University of Cincinnati
Institutional Animal Use and Care Committee. Mice were maintained in a temperature- and light-
controlled facility and had free access to food and water during the period of study. Adult male
C57BL/6 mice were fed a rodent chow, very high-fat (VHF, Research Diets D12492), high-fat high-
cholesterol (HF/HC, Research Diets D12108C), or high-fat high-sucrose (HF/HS, Teklad TD08811)

diets for 16 weeks (Table 1).

Weight and Adiposity Measurements

Age-matched (10-week-old) male mice were housed with one to four mice per cage. Food intake was
monitored daily over a 1-week period. Body weight and adiposity measurements were performed
every 4 weeks. Body weight was measured using a Denver 300 K scale and adiposity levels were
determined by echo magnetic resonance imaging (MRI) using a Whole-Body Composition Analyzer

(Echo Medical, Houston, TX).

Analytical Procedures
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Blood was collected after overnight fast. Blood glucose obtained using an Accu-Check Active
Glucometer (Roche Applied Science, Indianapolis, IN). Plasma and liver cholesterol and triglycerides
were measured using colorimetric kits. Plasma insulin (Crystal Chem, Chicago, IL), leptin (R&D
Systems, Minneapolis, MN) and adiponectin (R&D Systems, Minneapolis, MN) were measured using
ELISA Kits. Alanine aminotransferase (ALT) and non-esterified fatty acids (NEFA) were measured
using colorimetric kits (Thermo Scientific). Homeostasis Model Assesment (HOMA) index was
calculated according to the formula: fasting plasma glucose (mM) x fasting plasma insulin (ng/mL) /

22.5. Folch technique was used to perform liver lipid extraction.

Glucose Tolerance Test

Overnight fasted mice received a solution of glucose (1g/Kg of weight) intraperitoneally and had their

blood glucose levels measured before and 15, 30, 60, 120, and 180 minutes afterward.

Tissue Histology and Immunohistochemistry/fluorescence

Liver and epididymal adipose tissue (EAT) were excised at the time of euthanization and wet weight
was recorded. Parts of liver left lateral lobe and EAT were carefully isolated, fixed in isotonic neutral
4% paraformaldehyde (3 days), embedded in paraffin, and cross-sectioned (7um). Sections from both
organs were stained with Hematoxylin and Eosin. Liver sections were also stained with Masson’s
Trichrome. Adipocyte sizes were evaluated by the quantification of 120 areas of random cells per
animal. Crown-like structures were identified by the presence of nucleated cells surrounding
individual adipocytes. Each stain was carried out on at least four mice per group and the images in

the figures are representative of each group.

Real-time quantitative PCR analysis

Consistent regions of liver and EAT were collected, snap-frozen and stored at -80°C. Total RNA
(N=5 to 7 per group) was extracted with TRIzol reagent (Invitrogen) followed by a further isolation

using RNeasy plus mini kit (Qiagen) and treatment with Turbo DNase (Applied Biosystems/Ambiom,
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Austin, TX). cDNA was made using iScript cDNA synthesis kit (Bio-Rad Laboratories, Hercules,
CA). Real-time quantitative PCR was performed using a StepOnePlus Fast Thermocycler using Fast
SYBR Green Mix (Applied Biosystems, Carlsbad, CA) with primer sequences as shown in Table 2.
Gene expression values were normalized to the value of the housekeeping gene CycA (Cyclophilin

A) and calculated based on the comparative cycle threshold Ct method (2744,
Statistical Analyses

Data were analyzed using GraphPad Prism 5 (GraphPad Software Inc., La Jolla, CA) and are
presented as means and standard errors. Analysis of Variance (ANOVA) followed by Bonferroni
multiple comparison post hoc test was used to detect differences among groups that had normal
distribution. When data distribution did not reach those parameters, the non-parametrical test Kruskal-
Wallis followed by Dunn’s Multiple comparison test was used. P-value <0.05 was considered

statistically significant and indicated by an asterisk (*) or different letters.

RESULTS

Resistance to diet-induced obesity on mice under HF/HC diet.

Mice were fed VHF, HF/HC, or HF/HS diets for up to 16 weeks and body composition was
monitored. All animals had similar baseline weight and showed body weight gain over the period of
study, but mice under HF/HC diet developed a lesser increase (FigurelA). The HF/HS group showed
increased daily calorie intake compared with the HF/HC diet fed group (FigurelB). In line, whole-
body MRI showed higher levels of body fat mass in both VHF and HF/HS diets fed mice compared
to HF/HC, although all groups showed significantly increase along the study (FigurelC).
Quantification of liver and EAT weights revealed no differences among groups (FigurelC-D). It is
well known that high calorie intake reflects on a higher body weight and body fat mass (13-15).

However, even with the higher calorie intake observed on mice fed HF/HS diet, the VHF diet group
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showed higher body fat mass during all period of the study, with tendency of catch up only after 16

weeks when they reach body weights close to 50g, an upper limit for wild type C57BL/6 mice.

Similar plasma lipid levels of mice under the different diets.

Lipid serum analyses showed minor changes in their lipid profile. Mice showed increased total
cholesterol levels after 16 weeks but similar serum triglycerides and NEFA levels (Figure 2). We and
others have previously reported that wild type rodent plasma lipids are mostly on HDL lipoproteins
(16) and it takes longer to observe differences in lipid levels, with frequent no difference in plasma

triglycerides (17,18).

VHF diet feeding exarcebates glucose dysmetabolism.

All groups subjected do high-fat diets showed similar fasting blood glucose, but the VHF animals
displayed worse glucose tolerance, demonstrated by the increased ipGTT values (Figure 3A).
Similarly, they also showed markedly insulin resistance, which can be noted by the higher HOMA
index (Figure 3B). Interestingly, HF/HS feeding induce an intermediate state of glucose intolerance

and insulin resistance compared to VHF and HF/HC diets.

Intraabdominal adipose tissue histology.

To determine changes in adipose tissue architecture that might occur with the experimental diet
feeding, epididymal adipose tissues harvested at the time of sacrifice were studied (Figure4A).
Histological analysis revealed a significant increase of adipocyte size in mice under HF/HS diet
whereas VHF and HF/HC diet feeding induced similar hypertrophy (Figure 4B). Adipose tissue from
mice under VHF also showed remarkable increased number of crown-like structures compared with

both HF/HC and HF/HS (Figure 4C).

VHF diet induced endocrine and inflammatory disbalance at adipose tissue.
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In line with the high frequency of CLSs, levels of inflammatory markers TNF-a, MCP-1 and IL-1b
were elevated in VHF mice (Figure 5A-C, respectively). A marker of adipose tissue maturity state,

PPARYy, was decreased in VHF mice compared to all other groups (Figure 5D).

All diets induced disrupted levels of the adipose tissue-derived cytokines leptin and adiponectin.
Consistent with the exaggerated VHF-induced obesity, VHF group showed increased levels of leptin
compared with HF/HC (Figure 5E). Interestingly, mice under HF/HC diet demonstrated a lesser
increase of leptin levels and a higher adiponectin to leptin ratio when compared with both VHF and

HF/HS feeding groups (Figure 5F-G).

HF/HS provoked the worst liver damage of all diets.

All diets provoked wide hepatocyte damage, evaluated by similar increased levels of serum ALT
(Figure 6A). In line, liver cholesterol and triglycerides were also similar (Figure 6B-C). Hematoxylin
and eosin (H&E) staining of liver sections revealed an increasing content of steatosis VHF <HF/HC
< HF/HS (Figure 6D). Liver of mice under HF/HS diet also showed a higher degree of steatosis,
balooning degeneration and microgranuloma (Table 2). Furthermore, Masson’s trichrome staining
displayed a 2 to 3-fold increase in fibrotic bridges among livers of HF/HC and HF/HS groups

compared to VHF (Table 3, Figure 6E).

Increased levels of pro-inflammatory markers in liver of HF/HS fed mice.

Another distinctive feature of the HF/HS hepatic tissue observed was the altered pattern of gene
expression. High sucrose feeding provoked a stronger inflammatory reaction within liver than high
cholesterol or fat. We observed increased expression of the chemotactic factor, MCP-1 and also
markers of macrophages: F4/80, CD68 and CD11b (Figure 7A-D). In addition, It was also observed

increased levels of the pro-inflammatory citokynes TNF-a, IL-1p, and IL-6 (Figure 7E-G).
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DISCUSOION

Previous studies have reported that high fat diets induce hepatic steatosis, however, lipid
accumulation itself is not enough to provoke liver damage and NAFLD progression, usually another
stressor is also necessary to trigger NAFLD development (19). In order to evaluate how such triggers
could act on liver metabolism we added extra fat, cholesterol or sucrose to high fat diets and analyzed
the inflammatory response of the liver. Besides that, given the importance of the adipose tissue for

lipid metabolism, we evaluated how the adipose tissue reacted to those dietary stressors.

We observed that high content of fructose provoked the worst liver inflammatory scenario. On the
other hand, VHF diet developed a more pronounced adipose tissue inflammatory response and insulin
resistance than mice under HF/HC or HF/HS diets. In turn, even not producing similar levels of liver

inflammation than HF/HS, HF/HC diet fed mice showed increased presence of liver fibrosis.

In our study, we observed that mice subjected to high fat diet with extra content of fatty acids, instead
of cholesterol or sucrose, were more susceptible to develop obesity and insulin resistance. The precise
physiological events leading to the initiation of the inflammatory response in adipose tissue remains
to be understood. During high fat feeding conditions, the adipose issue is overload by lipids and often
respond with hypertrophy and hyperplasia, as a mechanism to store more triglycerides (6). Excessive
lipid intake trigger cellular stress pathways, which in turn causes cell autonomous inflammation and
release of cytokines and other pro-inflammatory signals (19). Part of these signals, such as the MCP-
1, induce migration and infiltration of monocytes/macrophages to adipose tissue, where they
accumulate around necrotic adipocytes, forming crown-like structures, and release further pro-
inflammatory cytokines, as TNF-a and IL-1§ (20). In the meanwhile, multiple intracellular
inflammatory pathways are ongoing leading to blunted insulin signaling, thereby potentially

increasing insulin resistance (21).
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Interestingly, adipocytes from mice under VHF diet had lower size than HF/HS. Insulin resistance
has been correlated with adipocyte size but also with their degree of maturation. In fact, McLaughlin
et al, 2007 matched insulin resistant and sensitive individuals by body mass index and find that were
no differences in adipocyte size. Despite that, they find decreased expression of differentiation
markers, suggesting that impairment in adipose cell differentiation rather than cell area contribute to
obesity-associated insulin resistance (22). Similarly, we observed reduced levels of PPARy gene

expression only on adipose tissue of VHF group, compared with controls.

A possible cause for the differences observed among the studied groups could be the excess of fatty
acid content of the VHF diet. In this case, the approximately 50% extra fat would cross the equilibrium
threshold of the adipose tissue lipid storage capacity and induce adipocyte apoptosis, which may
trigger the inflammatory responses observed, with high macrophage infiltration. Another possibility
is that the addition of cholesterol or sucrose could change the mechanism of the diet- induced obesity

leading to different phenotypes.

With regards to the HF/HC diet, several studies have observed the effects of the addition of
cholesterol to a high fat diet, but none of them had compared them in the way we did, adding extra
amounts of cholesterol but also of fatty acids. In those studies, added cholesterol usually causes worse
effects than high fat alone (17,18,23). Nonetheless, the opposite effect, decreasing the content of
cholesterol by the using of cholesterol lowering drugs has been demonstrated to cause impairment of

adipose tissue metabolism (24,25).

HMG-CoA inhibitors has been reported to inhibit adipocyte differentiation. Nakata et al, 2006
reported decreased GLUT4 and caveolin-1 expression in adipocytes upon treatment with statins (24).
Because caveolin-1 is find in lipid rafts — in which cholesterol has a crucial role — it is possible that
the VHF produces an overload of fatty acids, which secondary decrease of cholesterol below a critical
threshold. Such cholesterol depletion could lead to a disruption in the lipid droplet membrane fluidity,

culminating in dysfunctional adipocyte (26,27). These effects would not being seen in mice under
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HF/HS diet because fructose is mostly absorved by the liver, during fed states while fat comes through

lymphatic circulation and goes to periferic tissues first (28,29).

As an organ where the most different components from circulation and gut are metabolized, the liver
is subjected to very different sources of injury and has to have a well-organized system of tissue
repair. Scarring is an essential component of the remodeling response during the replacement of the
damaged parenchyma for a fully functional tissue (30). However, in some circumstances, this wound-
healing response is disrupted, resulting in misrepair and consequent progressive scarring, ultimately

leading to cirrhosis and hepatocellular carcinoma (31).

During NAFLD development, it has been recently hypothesized the occurrence of multi-parallel hits
forcing the liver towards a more progressive inflammatory disease phenotype that could induce later
fibrosis as a mechanism of tissue repair (19). Among these stressors, cholesterol has arisen as crucial
factor for disease progression not only to NASH but mainly to fibrosis (32,33). In fact, high dietary

consumption of cholesterol was associated with a higher risk of cirrhosis and liver cancer (34).

Our data of the liver analysis revealed that mice under HF/HC diet developed increased fibrosis
bridging compared to VHF and at same levels of HF/HS, but without severe signals of inflammation

as in the latter group.

In spite of the confidence on the role of cholesterol in NAFLD, contradictory data has been published
regarding weather those effects would be on inflammation and/or fibrosis. Some reports, where mice
were fed a high fat high cholesterol diet reported that cholesterol would induce a stronger pro-
inflammatory effect, which culminate with a more prominent fibrosis (17,18,23). However, other
studies have seen that high-cholesterol diet could induce fibrosis without stimulating inflammation.
Teratani et al, 2012 and Tomita et al, 2013 observed increased fibrosis in mice under high cholesterol

diet submitted to bile-duct ligation compared to control diet fed mice. Similarly to us, they did not
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find differences among inflammation or hepatocellular injury. The authors argue that the presence of

fat on diet could shadow the cause of fibrosis (32,33).

Nevertheless, Nanji et al, 1997 reported decreased necrosis and TNF-a but enhanced fibrosis after
cholesterol supplementation in alcoholic liver disease (35). Recently, Ichimura et al, 2015 observed
diet-induced fibrosis in mice under high-fat high-cholesterol diets, but not when mice were fed with
high-fat diet only (36). Then, our data suggests that cholesterol itself has a major role on liver fibrosis

than inflammation.

A number of animal models have been developed to study NAFLD (37,38). Among these are
nutritional models based on complete diets containing high content of carbohydrates, usually sucrose
and/or fructose. In mammals, the liver is the principal organ responsible for the conversion of excess
dietary carbohydrate into triglycerides. Both glucose and fructose are metabolized into liver to
provide the precursor, acetyl CoA, for fatty acid synthesis. Fatty acids are then incorporated into

triglycerides that function as long-term energy reservoirs (29).

Recently, Chung et al. (2014) reported that the apparent association between high sucrose or fructose
intake and liver damage is confounded by increased calorie intake (39). On the other hand, Oliveira
et al. (2014) reported increased lipid liver accumulation in mice fed isocaloric high-sucrose diet
compared to high-fat diet (40). Ishimoto et al, 2013 observed that the combination of high-fat and
high-sucrose diet was able to induce NASH. Interestingly, such effects were blunted in the absence
of the liver fructokinase, which phosphorylates fructose into fructose-1-6-phosphate, strengthening
the role of fructose in NAFLD development. In their study, mice had similar daily energy intake (41).
We observed that HF/HS feeding induced a remarkable liver inflammation, even when compared
with VHF or HF/HC diets. Indeed, there were no significant differences between daily calorie

consumption of mice under HF/HS and VHF.
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In Summary, our study showed that in addition to simple lipid accumulation within liver caused by
high fat diet, extra dietary factor acts in specific ways inducing metabolic abnormalities. Besides the
extra fat added to diet had caused the more pronounced adipose tissue dysregulation, high sucrose
and cholesterol were more related to liver disease. And, between them, high cholesterol intake caused
liver fibrosis without provoking major inflammation. In fact, our results suggest that adipose and liver

tissues respond in different, and possibly opposite, manners to the different diets used.
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TABLES

Table 1. Diets Components

Diet VHF HF/HC HF/HS
Fat (kcal%o) 60 40 44.6
Fat (gm%o) 35 20 23.2

Fat Source (Wt%)

Added Cholesterol
Sucrose (gm%o)

Calories (Kcal/g)

lard (31.65%)
soybean oil (3.23%)
0%

8.89

5.2

cocoa butter (17.27%)
soybean oil (2.78%)
1.25%

12.59

4.5

anhy milkfat (21%)
soybean oil (2%)
0%

34

4.7

90
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Table 2: Primer sequences used for RT-PCR amplification of RNA.

Gene Sense Primer Anti-sense Primer
Cyclophilin A TCATGTGCCAGGGTGGTGAC CCATTCAGTCTTGGCAGTGC
TNF-a ATCCGCGACGTGGAACTG ACCGCCTGGAGTTCTGGAA
MCP-1 CCTCCTCCACCACCATGCA CCAGCCGGCAACTGTGA
IL-1p CTACAGGCTCCGAGATGAACAAC TCCATTGAGGTGGAGAGCTTTC
PPAR-y CTGCAGGCCCTGGAACTG CGATCTGCCTGAGGTCTGTCA
F4/80 TGTCTGACAATTGGGATCTGCCCT ATACGTTCCGAGAGTGTTGTGGCA
CD68 TTTCTCCAGCTGTTCACCTTGA CCCGAAGTGTCCCTTGTCA
CD11b GCTCAGAGGTTCTTCACAGCTATG CAAGCCCATGGCACTCATG

IL-6 TTCCATCCAGTTGCCTTCTTG GGGAGTGGTATCCTCTGTGAAGTC
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Table 3. Histological Characteristics of Liver According to the Different Diets

Studied.

VHF HF/HC HF/HS
Steatosis 1 2 2.5
Balooning degeneration 15 1 2
Microgranuloma 1 1 2
Bridging Fibrosis* 2.9 111 12.9

Values showed as median of at least 3 pictures of each animal. *percentage relative

to positive pictures among total taken.
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EIGURES

Figure 1: Resistance to diet-induced obesity on mice under HF/HC diet. C57BL/6 mice were fed
VHF, HF/HC, or HF/HS diet for 16 weeks. Body weight (A), food intake (B), and body fat mass (C)
were evaluated along the study. Liver to body weight (D) and EAT weight to body lean mass (E)
ratios were measured after sacrifice (16 weeks). *P<0.05 versus HF/HC at the same time point;
*P<0.05 versus HF/HS at the same time point (A and C). Different letters represents P<0.05 (B, D

and E). All data are expressed as mean £ SEM.
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Figure 2: Similar plasma lipid levels of mice under the different diets. Plasma total cholesterol
(A), triglycerides (B), and NEFA (C) of C57BL/6 mice fed VHF, HF/HC, or HF/HS diet during 16
weeks. *P<0.05 versus HF/HC and HF/HS at the same time point (A and B). Different letters

represents P<0.05 (C). All data are expressed as mean = SEM.
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Figure3: VHF diet feeding exarcebates glucose dysmetabolism. C57BL/6 mice fed VHF, HF/HC,
or HF/HS diet for 16 weeks were fasted overnight and submitted to ipGTT (A); inset graph represents
area under curve for the different groups glucose values during the experiment. Overnight fasted
plasma glucose and insulin levels of the same mice (16 weeks under diet) were also measured to

assess the HOMA index (B). Different letters represents P<0.05. All data are expressed as mean *

SEM.
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Figure 4: Intraabdominal adipose tissue histology. Epididymal adipose tissue (EAT) from
C57BL/6 mice fed VHF, HF/HC, or HF/HS diet for 16 weeks were collected, processed, stained with
Hematoxylin & Eosin (A) and had the adipocyte size measured (B). Crown-like structures (CLSs)
were also quantified (C). Different letters represents P<0.05. Pictures at magnification 20x, arrows

indicate CLSs. Data are expressed as relative frequency (B) or mean £ SEM (C).
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Figure 5: VHF diet induced endocrine and inflammatory disbalance at adipose tissue. Plasma
and epididymal adipose tissue (EAT) from C57BL/6 mice fed VHF, HF/HC, or HF/HS diet for 16
weeks were collected. mMRNA expression of TNF-a. (A), MCP-1 (B), IL-1p (C), and PPAR-y (D) was
evaluated. Plasma levels of adiponectin (E), Leptin (F), and the adiponectin to leptin ratio (G) were

also measured. Different letters represents P<0.05. Data are expressed as mean + SEM.
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Figure 6: HF/HS provoked the worst liver damage of all diets. Liver tissue and plasma from
C57BL/6 mice fed VHF, HF/HC, or HF/HS diet for 16 weeks were collected. Liver damage was
evaluated by the measurements of plasma alanine aminotransferase (ALT) (A). Liver tissue was used
to quantify the levels of cholesterol (B) and triglycerides (C) and to evaluate tissue architecture (D)
and fibrosis (E). Pictures at magnification 20x. Different letters represents P<0.05. Data are expressed

as mean * SEM.
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Eigure 7: Increased levels of pro-inflammatory markers in liver of HF/HS fed mice. Livers from
C57BL/6 mice fed VHF, HF/HC, or HF/HS diet for 16 weeks were collected. mMRNA expression
levels of MCP-1 (A), F4/80 (B), CD68 (C), CD11b (D), TNF-a (E), IL-1B (F), and IL-6 (G) were

evaluated. Different letters represents P<0.05. Data are expressed as mean + SEM.
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9. Conclusdes

Os diferentes gendtipos de ApoE néo influenciaram a chance de infecgdo porS.
mansoni como também o desenvolvimento da doengca para a fase

hepatoesplénica nesta populagéo.

A presenca dos alelos €2 e €4 provocou modificacbes na forma como a
esquistossomose mansonica hepatoesplénica repercute no metabolismo

lipidico.

Pacientes com esquistossomose mansonica hepatoesplénica,
esplenectomizados ou ndo esplenectomizados, apresentam resisténcia a

insulina.

A resisténcia a insulina nos sujeitos com esquistossomose mansoénica
hepatoesplénica apresentou correlacdo negativa ou inexistente com marcadores

lipidicos usuais de resisténcia insulinica.

A dieta rica em acidos graxos causou maior desregulacdo do tecido adiposo e
resisténcia a insulina, enquanto que a dieta rica em sacarose induziu maior
inflamacé&o hepética e a dieta rica em colesterol provocou fibrose no figado, mas

sem o mesmo grau de inflamagéo.

Disturbios hepaticos de origem bastante diferentes, como esquistossomose
mansonica e DHGNA, se mostraram semelhantes no que se refere a existéncia

de repercussdes metabdlicas negativas para o organismo.

Nas diferentes abordagens foi possivel observar que o comprometimento do
funcionamento hepatico esteve relacionado com a desregulacdo do metabolismo
energético, pela observacdo de modificacdes no metabolismo lipidico e
resisténcia a insulina. No caso especifico do estudo com modelo animal, foi
possivel observar, adicionalmente, que efeitos especificos podem ser gerados

em decorréncia da utilizacdo de moléculas diferentes.
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Compatiog Wierests: The authons have declased That 1o COMPELNG MTeress exir

* 1t v upeds
Introduction sownciotod  weh peripossad (e, partal  bypestension asd
sprbemamegaly, whikh Sead 1o fiequent epsodes of upper gastroine
Sehistimomiaes b o cheonle paradine Bver doease thae const testial beeding §5).

tutes i majar public health problem e several pants of the warkl
There are more than 200 million prople affeciod by whisosom-
wiis wuthdwlde and 00 million peaple are at ik of miredon (1

1] The dsease caseel by Sehtabums mumioon s the most peevalent
liver disease in the Nostheast rogson of Beal [4). Around 5-7% ol
petients inlocted by S mamem progres o the mos severe lorm,
e paconplenie. Masy patienns exhabiin bigh motbsdiny and nsorsalitg

PLOS Neglected Tropical Diseases | www .pknntds.ong

Pergornal fibwosis « s the path feshon il che
liver 1 hepatesplenic schiosonsiass [6-41), This process ok
Troen msassive dhepositions of collagen prodocas i the periportal

spaces andd lends b 1m 10 progresive occlusion of the porsal vein,
portal lypertonsion, splenomegaly, collaseral venoes clroulation
and bleoding of the upprer gastromiestinal tract. G hleeding
rpuedes e ane of the causes oF Bepatle  dwacton =

July 2013 | Volume 7 | Issue 7 | e2314

102



Repercussées Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M.

|

Ll
il
i

ik
i
!
i
i

s

schistosominse. mvas of hepatic secrosis can corar due Vo
Iypotension aed Jow of Blaod, which in liver regeneration can
datant the hepatic parenchyma. When patiens hleed more than
e, hepatic dysfimction snd comprommised be is enane [5]

A more extesan patteen of fiboosis reflects the peognosie amd
severity ol the chirons hepatesplenic condition [6], althusagh it »
generally reponed that By Banction rensasn proetved. On ihe
ocher hand, some stadies have foand reduced levels of hlood
vosgulation proscies, which are synthesteod by fiver eells [9-11)
Clasically, i s believed that Iner cell flsecthon b preserved o
Iseparosplenic schi lasls wnd that the compeomised hemeo-
stinsh e diae b0 consumptive comgulopathy related o the enlarged
liver sl spdeen. Tnoa peovious sy, it s sggested thae carly
liver dysfuncon iss schi latsks mmay ¢ 10 the prabil
with bemostasts (9], However, & comains unclear whether an
wbvanced patiern of fibeods & Tinked w0 an adverse et an
hemaosiasts ard Iner funcsion. Hese, e aine was (0 deteremine
whether al | Llood comgulation sed liver fmction ess in
eatienity with bepasiplenic schiosomiashs cormeloe with the
severity ol their pergoctal o

Materials and Methods

Ethical statement

The study wis comdsseted acoording 1o the Hebinkd Doclamation
wieed e appeoved] by the Human Reseanchs Exhiaes Comnmines of
the Federal Univenity of Fernambuco (Number 028711

Hemastatle Dyslunction in Fsotc Schimosomlasis

without ascites,  janncdios, encephadopathy  ael/or pul ¥
hypertension, snd 4 hisory of contact with rher water wahin
manicipalives locaed i “Zona da Maga", ans endesie area for
el asin in P hoco Suse. Some had repared at loas
one epivode of apper gesroimsetinal hieeding,

The dagnoss of schisisomizss was based on clinical isary,
plepvical examirsation ared an abdaminal ol graphy which
showerd periportal fibwosis. Using the Work) Health Organization
Niamey Woeking Growy, 20000 protecal [12] patienss were:
classified s baviag peripheral fibeosis (Pattern C), contral Shivsis
(Partern D), sdvanced Gibrosks (Patiern B or vory achaeced Glirosls
Partern F) [LZ13) Patients who preseoted with advanced or very
acdvanced fibeosis wrae grouped 1ogether for data analyses (Patvern
F+FL

Patients wore excluded if they ropormed alcobod shuse (=60 4
ethanel /thry For roens and =41 g/ Tor wernend or had » ssory
ol aplencownsy, bopatke carhosiy, wyslensie doeuses such i
shiabeten melliv, acute o ceomic hepatlise B or O, collagrniois,
heart aod blood diseases. Use of hepaiotonie drogs, acetylvalicyfic
wcid, anticougudont drugs, or roceiving  blood mansfusion were
sho eriteria for exchion i low than 90 days prioe 1o daea
oollection, The comtrol grosg consmnd of twenty nise beulthy
indnichuals from he same e rangy (18 10 0 years aod
sociecomomic backgroand, = evaluated by u standurdieed
suestionnaire at evabled fumily bodget, edocation beved and
likintyde 1o b pmmtchiesd with those of the puatienia,

Sample collection and processing

Three vetwnn Bood sataples were collecsd wnder usepitic
comilitions witha stashs by vacuam wbies (Vacutsines feaw
Dickinwe, USAL The fiest tube comained 016N irsodinnn ciorane
st 129 rari to bloodd Sor congulation sests, The seoond comtasned
QBN EDTAKY aned wan wad dirverly for placler qaant@ica-
tioe, whie the thied blood colloction e was wexd S liver
Tussction teses. Tubies one and theree were centrifiaged foe 1O min at
200 g and the plasma and serum sored in 03 ml aliquoes at
=W C until wsayed

Parasitological diagnosis

Swool sammphes frum contrad und patiens groups were taken oo
twi cemsrentive dags il each weseed twior by the Kaso-Katx
method The mean ogg coumts aee reparted.

Blochemical, hepatic and other tests

The vantine bver famition seses scdaded soparte and sbsine
sminaraserises AST and ALT), alkuline phosplatue (ALY, 3
ghutaenyhrnmafecise (YGT, Wiliwbin (Total, Divect andd Toadieeer)
and albunman and were mcasared by speciruph try
Catms O, Roche, Dismond Diagnostses, USAL Iviermima-
toor of HBsAL  anG-HEBe and  ast-HEY were made by

Beaxil, AUl patwesss and healiby sibijocts revonod an explanat
Al the seope of the stidy, socl an odgeetves, procedures asl
potential ridks, wnd sgmed wn lforsed comers statensesn Defore

inclusion in the study.

Patients
Fifiry-five: patients diagrosed wieh hepatosgdenic schi stsi

und provioady troated with pracigasntel (50 mg/Kel o dennt 6
wnnithy before the present sudy, weee e overall o o
atvendioge ax outparkents betwoen 20040 avel 2012 at the Gastro-
enterology Deprarvment, Clinscal Heopital of the Fedleral Univer-
sty of Permmmnbioro, Recile, Beazil, When first seen at the eline all
patien had hepaosplesomegaly and portal hypenension, b

PLOS Neglected Tropical Diseases | www plosntds.ong

Chemibum puarticle I Assay [CeMIA) wang
the ARCHITECT 2000 ansmatic Tght detectior and s
reagents (Abbodt, North Clicage, USA) (o exclude envoliment of
pateots with Hegutite B oor C, Al bt d bexd
inchusion of paciests with hepatio circhosks and @earosis, and the
snmmesis excluced patients with active we of aloobol.

Platelet count and blood coagulation tests
Plasrder counts (normad range 150 400 x 10°/1) were measured
by clectnical imspedance using the Peotrn-120 (ABX Diagnostics,
Sa0 Pastly, ST, Brazill. Congulition 1ess were perfi 1 with an
Il il cvagulaenerer, (Trinmy Blotech, Acton,
d as

USA} und ineluded ) !

el

b tisme: (1T, exue
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the INRL partsl thrombogilassin time (1 thrombin st (T
and Gheieagen.

Bond congalation Lactars 11, VIL VIIL IX, X were usayed
wing 4 Diestiy P amalyzer (Trinity Biocech, Actan, USA) and
wrze based o comveting the Iong PT of facwar deficien plasna by
wddition o teet ploma dibsnod with dotting Factor ddeficient
Phasia. Reowdts were exprossod as o percemsage of activity foe each
factoe. Protein O o rest plasma was measired in the Desting Plus
analyocr with @ specific wmake yenom proten G antivator, i
Ishibiing Gactor V' uui \'lll In the added Proen O deficient
#nnu and the sl PUT sest, whie

- ¥ e ]

din 1la was o i muﬁ.rlm&tuﬂm«i

roMgents.
Ann'r-dr wwys o sty tissoe plasmanogen activator (-PAJ
Plastnogen acthotor mbitine — 1 (PARY) and  thrombin-
tvatable filemolyses khibie (TAFT o plasss were meauced
by sandwich mqmrinhd wnmanosorbent aways ELISA (Asser-
wchirom, Disgrostics Fnagu, l"nm-tl Fach umph v tested i)
(haplicase arsd wccording w the spples's i
Dhdimer was asayed i an nusomaated photo-opeical eonguloee
ters values ahove $3 ng/ml, were ilefioed as bypesfibrinalysis
(14,

Statistical analysis

Unpaared Mulnm i used 0 compare differences
betwren listrid fables of sthe  hepatospderns

i lasis patiean (combined wial) and contd groop, whie
thrﬁnvﬁpummmrmtwnvdbymymlyﬁﬂ
vartanee ANOVA) fallowedd Iy Fiabet's protecsed leas dgnificast
diflerence (PLAD) test. ManneWhitney  and  Kewsdal-Walls
followed by Dunn's mudtiple comparison test were wed 1o
vompare differonces among son-noemally listebuted varables.
Vartabdes were exprossed as mean = Stundand Eooe of the mean
Poalues less thas 005 were oonsidersd 1 be statistically
vignibicans, All satncal analyses were performed wsng Seatview
SAS Inc. (1960, NC, USAL

Results

All patients preseused with sane degree ol perponal filwosks,
e Niamey clasificaion [12] covealed & predommance of
wivanced periportal [ross, Paoern 10 (o= 30 5406%), followel
I vertral filevsis, Fanern D (0= 177 50.9%), whie anly 8 of the
patkents (14.5%) showed Pavern F, yery advanced Gheosis, No
pasient wa clasified as having Pastern € {periphberal fibrosis’. For
cashness of data analyss, the two patterss of sdvanced periportal
H:mmm(mulurdumadq’rmplw -SS&GDI%,

As i total grosyps, the pasients with b len
shosed aboarnsal Ser ﬁnnlnn s mnwml w ihe healtly
vontrabs with signaficamtly [pre0.05] incresod levels of senem AS | V1
ALT, G, ALP andd 1oesd bilioabine, sod o bowres ol

Hemastatic Dpsfunceion in Fawotc Schimasomlasis

the toeal pasient grinup, and these significant differomoes were als
seen when Paters 1wl Panern Ea¥ were compuared wigh the
healhy comrobs as segarae grosgs (Table 2. Howesrr, only
peotein O was signiieamly diffirent between the two - parient
groups (74525, 1% for Patern D es G1623.3% for Passern BeF;
Pp=00128)

The levely of Daclimens were sgnilicanily Iighes s the el
patient poup compared o commols (210 ag/ml [B1-5,224 ug/
ml] vs 96 ng/ml 47190 og/mL]; median frange]; p<0.001)
wnd as shost in Fegare | higher levels were a common foanure w
the puatiersts with sivanced fibsrvrs (229 wg/ml. (0.7
2,200 v/l - Usireg thee cantooll vaadie of 433 s/ enl fioe Dilianer
= o meavare of byperfilivioalysis [14), we Sound shat 11 of 58
artien (20%) wish nhunﬂd pmwml fhronis |hnrm Ft ) and
» listary of upper e bl exhibaed DeSemer lvels
e this vadee.

AL leveh wese desreaed ln the patients compared 0 the
controd growp 065 ng/ml [5-162] ve 202 ng/ml. [17-448 ug/
mL]. median [rugel; p<0001), bun there were no significans
iffervnoes [p000) m plasima levels of <PA aod TAFE idata noe
shown),

Al e ol pats were low
Sclmuaunmmmrwmdsr-l-ﬂ.‘ddnhrhthhﬂm
C vieww miarken,

Discussion

Terporal Brosis s the msam liver commguene of sverre
infertivg by S wavsow. It plays o key role kn the gesess ol poreal
hypertension anid in disoming beporic pareschiyma, which can
e hepatie dysfumction whim the Ghimsis b extensive, Thew
eflecty may perset in some patients even alier teatment aned cure
ol the .-l«lhu [7). Marener, Uleediog episodes can allow

w d P d liver discase duwe 10 arem ol hepanle
as cawsed by byp and Jows of Blood. Tn our surdy, we
evaluated  cilferent p-nrrm nr ndmmﬂﬂ prvhmrbl ﬁumi- =
1 with comy i Tt
withou! asciees. Jasndice o llrpalx rnnplulnpurhy. Paneru E
112 uﬂs lhrmm prnnkm and 45% hadd & previous history of

1k Coniaent with oar felings ropossed
hrlr. (.nn!h et al (5] (O‘lﬂ‘\ﬂ’ a high hqut-v ,ll’."a) nl
in
whiile other (uuh! luw d-mnmd ;mgm-w: &trnoramn of
Tepuantie: franethon b iy 4 wtages of wlii by elineann [9-
1y

M:l-augh wofeport that munl nbnu [Pawern 1) b alresly

4 with liver alser siggest thar GT
lndn-wlhbulmdmofhcwxﬂmnhm\‘u This
sapports the we of v-GT a one of theee biological msarkers
peoposed by Camsacho-Lobsin wsd Boeges (9] 10 evaluaie the

albeanin (Table 1)y These diffetences were sl sern whies tie o
patients growps Farterus 1 and E+F) were weparurely
with the comrobs, excepe for the albumin keved in the Pattern D
jrovp which was non significandy yeduced. No dilferences were
nowd when patiensts wich coveral fibeosis (Fanorn 1)) wore
compared 10 those with sdvanced periportal Siboosis (Pastern
Eab) alihough the Sevel of v-GF waes 4% higher i the Laier
Wroup (p= 00501 Table 1)

The combiined 1oeal grosgpn of patieons all showerd ssguifican)
Incrvases in the INR, FIT and TT values mq-ml 1o the healihy
controls, while the plaedet coum (x10°7L) was 30% Jower

wression of liver dyduisctian i schiviosominis. while Kopke
Amnnlllb)ahoﬁmd AT 10 be i wnsitive imicatos aloag
wigh the plateler count and INR to dierentiae patients withy or
wihout poctal hypertension, Marvover, devated 3G abong with
ALE wan abo a feature i hepuiosplenic patiens with anserens
cholangiopathy, who hiave alieratwms in biliary ducts (doctopyenia
intermedinry and wmall caliber beanclies) neflectmg advanced
flbeonis [ 16),

Thr Bm Py a majos wlr i Abe voedrol of Beestasis, aod
1 hymad cell function afferts the bemostastic
wotern, Such -uu:lln vepart o frequent thrombocytopenia wooch:
unl wuh the qllmnvmnly nnl prmnl bypumunl (171 The

(V=18 ve, 261710 p<O001) (Table 21, AN Blood comgulath
facton (1L VIL, VIIL IX, X and antithrambin Wa) were Jower in

PLOS Neglected Tropical Diseases | www plosntds.ong

in by o compenal-
ed.alknnnpnn b)m:udhrhd\m\\'ihhvndbnm
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Hermoutatic Dyvlanction i Fibeatic Schizovomiasls

thar vzahibe platedets 1w acdbere and aggregate s it ol viooular
yjury (5,0819, Kaphe-Agular et al. [20] also veponed that levels
of theombopoctsn and evticulated  platcless e noomal s
schiistosoeniants patients with porial hyperension and diat die
bone marrow produces normal smosnts of platelets, Thronbo-
Cytopenia in sclistosonsiais patients may occur became of splenic
vetention due 1o poar portal blood dostitage, or Because platelens
ure trapped i the stosokdal spaces of the Brotie Sver [20], Onr
sty confiems thar thenmbocyiopenss b oomssne i patients with
bepratonplonie shiaoomisss, uod that this wends 0 be higher in
the adh d stuges of periparl fibooses.

A umbee of madies have o reduced K-
Vependent coagulation fewes dn patiens with bepsasosplenic
schistosomianis [9-11] and our findings agree with thes ropoees.
Several mechanme may explain the wbstintial reductom in
coagulation {actory, mcdudng redoosd hepaoe synthes and
ewroased comwmption,  Impaired carbosyfashon of  preocarsor

Table 1. Liver function tests in hepatasplenic schi lasis p with different patterns of peripartal fibrosis.

1© s s v

N O fibrosis  E4F fibrosis  Owerall :

Overall pattens pattern v.C Dvs.C EFvC Dvikw

Sujects ond > 55 ”n " -
ASY I SN Suaxed MAzer Sa=sh <0001 ooooy  oo0Ot oexre
MT Y 1356208 Ap2158 575109 Az 0.0053 00005 oooxy 0259
»GT 0 PIrEST ] 450192 ad=M0 16942251 <0001 00313 < 0000! 00501
Mneen i) 4W:a07  jsesnee ameary Asron aorse ams  oorw esn
tmm o 0e52808 L23=042 Ligzose 1242006 aton 0023 oLy arsas
Dwct bibruten 1l OMZ800 QSO DAISOGE BTSN 01050 OS5I 04T 6
ndiect bieubin (pAk) 0312004 071 z0er 075208 0292008 00003 0201y 00008 0833
Valuet aw & rwan =S Emce 561 SeadenTs 1 lest ur und wiy ANOYA Sollrmed by Fabers PLSD poat tesl.
004 10137 ol p e (002214102

wmolecides b b propuesesd loe faoes B VIL IX and X (11,
Bue 0 presnature releise of the proeess from dunaged bepau-
eytes, ar becase of vieanin Kedepeodeat carbosylase deficiency
anel peoduction of ak 1 proteits [10,11]. M  Tripodi
et al [21] recently highlighted the ocourrence of comcomitant
decroes of both procosgulant and  anticagudant o o
chevaie ver docase, maindy @ cerhotic patonts. These leanires
escaped attention for many yeans (11,21

Levvbs of prosesn C el sntnheomban were signiicantly kower in
vmit patenits compared o the heality  contruly, presamably
rellocting e dlysdi canser] Dy portal hypertersion and
achunerd peeportal fibosds |10,20-22]. Alchough bieeding ovents
ot Dhepatcaplendc  sohistosomiasis are  awociated  with  poeral
Ioypenension [20], the deficiem producton of coagalation (acsors
docs oot seom i aggravate the siuation doe 1o 2 baluoce betwesn
the reductions i pro- and anti<congulation proteine, Our ressks
Wl shoone thant fie alenest all cases the chaoges o oo coagulstion

PLOS Neglected Tropical Dasesses | waww.plosntdsorg 4

Table 2. Coagulation parameters from hepatasplenic schistosomlasis patients with different patterns of periportal fibeosis,
oh P i 1C) povalue
D fibross + fibrosis
Overall petiem  pattem Oyl w.C PwC  SFwC DwiF
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T Gecaod) nazox 118202 135604 1385203 00001 00001 <0003 04T,
L ni=os me=1s MA=1S Mma=30 00012 ose ocore 039N

| FRaeimoges (ma/au S3En0 WIS5200 0 MAciEs MR oeom 00045 Q0007 am
Factor ¥ (W "= ean=23 22 BL $ 8022 <o “ 0o ~000s! osr?
Fartor WE W 10265 |54l IR LA R ) 00001 LRl <nood Qum
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Hemastatle Dyslunction in FRwote Schistosomiasis

cirrhmsis. Using the cot-off salov propesed by Primignam o) al,
|14, one-thied of our patsersts with Pastern EaF were comiderod
W bave hypedibemolysi which sy lscrvise thelr ok al o
bleeding event. Therefore, we reconsmend for patiess eligible for
srgical peocedures. that Dedimer be macasred during 1he pre-
vargical evaluation, in addion s PT and placke coum, o bevor
wss the rek of hleeding
Ohne fimigation of our smdy 1 that & was condooed as o single
llm'-d the H«qmal lln Clinsas, UFPE. This v the refereesce
ptal for o o Py boco Seato anl reccives the
ment severe exves of d Lk, waually putiesits with o kbsary
ol pese or pnee epiodes of ustroniestiog] bleedmg and beur o

Cantrot Pattern D Pattern E+F
Figure 1, Plasma D-dimer levels in healthy | subj
mummmm

i
!
[

highs peog with b I liver fectino wess, Thus, the
ﬂndﬁlpﬁmmnnudg iy ot excrgolate v all patienss from

(Pattern D) or
. The sofid m fines show D-cimer
mmmmumwmnumnm
the cut-off value for Iyyperfibenolysss [14]. *p<0/001; Kraskal-Wallis test.
dot10,9371/Jourmal pead 00023145001

i
i
g

femic srens wha prosent wich the hepasosplenic form of the
iscase

o comchamon, aur study verified that congulation atmoomalites
it eguatosplents schinosnemiaas are due o Tver Slevsds und portal
hypmrndm. uned additicaally demotarnted thas these abinoes

proteine were greater i patenss whlh ady | peoportal fibeous
(Pattern E4F) than those with contral Ghrosis (Pasiern D), sithough
statieical significance for the diflorence wias anly teached for
protein. C. Neverthebews, our dant sggest that plateler cosats,
Factar VI and protein € sre good peedictons of advanced filwosis,
HI-mlyn wan -l.lnl i patienss with  decompensand
El-Bassiouni et ul. [29] who

u'pomd high mnu-mnﬂu- of -PA and low Jevels of PAL-L
Althennigh PAT- D wis alsir decresmerd oo patienes, the leved of -
PAM’[AH'deMhrmmmplknundmumhln
addition, we found increased levels of D-dimer, most notabdy in
Uiwe patieins with wlvancal periponal @l Paiorn B+
Mavnn Dudener concentration refleets the degree of thrombin
turnoser and consequenely socneased devels ane & good masker of

recent congulaton sml librmolysis Tdeed, Primugnan o1 ol [14]
augessed Daiener ae 4 prediecwor of death in patients wath Toer
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Biond xemupdes were coVlected b dedersvine Ever fotiow, Mond cosmiy, prothrombim (mitermitional sonealiced
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snerlsiond vignounce deiwg 3wt fov a pvale < 005,

Resudt: The oveun upe weet bigher for the Stady Grove than oy the Comteol Growge (54 2 119wy, 48 4 127
yeary), The avwrage bowginadingl dismeter of the gloew was (6.8 cm (Mawge: 124263 om |, Asemia b
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Keywandv: Sch A ! Syl guly: Hyperyd Thrivabuviyng
Introduction

Schistosomiasts mansont (s 4 chronie parasitic desease and the most prevadent tropieal
liver disease m the northeasten region of Brazil There are 200 mallion people affected by
Setastovema mansont worldwide with 600 mallion people being exposedd. Aroond 5-7'% of the
patsents infectod by S, mansoni progress to the mast severe form, hepatosplemc schistosomiasis
(HS). Many of these ;uucmx exhibit hgh mtvtldn) m'uucd with pvnpmul fibeoss, portad

hypertension, spl galy, upper degestive tract hleeding and cytop
Hyperspl wa q ofmmm pl ly s in fmding in
chromic liver di Tnscham i nmmdb(mhymmd the reticuloendotheliad

systen and cquuuu!) venous congestion csed by portal hypertension. Stucies have
reporied o correlan the of spleen size and drogs 10 Blood odl county,
manndy (he platelet count These lindimpgs depend on the seventy of portad hypertensson o
some studies bave shown that thrombocytopersa is more commin in HS patients, especiadly
after epsodes of digestive wact Needeng™ ®

Sommee studes have reported that compensated HS patients exhibst nomsd hepatic fnction
even with som aboommaliies wn ood cloteng Other repoets have called miention & hemostatic
abnoemalities in deconpensated HS pasents who develop ascives sl upper digestive tract Dleading
mcluding mereses o the prothromben wme meomationa noemalizsion tuio (PTINR), puartad
thromboptastin time (PIT), throenben me (1T) and abooomadities in K-dependent foctors The
Siver plays an mportant role in the control of Mood coagulation and desordons of parenchymal hver
cell functon affect the hemostatic system: Laver discedors may be assocaated with the redoction of
coagulation protesn synthesis, i pasticular in cvhoss patrents. These findings ane stll vochear aod
repwescnt A contrdction for medical resesech, especially m stadses ivolving liver diseases soch as
currhwsis andd schistosominsis and other liver disosdens that lead 1o progressive hepatic damage”™ 1!

The purpose of this study waes (0 evaluate the bematological and hemostitie abnoemalitics
0 pabients with severe forms of schistosomsasis, anel possible assocrations with splenomegaly
and partal hypertension

Rev Dwas Ulemsatel Hetrotn JUINARSEA300
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Methods
Diagnosis

Aprospective study was undertaken v olving 33 compensated
HS patients peeviousdy reatod using peaziguanted (50 mg kg) and
30 healthy subjects in the Outpatient Gastrosmestingd Service of
Hosputal day Chimicas of the Umiverssdade Federal de Pernamizico
(LFPE), Reale, Braal from 2010 %0 2012, Patents ad controls
had comparable soctoeconomic conditions including sl
stlanes, educations and lifestyles. The diagmoas wsd consecutive
sclection of HS potients wis based on cimcal hisiory, ph)-cnl
exumination wad an abdomingl i phy that  <h
peniportal fibvosis and: splenomegady, The abdominal wltrasound
wis performed wing an ultnsounsd ansdyser (Aceon X 50, 35
Mz, Ssemens) 1o this, we used the Caro and Nigmey prosocols
o meastre (e longitudinal disencter of the spleen aexd classaly the
potterns of fitwosas s contral fibross (Pattens 1), advinoad fibrosas
(Putten E) or very advanced fibwosas (Pagtern Py =

Upper digestive tract endoscopy wias used either W coafinm
or exclode the presence of esophagead virioes wnd viel madker and
liver fumction tests were performed to exclude virl hepatitis B and
C. Patients sffening from alcoholism (> 60 g day for men and > 40
gday for women)™, systemic diseases wuch as dinbetes mellitus,
eollugenosis, blood Gescuses (lymplnpniiferamc discase and
Iymiphomuas), those thal were taking hepatotoxie, antiaggregant or
anbcoagulant dougs and every patieat with a listory of sphenectomy
o Blood trassf saons (within the prey s 3 monthis) wese carcfully
excluded  Stool samples were exammned 1o detect intestiml
perasates by the Lutz-Folfman followed by Kato Ratr method
Routine bves tests included analyss of aspartole ransammnise
(AST) uloune tousaminese (ALT), alkaline phosplatise (ALY),
garnma-gutamy| tranderse (WIT) and albumin. The Control
Group had the sume exclusion criena os described uhove and
were checked [oe possible contisct with water contarminuied by
the corcarioe of 5. muansom and posstive parasstodogical tess. The
compensated hegrosplenie form corresponds o the seven foem of
disease and includes paticots with hepatosplepomegaly and portal
hypertension, but withool sscites, pundice o enceptalopathy™

Sample collection

About 15 ml of venous blood was drawn under septic
condibors without stass and placed i vacuum tubes (Vacutanes,
Becton Deckinson, UKL The fist Hood sample was placed in &
polypropyiene lube contsening (106 M tnsodum cilrate a a Hood-
anticoagulant mio of 91 These tbes were used fon e coogulation
tests (P, PTT, fibanogen and D) The Mood sumgles were
centrifuged o 2000 g for 1S minttes ol 4°T Subsequernsly, the platelel
Tee plasea wis quickly dstnbuted in 0.5 mil. aliquoes in plastic-

ALT, yGT, ALY, wbumun) using beochensistry wbes (Becon
Drcdamson, UR) and the assay wee porformed usang tho COHAS
000 anatyzer (Roched. The aliguots of plasmo senmm samples were
also stared for the oder sests. The hemostatic tesss (PTINI FTT,
fibrinogen and D-dimen) weee camed oot in an sitomated photo-
optical cosgulometer, (Tninity Bictech, Acton, Irelaod) following
the marmufacturer s instrictions. The study wis condocied acconding
to the porms of the Declaration of Helsinki, The peotocols for the
colloction and vse of human samples were submitted and approved
by the Rescarch Ftbues Comenitiee of the Health Sciences Center of
the UTPE (N7 02811, All subsects reces ved an explanation abost he
sudy and signed informed copsent lonms

Statistical analysis

Stotistcnl amalyzes were peformed using the unpured
Student test and Fishers test for contingency analyss These
anslyzes wore perdosmed using the Statistical Packige Tor Socul
Sciences software (SPSS 170, Chicago, 1L, USA) Conunuous
vanables were expressed a5 mouns & standard deviatson (8D),
median and range Farthermose, the Pearson convlaton test wis
employed 10 examine the rebatioaship between the longitudinal
dameter of the spleen and plaselet counts. P-valucs of less than
0103 were consdered statistically sigmficant

Results

The resalts are shown o Tables 1 & 2 and in Figons 1 o4
The patients had o men age of 34+ 139 yeaes and the 30 control
subypects had a mean age of 383 = 137 yewrs (pvalue < 0001
best 1o difference wans founsd i respoct to te pender. The Niamey

Table ¥ - Liver fu tests 10 hepatoepk his s panenss and
the Comtrol Grotgy ' :

Cuntend
Vurtoble el ""f;':,"‘"" proahe

Paicipares » 5

AST (upitn/L ) soedfian toange ) 215N IAS201) <0
ALY (UL rvalions (ramge ) 750917 (12257 «odom
ALPETILY mwdon (range ) G20 % LA Xh S A B « Qo
YOT OV L) median (nmge ) MIN mae%) «<omm
Albusres (g 1) (emens 2 5D ELES ) I «OOOL

TUT erversa-ghtasmt tranderase

capped s s stoeed o R for s months untl gy
second saempd, placed matube contaning oty lenediampetetnsscctic
acid (EDTAY was used for the complete blood coun (CHCH A
Hood smear wars peepased and staned for conventional microscopic
analysis The CBC was cimed out by clectical impodanee o
light dispersion ssing o Pertra 120 analyzer (ABX, Soo Paulo, S
Brazal), A therd sampbe was collected for routine liver tests (AST,

s B Hiestatod Theonaee 200035050 5320

Table 2 - Poanb ol e hepaospk hisais O
according W type of extoponia ‘

ne A Chtopemian " “
Na (ytopena n s
Leubogersia in sekatbon 4 7
Thrombocytopenia in isodaon ” ML
Hecylopenia " Ay
Varey Lopenis " "
Total " "0

s
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A fotal of 38 (60 )
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Furthermowe, 14 5% of patents bod platelet counts befoww 30 x

AL (Table 1) These was an inverse correlation between th

longitudinal diameter of the spieen and the platelet count (Figare

2) 10 was ulso found that 363% of patents had anemiean aned
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peticent) Tabde 2 shows the Gstnbution of HS patients according
to the type of eytopemn. Figure 3 demonstrates (he mussve
splenomegaly of ane patent with schistosomiass.

Figure 4 demonstrates that HS patients presented  with
mereased INR, FIT, and fibnnogen and D-dimer concenitntions.
There were significant dfferences in respect 1o these passmeters
on comparing the Contrd Groap with patients (p-value < 0.001)

Discussion

Toetal hyper X themostimp ’
of S marsont mfections. Due 1o the litwolic process
venous congestion, 1S patients develop hemodynoeme changes
aswocsuted with splenomegaly and high morsdity nes™ In a
recently study in the sane regon, Dhas ot al '™ showed that 61'%
of HS patients hud advanced o very advanoed penpontal fibeosis.
In the conrent stdy, & 1S patsenty presented with o sevire foem
of IS and portal hypertension, 3R (699) ad sdvanced and very
advanced liver fibrosis (pattern E+19) and 34 (61 8%) patients had
gostrointestinal bleeding. Thas proves that these patients have
atvaneed disvase and that changes i liver function tests may e
wlated 10 the high frequency of advanced fibrosis.

Camacho-Lobato of ol pod Tanabe reported that o large
number of HS patients present conserved liver function even
with penportal fibrosis™ ' Flowever, this study demonstrates
elevated liver function tests wd remarkable  changes
coagdabion fests Some sudies have reposted vined frequencaes
of thrombocytopenia (30 w0 75%) depending on the stage of
portal hypertensson™ ' Lower values of platelet counts are seen
especislly in patients with 1S afler gastroentestinal bleeding Thes
wians also seen (e current work with the possible cause being
the Increase of spleen and hyperspleniam leshng to frequent
thrombocytop leukoy and anemia

Thrombocytopenia s o common feature e chronie lives
drsese. Comen of ol ™ showad that thromly can be

S em &

compensated by increased levels of von Willebrand factor in
HS patients: Other studies have shown that neardy 50% of S
patients exhibin thrombocytopenia, 167 bicytopenia snd 7%
anemia o leukopenia™. Anemia i peticnts with liver discase
is often multifactorial and may be associated with won wnd folic
oad debeiency or even an inflammatory process. Red blood
cell survivid is often shortened in chrome liver discase with the
inereased spleen being o magor site of red blood el destruction™
In this stidy, high frequencies of thrombocytopenia (74 19),
leukopenia (47 3%), anemia (36.37), bseysopena (309%) and
pancytopenia (182590 were found. The high logquencies of
eytopentas found may be sssocied with the mcnesed spleen
stz and the consequent hypersplenism lesding 10 an increase
in scavenging and retention of Blood cells in the spleen, masndy
plictets and white blood celis Funthermore, anerma may be
secentusted becsuse of the w socsceconomic satuuon of the
patients and due 10 blovd loss from upper digestive tract blceding

Berzigotti et ol usad the dimmeter of the spleen
combined with platelet count as a noniwasive marker of portal
hypestension; these tools can also be used 10 predict esophageal
vances and upper gastrointestinal bleeding episodes, espeaally
n asymptomatic paticnts with cirhosis. In this study, an imverse

s B Hiestatod Theonaee 200035050 5320

telstionship wos found between platelet count and longtudinal
Geumeter of the spleen. Conoomitint enlargement of the spleen
from 15 10 20 cm together with o platelet count betow 100 x
1P L s am excelient predictor of ponal hypenension, esophageul
vances and upper tigestive et bleeding, oven in asympeoematic
patients with schestosomuasis  These 1wo parumeters combined
with un anoreased INR conld be o useful noninvasive ool o
predict o dilferent behavior of portal hypertension i pabents
with HS Neverthedess, further studies are peoded 10 idenily
other nommvasive markers wd thus validise o seore (0 clsaly
the different stages of schisiosomiasis and other fiver dsseases

A tecent study showed that the levels of thromboposelin
andd reticubimed platelety were | in sch patients
with portal hypestension and that the bone mummow produces
platedets normally™ The cytopenioy in schestosomaisy patsents
may occur because the cells wo retmned in the spleen due 10
Gificulty i drasnang portal ood. Additionally, platelets may be
retmned in the sinusondal spaces of the ibvotic Liver. Some studes
have shown that the degree oF liver fibvosis ks assocated with
the degroe ol esoptgeal vances and that the nsk of bleeding s
assocvited with the degree of liver fibeoses™ ! Studses by Ripke-
Aguiar et al ® report that there aee no changes in the production
of platefets in the bane mammow in schistosomiasis patients

Conclusion

The preseat study  suggests that  the  hematologcal
dbnomsalities seen in HS  patients e associled  with
splenomegaly, hypersplenism and portal hyperension. Howeyesr,
further studies are needed o venfy whether the platelet count
gt be o noadnvasive ol (o assess portal hypentension

Financrl suppont. Conselho Naciond de Desenyvolvimemo
Cientifico ¢ Teenoldgico, Fundagio de Ampuro 4 Cidncia ¢
Teenologen de Pemambuco, Coordenagho de Aper csgoamento de
Pessoad de Nivel Supenor
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(& rdurm fipriat i w plant popubardy used for dish in Brsail Prog deckine it renal uul hepatic functions s
beens ibed in g with dish tivelbitas, and mortality rase i § d it p s with chromic liver and renal disease
This Atudv akmed w evaluate whether Crntuen tapia bark lectin ((.r.mlu.) Improves hypcrllyczmu and senal and hepam damage
in diabetic mice. CrataBL was pursfied by ion exchange o by on CM-cellulose, and int Istration of
CrataBL to alloxan-induced diabetic mice st dose of 10 mg/Kg/day and 20 mp’l\yohy for 0 days ﬂgllfxlmly udncvd serum glocose
leveds hy u 0% and 55.9%, tespectivedy, Serans ures, creatinine, ay ferase, and al wminot ransh were alsw

doced aftor with both doses of CrataBL. Furth histological analysis of liver, kidney, and pancreas
revealed an imprevernent in the tissae morphology upen treatiment with CrataBL The residts suggpest that CrataBE has 2 beneficial
hypoglycemic activity and insproves the renal and hepatic complications of diabetes, Therefore, this lectin may bo a promising
agent for the treatment of dlabietes, and this might be the basks for it use in the folk medicine as n aliernative trestment 1o manage
disbetes-related complications such as hyperghycemia and tissue damage.

1. Introduction

Cratacwa tapia {also known as Cratea tapia), & plant of Cap-
paridaceae family, is commonly found in Pluvial Tropical

that bind specifically and reversibly to different types of
carbolydrates or glycoproteins and can be obtained from
several sources, mainly from vegetal [3]. Several plant lectin
have been demonstrated to possess a varlety of blological

Atlantic Forest und Pantanal Tropécal Forest in Brazil (1], C.
tapia is known by Novtheast Hrazilian people as “pandalho”
or “tapld” and its bark i largely used in the folk medicine
for the treatment of disbetes. Recently, a lectin with
molecular weight of 40kDa (CrataBlL) was purified from
the aqueous extract of (mlmu lupm bark [2]. Lectins are
carbohiydrate binding pr , of enic origln,

activities including antitumor [4-6], anti-inflammatory |7,
8], antimicrobial [9-11}, analgesic [4], antioxidant [3] insecti-
cidal [2,12-14], anticoagulant [15], and hypoglycemic [16,17).

Diabetes mellitus 15 & chronke disease considered to
be one of the five leading causes of death in the world,
and It is a comph bolic di with great devel-
opment of pathological chianges 0 many tissses [18). The

112



Repercussées Metabdlicas em Doengas Hepdticas Crénicas — Fonseca, C. S. M.

disease is characterized by alteration In the carbohydrate
metabolism resulting in an increase of the glucose levels [19],
Approximately 360 million of adult people have diabetes,
corresponding to 8.3% of the world with diabetes, and this
is projected to rise to 552 million by 2030, carresponding to
9.9% of the world population {20}, The hyperglyemia in dia-
betes produces superoxide anions, which generate hydroxyl
radicals, promoting cell membrane damages as u result of
lipid peroxidation and protein glycation of membrane (18],
In diabetic Individuals the major alterations occur in renal
und hepatic tssue and have been assoctated with functional
and morphological damage in these organa [21, 22). Among
the lications of diabetes the nephropathy is
a chronic disease that affects 40% of individuals, Diabetic
nephropathy i responsible for 50% of chronic renal failure
cases (23], Furthermore, hepatic dysfunction promoted by
diabetes can result in nonalcoholic steatosis, hepatomegaly
amongst others [24].

Studies have reported that the doubts about the efficacy
and aafety of some of the oral hypoglycemic agents have
prompted a search for safer and more effective drugs in the
treatment of disbetes [25]. Thus, the aim of the present study
was to investigate whether CrataBL from C. tapia bark is o
metabolite with potential antihyperglycemic activaty.

2. Material and Methods

21, Chemicals, Alloxan monobydrated and CM-cellulose
was purchased from Sigma-Aldrich Chemical Company, St,
IMMO.L?SA-' 15, (:- 11 N)Wllr 4 mem
Lilly, Brazil. All the other chemicals used were inan analytical
grade:

2.2, Mlant Material. €. tapia barks were collected from the
Recife City, PE, Northeast Brazil. The plant was identified
by Institido Agrondmico de Pernanbuce (1PA) and a voucher
specimen was deposited (n* 61.415).

23, Purification of Crataeva Topia Bark Lectin, €. tapia
bark lectin was obtained through & sequential purification
protocol as previously repurted by Aradjo et al. (2], Powdered
bark (10g) was suspended in 0.5 M NaCl (100 mL), After
homogenization in a magnetic sticrer (16 h at 4°C), followed
by fltration through gauze and centrifugation (4,000 xg,
15 min), the supernatant (crude extract) was taken as starting
muterial Soluble proteins in crude extract were fraction.
ated with ammonium sulphate and the 30-60% precipitate
fraction (30-60F) was submitted to dialysis (3506 Da cut-
off membrane, 4°C) against distiled water (2h) followed by
10 mM citrate-phosphate buffer pH 55 (2h). The 30-60F
was applied (11 mg of protein, hemayglutinating activity of
1024) into a CM-cellulose chromatography column (5.2 ¢m x
L6 cm) equiltibrated with 10 mM citrate-phosphate buffer pH
55 at flow rate of 20 mLh™". The unabsorbed protelns were
cluted with the buffer sofution until the absorbance at 280 nm
was lower than 0.05; CrataBL was eluted with 0.5 M NaCL
Protein concentration was determined according 1o Lowry et
al. 126] using bavine serum albamin as standard,
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Fraums 1 Fasting serum ghocose levels in dabetic mice afer trest-
ment with Cratalil. CG; contyol group; DNT: diabetic nontseated;
DTIe: disbetic treated with CrataBL (10 mg/kg); DT20: disbetic
treated with CratallL (20 mg/kgli DIT: diabetic treated with imsalin
(0 mg/kgl, * P < 0.05 vermas OG: ' < 0,05 wers DNT; ' < 0,05
versus DT

24, Animals. Female albino Swise mice (M mouscsdies), six
weeks of age, weighing 30 + 5g, bred in the Blotherium of
Departamento de Antibiaticas, UFPE, Brazil, were housed in
colony cuges {six mice per cage) at room temperature of 22
+2°C, relative bumidity 40-60%, and 12 h light and 12 h dark
cycle. The mice were fod standard rodent diet {Labina, Purina
Brazil Ltd., Brazil) and water ad libition, The experimental
protocel was approved by the Animal Care and Use Commit-
tee at the Federal University of Pernambaco, Brazil (CEEA-
UFPE-Oficio n" 40/06). All experimental procedures were
conducted in accordance with the ethical guidelines for Care
nnd Use of Labaratory Aninals.

25, dduction of Dibetes in Mice: Experimental diabetes
was induced in overnight-fasted mice by a single intraperi-
toneal Injection of freshly prepared alloxan monohydrated
(80 mg/kg in 0.9%NaCl solution), After alloxan adminis-
tration, all animals were relocated to their coges and given
free access 1o food and water. Diabetes was confirmed by
measuring the fasting blood glucose levels 72 h after alloxan
injection. The mice with serum glecose of >250 mg/dl, were
considered diabetic and were included in the study,

26, Experimental Design. The mice were split into four
groups (n = 6, for group) as follows:

Groap (I)—normoglicemic mice receiving saline
solution (0.9%), as control group;

Group (11j—diabetic control mice, named disbetic
nantreated;

Group (Ill}—diabetic mice treated with CrataBL
(10 mg/kg/day, intraperitoneally) in saline solution
(0.9%) for 10 days, named diabetic treated My
Group (IV)—diabetic mice treated with CramBL
(20 mekg/day, intraperitoneally) in saline solution
(0.9%) for 10 days, named diabetic treated 20;
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Fraums T Sersun sspartute aml e levely In diabetic mice
after treatment with CrataBil. CG: coatral DNT: diabetic
noateeated; DTI0: diabetic treated with CrataBL (10 mg/kg), DT20:
diabetic treated with CrataBL (20 mg/kgh; DIT: dinbetic treated with
ansilin (10 mgikg). * P < 0.05 versas CG; ' < 0.05 versim DNT.

Group (V)—diabetic mice treated with insulin
(10 mg/kg/day, intraperitoneally) for 10 days, named
diabetic insulin treated,

Before und ot the end of the experimental period, overnight
fusting mice were ansesthetized with 2% xylazine hydrochlo-
ride (10 mg/kg) and 10% ketamine hydrochloride (115 mg/kg);
blood wmples were withdrawn with a capillary from mice-
cavernous sinws for biocherical parameters deteemination
[27]. The mice were sacrificed by cervical dislocation, There-
after, pancreas, liver, and kidneys were excised and immedi-
ately fixed in 10% neutral butfered formalin for histological
analysis.

27 Effect of CrataBL on Biochermical Data. Mice blood
samples were centrifugied at 2,500 g for 15 min at 4°C (Soevall
RCA.NC.US).Saamohmdanhh:levdsolﬂngln
cose, urei, i aspartute ami sterase (AST), and
alanine aminotransferase (ALT) were mseasured by enzymatic
colorimetric methods (Labtest Diagnostica, Brazil/SA) in a
chemiatry autoanalyzer (COBAS 6000, Roche Diagnostics,
England).

28 Hustological Analysis of Pancreas, Kidneys, and Liver,
Pancreas, kidney, and liver lrom all groups were mbjtacd
10 standard routine tissue p

in gradual ethanol (so-mmf.) deared in xyl:ne‘nnd embcd
ded in puraffin. Sections of 5pm thickness were cut from
each block and stalned with haematoxylin-cosin for histo-
logical examination. Prepared alides were studied by light
microscopy and all sections were evaluated for the tissue
mjury,

2.9, Statistical Amalysis. Values were expressed as the mean £
SD. Multiple comparisons were amalyzed by one-way ANOVA
followed by Tukey's post hoc test. Far all analysis the 0.05 level
of probability was used as the criterion of significance. The
analyses were carrled out using software PRISMA (GraphPad
Software, Ine., $an Diego, CA, version 5.01),

Tamir ¥ Serum urea and creatinine levels in diabetic mice after
treatment with CrataBL

Growps Usea G

oG RN 0302 001
DNT 589 4+58° 0.39 2 0.04"
o1 467 166" 033+ p.0os'
D10 Mos29t! 032 + o4’
mr a1 128 0324002

€ contrad grogy DNT: disbetic ammereated; DI dishetis troned with
Cratalit, (10 swg/hgh: DT diabetic treatind with CrataBL (20 mg/kg; DIT
disbetic treatod wigh mfin (1 mgfgh *P < 005 verses OGP < 006
verus DNT

3. Results and Discussion

J. of CrataBL en Fasting Glucose. Diabetes s a

nmuboltcdhoderwllhuhuua«lnk modulation
n" 1 et s bendi
xhawdamgrwhldrmbcfoundlnmmyommmd
wystems, with quent often serious di 128, Alloxan,
a prominent diabetogenic chemical with ability to generate
reactive oxygen species formation that induce death of § cell
of the pancreas by is [29], is considered a good model
for Jucible induction of the abolic state of this
disease in experimental animals [30-33]. Thus, in this study
the mice subjected to alloxan injection showed symptoms
of seveee diabetes aud\ as hyperglycemia. Insulin teeatment,
a5 & positi Hdates our model by showing the
mlpmvemmmdubdu

In a previous study, the acule toxikity of CrataBL
was determined In mice; at the doses from 300 mg/kg to
2000 mg/kg, mice did not present weight loss or death, and
LDy, of CrataBL was 2500 mgikg [4]. Therefore, CrataBl.
concentrations used in the p study are considered safe,
without prablem of toxicity, and indicate that the lectin s a
potential pharmaceutical substance,

As demonstrated in Figure I, CrataBl. proved to be an
effiective hypoglycemic agent after 10 days of treatment and
nlmod significant mtlll)‘p«ghmmk activity In a dose-

inal d diabetic mice, and at
lhcdmedzomydayncxhﬂnmdbemrﬂmmm
(56%) than 10 mp/Ag/day (15%), and It was similar 1o that
found by the treatment with the stundard drug, Insulin
(6:4%), without no significant ditference (P > 0.05). Studies
with soya bean lectin reported a decrease of 17.3% in blood
plucose, and it was suggested that this effect i due 10 an
increase in growth stimulated by the lectin |34,
Wang et al. {35] demonstrated that Agaricus bisporus lectin
administration could partislly reverse the impaired fS-cell
growth potential by regulating cell cycle proteins (cyclin DI,
cyclin D2, and Cdk4). So, induction of pancreatic f-cell
iom by lectins suggests the therapeutic potential in
decreasing blood glucose and treating experimental diabetes
mellitus {34, 35].

Medicinal plants are gaining wide bly worldwid
bemxlhqmthepﬂﬂﬂnlmdhmchumin
use as pharmaceutics, In o fast changing world, a number of
procedures to evaluate hypoglycemia as well as the kidney
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Fraums 3; Servm alanine aminotransferase levels in dlabetic mice afier treatment with CrataBlL, CG: cuntrol grougs DIN'T: diabetic nuatrested;
DT10: diabetic treated with CratalSL (00 mglkgl DT20 diabetic treated with Cratafil (20 mg/gh DI diabetic treated with insulin

(0 mg/kg). " P < 0.08 versus CG; ' 7 < 0.05 versus DNT.

Frasax 4 Huteputhological chasges in pancreatic tissae. (0) Control groop —preserved pascreatic jslet of Langerhans (curved arrow ) and
preserved pancrestic scinar cells (straight arrows); (h) disbetic nontrested—atrophic pancreatic lslet of Langerhans with few cells (curved
arvow) aod the presence of some vacuckes 1o the pancereatic acinar cells (straight arrows); (¢} diabetic treated with CrataBL (10 my/kg)

pancreatic badet of Langerbans (curved arrow) and preserved pancreatic acimar cells (straight arcows); (d) diabetsc treated with CratallL
(20 1mg/kg )~ preserved pancreatic islet of Langerhans (curved arrow ) and preserved pancreatic acinar cells (straight arroves | and blood vessel

(bd). Hsematonylin-eosin: 400x

and liver damage have been used to investigate the effectivity
of new natural agents which are explored by experts and
clinkcians {36-39]

32 Effects of CrataBL on Markers of Kidney Damage. As
shown in Table 1, Jevels of urea and creatinine known ss
kidney function markers were significantly increased in sera

of alloxan-induced diabetic mice, in comparison with normal
mice. After 10 days of treatment with CrataBl, the levels of
urea and creatinine significantly decreased, The diabetic mice
treated with CrataBL at doses of 10 and 20 mpgkg reduced
serum levels of urea by 20.7% und 25.3%, respectively, and the
same doses decreased creatininie concentration by 15.4% and
17.9%, respectively. Insulin, the positive control for treatment,
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Froune 5: Histopathological changes in hepatic tissue. (a) Control group—centrilobular vein (V) proserved hopatocytes (white arrows),
and sinmsoidal capilaries (thin arrows); () diabetic nontreated —centrilobular vein with many red blood cells (V), inkense mitotic activity in
hepatacytes farrowheads), and the prosence of simuvosdal capillaries (thin arrowsk (<) diabetic tremed with CratsBL (0 mg/Rg—ventrilobular
ity (V) and considerable mtotic activity (n hepatocytes {arrowheads) (d) diabetic trested with CrataBSL (20 mp/ky)—centrilobedar vein (V)

and preserved hepatocytes (arrowheads). Haematoxylin eosin: 400x.

deceeased these markers of renal damage by 26.8% and [7.9%.
Our results are in agreement with recent by Kumar
et al. [39), Omara et al, [40}, and Yankuzo et al. [41] who
demonstrated that renal damage can be ameliorated when
the levels of serum ures and creatinine are decreased by
treatment with extracts of medicinal plants.

Kidney damage is usvally associated with diabetes In the
inithal course of diseae the presence of hypertrophy of the
glomeruli and tubular cells, matrix expansion, and enhanced
renal blood flow is ¢ and these alterations have been
postulbated to cause loss of renal function |40, 41]. High levels
of urea and creatinine are usually reported as one of the
most sensitive markers of kidney damage, and It is reported
that renal hypertrophy in diabetic animals is caused by an
incrensed formation of advanced giyeation end products and
accumulation of glycogen granules in distal tubules [42, 43].

Thaus, our results ciearly indicate that Cratalil. possesses
an effective potential to improve kidoey damage induced by
alloxan-diabetes.

33, Effects of CrataBL on Markers of Liver Damage. As
compared to the controd roups, the activities of the markers
of liver damage serum AST and ALT were significantly
(P < 0.05) reduced in alloxan-induced diabetic mice after
treatment with 10 or 20 mp/kg of CrataBL; the activity of AST
was reduced by 66,2% and 67.9%, respectively (Figure 2) and

ALT activity was decreased by 28,9% and 36.6%, respectively
{Figure 3). These percentiges of reduction were similar to
those observed with insulin treatment. Therefore, adminis.
tration of CrataBL for 10 days reversed the elevated levels of
liwer marker enzymes, which reflects the capability 1o con-
serve the membrane integrity of cellular and mitochondrial
membranes of hepatocyte in all flabetic mice treated
with this Jectin.

Our results are In sgreement with those of Mansour et
al. [25] who reported that hepatic damage can be improved
by decreasing the levels of serum AST and ALT in alloxan-
induced diabetic rats subjected 1o treatment with herbal
bloactive agenis. It Is well known that Tiver is the focal organ
of oxidative and detoxifying processes [22]. Liver diseases
are a high problem of bealth workdwide and the release of
intracellular locallzed marker enzymos such as AST and ALT
into the blood when cell and mitochondria are subjected 1o
injury indicates hepatocytes damage [44, 45]. Furthermore,
the devated serum levels of AST and ALT in nontrested
diabetic mice (Figures 2 and 3) indicate thar alloxan cassed
liver damage and loss of the tunctional integrity of the
hepatocyte membranes, us also evidenced in a study reported
by Rajesh and Latha [45] about hepatotoxicity of polyherbal
formulation,

As indicated by serum levels of AST and ALT CrataBL is
able to improve liver damage.
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Froume & Himapatbological changes in renal tissne of the normal and dabetic mice. (1) Control group—renal glomeruli (G) with preserved
subcapaular spaces (left) and collecting tubules (stars) without -Jmup:: In the medallary regian (right) (b) diabsetic nontrested —retracted

ghameralar tufts (G) with increased sbcapsular space and eviclent th

of parietal layer of B Je due 10 have been entirely

- L

replaced by the cuboldal cells (left) and preserved collecting tulsales (stars) m.m Haensasugylin-ensin: 4005,

3.4, Effects of CrataBL on the Histopathological Changes of the
Pancreas, Liver, and Kidneys. The structure of the pancreas
of the control wnd diabetic mice are shown in Figure 4,
Pancreas of control group showed normal pancreatic islet
of Langerhans and acinar cells (Figure 4(a)). By contrast, in
alloxan-induced diabetic mice the acinar cells were al

action of CrataBL corroborates with Aguricus bisporus lectins
(ABL). The ABL administration could partially reverse the
impained fi-cell growth potential by induction of pancreatic
Islet proliferation [35], Thus, the antidiabetic effect observed
by Cnunl ndmbnkmnm wuggests the therapeutic potential

with presence of vocuoles; furthermore deteciontion of
pancreatic klets was also observed (Figure 4(b)), CrataBl
(10 mg/kg) treatment increased the number of pancreatic
isdets as compared to that of disbetic nontreated animals
(Flgure 4(c)). Interestingly, pancreatic section of diabetic
mice treated with CrataBL (20 mg/kg) shawed pancreatic islet
similar to that of the control group {Figure 4(d)).

The histopathological unalysis of pancreas isolated
from mice administrated with all alone  revealed
tissue damage with deterioration of puncreatic ilets, In
this connection, it may be observed that several authoes
rcpotwd -uch dnnges in  pancreas tissues of mice exposed

! for its ability to induce
nm:lm oxygen w«m (ROS) formation, resulting in the
selective pecrosis of beta odls In pancreatic islets [29, 39,

46, 47). However, the diabetic animals treated with lectin
from C. tapia bark showed | architecture of pancreatic
tissue, suggesting the regeneration of pancreatic isbet by
Cratall, administrations. The ability of lectins to stimulate
pancreatic growth has been u-pom-d [48]. The regencrative

in pre i and/or i

Figure 5 slum the pbmnmlaognphn of hqunc tis-
sues of control group and diabeti
The section of liver tissue of cnmml mice demonstrates
preserved hepatocytes, centrilobular vein, and sinusoidal
capillaries (Figure 5{a)). In the alloxan-induced disbetic
mice the histopathologlcal analysis of hepatic tissue shows
intense mitotic activity in hepatocytes (Figure 5(b)), CrataiL
(10 mg/kg) treatment exhibited considerable mitotic activity
in hepatocytes (Figure 5(c)). Similar to the control group,
diabetic mice treated with CrataBL (20 mp/kg) also revealed
an equivalent architecture of hepatic tissue (Figure 5(d}).

The photomicrographs of renal tissues are represented in
Figures 6and 7. 7 Figures 6(a) and 6(b) n:pmem the renal tis-
sues of | group and diabeti d group, respec-
tively. Kidneys of control group shaw normal architecture of
tissue with ;m»cfvrd wbupmhr spaces In g,lomcrul! and
col tubul th h in the medullary region,
Ditferently, the renal tissue of & alloxan-Induced dhbctk mice
shows retracted glomerular tufts with Increased subcapsular
space and evident thickening of Bowmans membrane due
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Fraune 7: Histopathological changes in renal tasie of the dishetic mice treated with Cratalil. (a) Dishetic treated with CrataBiL (00 myg/kg }—
renal glonseruls (G) with irregular subcapsubar spaces wisd sonse distinaly collapsed (lefi) and collecting tububes withs slight swelling of the
tubsalar eptbelium (stan) (right); (b) diabetic treated with Cratalil. (20 nagikg)—preserved renal glomeroli (G) (lefi) and peesence in the
medullary regioo of collecting tubuoles (stars) with evident swelling of the tubular epithelbam and hyaline casts (he) (right), Haematoxylin

cosin: 400x.

to the cubold appearance of epithelial cells, In kidneys of

il induced mice 4 with CrataBL (10 mg/kg) renal
glomeruli were evident with irregular subcapsular spaces and
some distinetly collapsed (Figure 7(a)). However, renal sec-
tions of diabetic mice treated with CrataBiL (20 mg/kg) show
preserved renal gl uli and p in the medullary

4. Conclusion

Our results indicate that CrataBL is 4 good agent in control-
ling diabetes induced by alloxan and improves the damage
on kidneys and liver tissues. The findings of this study also
Indicate that the active principle present in C. tapia Is Crat-

region of callecting tubules with evident swelling of the
tubular epithelium and hyaline casts presence (Figure 7(b)).

The elevatod bevels of glucose contribute to the generation
of ROS In the diabetes, which promotes to the Increase
of oxidative stress in various organs and tissues [49, 30|
In addition, the hyperglycemia provokes hepatic and renal
damage and consequently has been associated with histo-
logical and functional alterations and liver and kidneys [51,
32]. In fact, these organs are the focal of important organic
functions and damage p ted by diabetes can result in
severe complications with pephropathy and lcohnlic
steatosie [23, 24|, The current study demonstrated that
CrataBL treatment improves the hepatic and renal histologic
dumage nduced by diabetes. These findings correlated with
improved blochemical markers of liver und ronal functions
by CrataBl. Taken together, these results may contribute to
a better understanding of the regencrative effect of CrataliL
it pancreas and protective in liver and kidneys, emplsasizing
the utilization of this lectin in the treatment of complications
associated with diabetes mellitus.

aBL, which ia a lectin responwible for the antihyperglycemic
activity found in this study and that could explain the basis
for its use in the folk medicine as an alternative treatment
for diabetes. Thercfore, we conclude that Cratalll. serves
2s an excellent candidate for an alternative therapy in the
treatment of diabetes mellitus since it revealed an antidiabetic
activity and other beneficial effects that ameliorate diabetes
and assoclated complications
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Abstract

Background

Schestosomiasis mansoni (s a chronic liver disease. in which some patients (5—-10%%) prog-
ress 10 the most severe form, hepatosplenic schistosomiasis. This form is associated with
portal hypertensicn and splenomegaly, and often episodes of gastrointestinal bleeding,
aven with liver function preserved. Splenectomy s & validated procedure to reduce portal
hypertension following digestive bleeding. Here, we avaluate beneficial effects of splenec-
tomy on blood coagulation factors and liver function tests in hepatosplenic schistosomiass
mansont comparad to non-operated patients.

Methodology/Principal Findings

Forty-five patients who had undergone splenactomy surgery were assessed by laboratory
analyses and ultrasound examinabon and compared to a non-oparated group (n = 55,
Biood samples wera obtained for Bver tunction fests, platelet count and prothrombin time,
Coagulation factors (11, VI, VI, IX and X), protein C and antithrombin lla, plasminogen
activator inhibitor-1 were measured by routine photometric, chromogenic or enzyme-linked
immuncsorbent assays, while hyperfibrinolysis was defined by plasminogen activator
inhibitor-1 levels. Both groups had similar age, gender and patiern of periportal fibrosis,
Splenectomized pasents showed significant reductions in portal vein diameter, aikaline
phosphatase and bilirubin levels compared 1o non-cperated patients, while for coagulation
actors there were signilicant improvement in prothromisin, partial thromboplastin tirmes and
higher levels of tactor VI, VIIL, 1X, X, protein C and plasminogen activator inhibiior-1.

PLOS ONE | DO10.1371 jourmal pone 0135370 August 12, 2015
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Conclusion/Significance

This study shows that the decrease of flow pressure in pontal circulation after splenectomy
restores the capacity of hepatocyte synthesis. especially on the tactor VIl and protein C lev-
els, and these findings suggest that portal hypertension in patients with hepatosplenic

Introduction

Schistosomiasis causes ane of the most prevalent liver diseases, affecting more than 200 million
pmplclnuverﬂdiﬁ:ruucmm!riamdunmknpwbchuhhpmbkminll:euouhasl
reglon of Bragdl [ | -2]. Nearly 10% of patients infected by Schist gress to the
maost severe form, hepatosplenic (HS) schistosomiasis, which is characterized bypcrvoml
fibrosis (PPF), obstruction by eggs of intrahepatic veins, presinisoldal portal hypertension,
splenomegaly, hemodynamic and lipid abnormalities, frequently resalting in upper digestive
bleeding [3-5].

Upon blocking the terminal branches of the portal vein, the deposition of numerous S man-
sani eggs provakes granul with subsequent fibrosis, intrahepatic portal vein
obstruction and increased resistance of blood flow to the si ids {0, Sph galy results
from the congestion caused by egg obstruction and fibrosis and also from hyperplasia of cells
of the reticuloendothelial system, induced by immunoltogical stimulation duc to antigens
released by the worms and eges | '~4]. In addition, it has been reported that splenomegaly
feads to thrombocytopenia, assaciated with hypersplenism, in more than 60% of patients with
HS schistosomiasis, especially in the advanced stages of the disease; however, redatively few
patients present symptoms due to hyperspienism and need surgery | 10],

‘The increased resistance to portal inflow and the hyperilux in the spleno-portal termtory
due to massive splenomegaly both trigger presinusoidal portal hypertension | 1113, In schis-
t1osomiasis mansoni, PPF forms around the portal branches, whilst maintaining the architec-
ture of the hepatic parenchyma and a normal synthetic capacity of the hepatocytes [o,14].
Nevertheless, PPF may induce slight increases in the liver enzymes, alkaline phosphatase
(ALP) and gamma glutamyl transferase (yG1) [11]. On the other hand, we previously reported
that in HS schistosomiasis the common markers of liver ijjury, alanine aminotransfernse
(ALT), aspartate aminotransferase (AST), ALP, yGT and bilirubin, are all significantly higher
than in a control group of uninfected individuals [15),

Patients with advanced HS schistosomiagis often have abnormulities in hemostasis and
fibrinolysis. These include prolongation of prothrombin limr (1), partial thromboplastin
time (PPT), thrombin time (T7) as well as thrombocytop hypofibrinog, ia and
dmmofmanun K-dependent factors, which relate to the low degree of disseminated intra-

lation | 14-17]. M , some patients with HS schistosomiasis may present
wulhhyperﬁt lysss and a ¢ dency for bleeding levels of D-dimer and tissue
plsminogen activator are mcn:ued. while plasminogen activator inhibitor-1 (PAL-1) s
reduced [15].

Splenectomy with ligation of the left gastric vein and esophagogastric di ction has
become a good therapeutic option to reduce poml hypertennon after qmodesol gastrointesti-
nal bleeding {8,1)]. Nevertheless, 13 to 53% of p with HS schi iasis develop portal

vein thrombosis following this procedure |14 l')l To better understand this complication, the
present study has compared serum levels of liver enzymes and the hemostatic profiles in

PLOS ONE | DOI10.1371 journal pone 0135370 August 12, 2015 2/10
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patients with HS schi iasis, one group having undergone surgical spl y and the
other being non-operated.

Materials and Methods

Ethical Statement

Each putient received an explanation of the study and signed a free and informed consent
farm. The study was approved by the Ethics Committee for Research on Humans at the Federal
University of Per b Brazil (Number 028/11), in accordance with the Helsinki Declara-
tion of 1975.

Patients

Omne hundred patients with HS schistosomiasis, 45 that had been splenectomized and 55 non-
operlt:d.w:r!consa:umly lected during attendance at the outp linic of the Gastro-

iy Di Haospital das Clinicas of the Federal University of Pernambuco, Recife,
Brazil, Ixmeal April 2011 and December 2012, All patients had been previously treated with
praziquantel {50 mg/kg) at least 6 months before enrolment in the study,

The diagnosis of schistosomiasis was based on dinical history, carlier contact with water
bodics in the endemic zone, history of positive parasitology for S, marsoni, specific treatment
and ultrasound examination revealing PPF. Abdominal ultrasoand was performed by a single
researcher (ALCD) through the Acuson X 150 device, with a 3.5 mHz convex transducer (Sie-
mens), for diagnosis, to classify the different patterns of PPF and to exclude other liver discases
such as steatosits and cirrhosds. The Niamey classification of PPF was used: pattern D (central
or moderate fibrosis), pattern E (sdvanced fibrosis) and pattern F (very advanced fibrosis) [ 20—
21l

Patients were not included in the study groups if they reported alcobol abuse { 60 g/day of
ethanol for men and >4 g/day for woemen), pregnancy, diabetes mellitus, hepatitis B or C,
farty liver de drrhosis, collagenesis, chroaic lymphoproliferative diseases, or any use of
hepatotoxic, antiplatelet or anticoagulant drugs. A transfusion of blood within 90 days of data
callection also constituted an exclusion factor. All patients were tested for markers of hepatitis
B virus (HBsAg and anti-HBc), bepatitis C (anti-HCV) and HIV (anti-HIV).

Collection and Processing of Sampies

Venous blood samples were collected aseptically with minimal stasss using vacuum tulbes
{Vacutainer, Becton Dicki USA) into three tubes. The first, containing 0.106 M trisodium
citrate (1:9 to blood ), was for blood coagulation tests, the | without anticoagulant was for
liver function tests, including AST, ALT, ALY, yGT, bilirubins and albamin, while the third
tube with 0.562M ethylenediaminetetraacetic acld (EDTA-K3) was wsed for platelet quantifica-
tion. The first two blood samples were centrifuged for 10 min at 2000 g and the plasma and
serum divided into 0.5 ml. aliguots and stored at -80°C until assayed.

Biochemical and Coagulation Analysis

The serum concentration of each enzyme was divided by the upper normal value according to
gender (for women and men, respectively, AST 31 and 35 U/L: ALT 31 and 41 U/L; yGT 38
and 55 U/L; and ALP 128 and 141 U/L) and expressed as the resulting ratio, Bilirubin (total,
direct and indirect) and albumin were ‘uwnolll.audyl.mp«tivd} Al liver func-
1ion tests were d by d spectroph try (6000 analyzer series Cobas, Roche,
USA). HBsAg, anti- HBc, anti-HCV and anti-HIV markers were detected by

PLOS ONE | DOI10.1371 journal pone 0135370 August 12, 2015 ale
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Chemiluminescence Microparticle Immuno Assay (CeMIA) using the ARCHITECT 12000
automatic light detector and test reagents {Abbott, North Chicago, USA) to exclude enrolment
of patients with hepatitis B or C, and immunodeficiency.

The platelet counts were measured by edoctrical impedance (Pentra DF 120, HORIBA ABX
SAS Diagnastics, Brazil), Coagulation tests were performed by the chiromogenic method using
4 Destiny Plus automatic analyzer {Trinity Biotech, Ireland) and included the determination of
PT. PTT, TT und fibrinogen; coagulation factars (11, VIL VIIL IX. X), protein C and antithrom-
bin [Ta were also measured with the Destiny Plus astomatic analyzer (Trinity Blotech, Ireland),
while quantification of PAL-1, a measure of fibrinolysss, was by ELISA (Asserachrom Diagnos-
1ica, Stago, France),

Statistical Analysis
Differences between continuows variables in splenectomized and non-operated HS schistaso-
miasis patients were compared by unpaired Student’s t test, while the Mani-Whitney test was
used for comparisons of non-normally distributed variables. Continuous variables were

P 1 as mean = standard ercor of the mean, or as median and range, while qualitative var-
ables were expressed as absolute frequencies (percentage). The Pearson chi-square test was
used to compare the different patterns of PPF. All statistical analyses were performed using
StatView SAS Inc. (1998, NC, USA); P< 0.05 was considered statistically significant.

Results
The two groups of patients with HS schistosomiasts did not differ in relation 10 age or gender,
and had similar PPF patterns. However the mean portal vein diameter in the 55 non-operated
patients was 30% greater (F<0.0001) than in the 45 patients who had undergone splenectomy
(Tuble 1), The average time post-splenectomy was 115 = 8.6 years, ranging from 2 10 33 years,
with a median of 9 years.

Serum levels of AST, ALT, yGT and albumin were not significantly different between the
two patient groups. However, non-op d HS pati howed significantly increased levels
of ALP and of total, direct and indirect bilirubin ( Table 2),

Table 1. Damographic ch and ul d parameters of pasents with hepatosplenic schisiosomissis who have undergone surgical
Splenactomy of are non-operated,
Hepatosplenic schistosominsis pateents

Characteristics

Non-operated Spleneciomized
Number of patiants 35 45
Age (years) 020s 100 80162141
Garvdor
Malo 50.8% aren
Famaie 4815 62.0%
Diamator portal ven (cm) 128:004 D.96 = 0.26*
Fibrois pamerm :
1] 09% 15.6%
E S48 73.9%
F 145% 1%
Values s 0xpressed as maan ¢ Sror anc P oy unpared Student’s 1tast; O, E, F. very ach fibrosis
*P<0.0001
o 10. 537 o sone 0134370 100
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p won a
Table 2. Liver lunction tests in patients with hepatosg who have gone surgical sp y of are P
Hepatosplonic schistosomiasis pationts

Liver Parametors

Non-operated Splenectomized
Number of pationts 55 45
ASTUAN 1582014 1452000
ALTAAN 1402048 1292042
ALPAULN 1102008 .88 £ 0 08*
yGTULN 3112037 3352042
Atumin (gL} 3982079 4042010
Totsd birutin (umold) 21032205 14,172 D66*
Diract bilinubin (umold) B89 4136 6E71:051*
Indirect birubin (matl) 12142118 B.48 2 056*

Vahuas ame 0x0ussed 88 mean + SIandard e, and compared Dy unpaired Student’s 1test; ULN, Upper Uimit of Noemal

*P<0.05.
o017 Vjowrman pone 0135370 1002

Splenectomized HS schistosomiasis patbents had twice the platelet count of the non-oper-
ated patients (P<0.0001); they also exhibited less prolonged PT and PI7T than those of the
non-operated HS group. In addition, the levels of coagulation factors V1L, VIIL 1X, X, and pro-
tein C were significantly higher in the splenectomized group than in the HS schistosomiasis
patient group, whereas no differences were noted for 1T and the levels of fsctor [, antithrom-
bin [1a and fibrinogen ( Table 3}

The median plasma level of PAL| in splenectomized patients was 3-fold greater (2215 vs,
652 ng/ml; P = 0.0003) than in the non-operated patients (Fig 1),

Table 3. Coagulation and Mbrinolytis

are non-operated.
Coagulation tests

Numbee of patients

Pateiets Court (x10%mm’)

PT (Sech

1T {Sec)

PTT {Sec)

Finnnogen (g}

Factor 8 (%)

Factur V(%)

Factor Vil (%)

Factor 1X (%)

Factor X (%)

Protein C (%)

Aatibeombin ta (%)

P

in patients with hepatosplenio schistosomiasis who have undergone surgical splenectomy or

Hepatosplenic schistosomiasis pationts
55 45

1284 4120 2541 £10%*
1932063 13806
137021 1392028
Jrosrar 2682008
262+ 0100 2822121
085223 6218
409125 6508240
N5:40 106263
568224 D27 243
937436 TIT237%
os6sze 1Tez4
27135 %2238

Vakses ams expressed as mean + standand amoe (SE) and comparnd by unpained Studant's 1- test

*P<0.05
**P<0.01
***P<0.0001

o0, 437 Moumal pone 0135370 1000
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PAI-1 (ng/mL)

100+

o__*
Non-operated Splenectomized

Fig 1. Plasma lovels of PAL1 In p with hep who have QONe surgical sp Y, Or are P ™
fox shows the 25% 10 75™ percentiie of the PAL1 distribution, whie the honzonsal bar nside 0 box shaws the median values (85.2 vs 221 5ngmL). The
upper and lower bars ndcale He maxmum and snimum values, respectvely. Mann Whitney last was used %o nnalyze the dfference between the two

groups.
doc10, 13T joumal sone 0135370 g0

Discussion

Portal hypertension assoclated with S. sansoni Infection has o major impact on morbidity and
mortality, due to the possibility of bleeding from esophageal or gastric varices [ 22], Splenec-
tomy Is an established therapeutic procedure to treat and help prevent new episodes of gastro-
intestinal bleeding; the marked reducthon of pre-sinusoidal portal hypertension improves
hemodynamic abnormalities [12], In this study we have measured markess of liver function
and blood coagulation g rs in HS schi iasks patients, comparing those who have
undergone splenectomy with a non-operated group.

Recently, we reported that in HS schistosomiasis the commaon indicators of liver imnjury
ALT, AST, ALP and bilirubin are twice the levels of those in healthy individuals, while yGT is
five-fold higher |15]. Mechanisms proposed 1o explain elevated ALP and yGT in HS patients,
include the compression of small intrahepatic bile ducts by schistasomal granulomas [23],
though this mechanism was not confirmed by Amaral et al. | 24] whe found no changes in
intra or extra-hepatic biliary tracts by ultrasound examination. Our previoos study also dem-
onstrated that levels of yGT increase with progression of PPF, suggesting that this enzyme is
2 useful marker for stratifying the different patterns of PPF | 15]. The severity of PPF reflects
host immunogenic response and degree of infection, which amplify splenic volume and

PLOS ONE [ DOI10. 1371 journs! pore 0135370 August 12, 2015 &/10
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consequently increase hyperflux in the spleno- portal region. These factors in combination
raise portal hypertension [11-13]

In the present study, although both groups of HS schistosomiasis patients had similar age.
gender and pattern of PPF, we still found a significant reduction in the portal vein diameter of
the splenectomized patients, reflecting decreased portal hypertension following surgery. There
were also significant differences in some liver function tests between our two patient groups;
serum Jevels of bilirubin and ALP were decreased in splenectomized patients, wheress yGT lev-
els were similar. Previous studies have demonstrated that the greater the portal blood flow the
higher the levels of ALP and yGT, findings lnked to possible anatomical changes in the bifiary
tree caused by fibrosts in the portal region | 25], Additonally, serum ALP is higher in schistoso-
miasis patients with portal hypertension than those without, although no differences are noted
in yGT hevels | 26], Hence, we conclude that our finding of high serum ALP is related to portal
hypertension insofar as splenectomy reduces the portal fow, which in turn decreases ALP lev-
els. In contrust, the elevation of YGT In schi miasts is probably assoclated ot only with
portal hypertension but also with advanced PPF,

The second indicator of improved liver function In our splenectomized patients was their
Jower serum levels of bilirubin (total, direct and indirect) compared to non-operated HS schis-
tosomiasis patients. Thlwhﬂlrmhﬂudmﬁxmmmtmhrdpmnbcmﬂ result
from | of the accelerated hemolysis that occurs in the splenic parenchyma due to hypers.
Mmmm«dmhdmhmmunmddmﬁMnbawmuhmcapuky
of bepatocytes following the decrease of portal p in our spl |
Tuldodal[-nldnnhuvdhmlnhlmddk«imhﬂhnﬂnmxhkbmmﬁ
patients without portal hypertension compared to those with.

Serum albumin kevels in our two patient groups were within the normal range, and no
increased tendency was evident in splenectomized patients. As the discased liver in schistoso-
miasis largely preserves hepatocyte architecture and srmhak capacity. it hpednw Dot ST

prising that albumin levels were unchanged. H liver. d protein, lecithin-
cholesterol acyltransferase (LCAT) [ 17], is considered a mare sensitive serum test of hepatocyte
synthetic capacity [28,29] and in a previous study we showed that spl y significantly

improved low plasma LCAT activity by around 50%, compared to non-operated HS schistoso-
miasis patients [ 10]. This finding supported an carlier proposal that LCAT assay might be a
usctul test in schi miasis mansoni for ing discase severity | 1),

Although hepatocyte synthetic capacity is largely conserved in schistosomiasis, some
patients in an advanced stage of the disease have hemostatic abnormalities and altered mecha-
nisms of fibrinalysis | 1 4-16]. In the present study, we observed profongation of the PT and
PTT in the non-operated patients with HS schistosomiasis, However, the splencctomized
group had no increases im PT and PTT, suggesting that when prolongation occurs it reflects
not only hepatocyte synthetic capacity, bat also the degree of portal hypertension. Our earlier
study found that the changes in PT, PTT and TT in HS schistosoméasis were more pronounced
with disease progression [15], Here, we also noted slightly higher fibrinogen levels in the sple-
nectomized patients compared to the non-operated group, although this difference was not sig-
nificant. The prolongation of PT, PTT and TT as well as hypofibrinogencmia Is a well-
established finding in patients with schistosomiasis {10].

Reduced levels of factors VI IX, X, and protein C have also been reported in human schis-
tosomiasis [ 16]. Indeed, we found lower levels of factors V1L, VI, IX, X, protein C in the non-
operated patients with HS schistosomiasis compared with the splenectomized group ( Table 3).
1 35 assumed that the reduction of vitamin K in HS schistosomsiasis patlents is caused by
impaired hepatic synthesis or increased consumption of these coagulation factors, [15,16). Our
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present findings suggest that the Jower portal pressure afler splenectomy will improve hepatic
synthetic capacity and reduce consumption of the factors,

An additional finding, potentially significant, from our study relates to fow kevels of PAT- |
in HS schistosomiasis, highlighted by El-Bassious et al. [15] and ourselves [15]. There is evi-
dence that PAI-) is synthesized by endothelial cells [12], as well as hepatocytes | 43-34], Thus,
the higher level of serum PAL-1 in our splenectomized patients suggests that the reduction of
portal presssire may not only improve bepatic synthetic function, but also the generation of
PAI-1 by endothelkal cells. Therefore, this possibility and sther functional properties of endo-
thelial celis merit further investigation,

One limitation of our study s that it was conducted at a single hospital, the Hospital das
Clinscas, UFPE. This is the reference hospital for schistosomiasis in Pernambuco State and
recetves the most severe cases of schistosomiasis, usually patients with u history of one or more
episodes of gastrointestinal bleeding and hence a high prop with ab Hiver function
tests. Furthermaore, we had no information on liver function and blood coagulation parameters
in HS schistosombasis patients before they had undergone splenectomy, due to the wide time
frame around 115 years post-splenectomy; hence, they were compared with 2 non-operated
group of patients with HS schi lasis. Therefore, the findings from the present study may
not extrapalate to all patients from endemic areds who peesent with the HS form of schistoso-
miasis mansoas,

mmm.mmmwmmwwmummmmm
c of b in non-op 1 HS schist insis are less severe, ar not present,
lurplauchmtudpaﬁ:nu. This implies that portal hypertension is an important factor kn the
pathogenesis of the liver fibrosis and hemostatic dysfunction observed in human HS schistoso-
miasis mansoni. Moreover, a key point arising from this study is that splenectomy ameliorates
liver function tests in patients with the most severe form of schistosomiasis; this may eventually
reduce clinical symptoms and perhaps prolong life, a significant possibility as, in general, cure
of HS schistosomiasis i is 1ot possibl
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of the Intemational Code of Nomenclahure for sigse, fungi, ard plants (ICN). The following gusdelnes for
publication In an crfine-only journal have been agreed such that any sciertéic botanical name published by
us is considered effectively published under the rules of the Code. Mnmmvmgma-
from those for zoclogical nomaenclature, and apply only t seed plants, ferns. and lycophytes

Effective January 2012 the description or diagnoss of a new taxon can be i either Latn or Englsh This
dois Not #Bact 1he regurements for scwntific namas. which are stil to be Latn

Ammummzuh POF @ publisned work g 1o the ICN for
algae, fungl and ﬂnnbmhmmm d i the electroric publ of PLOS article
ONMyMMumMMMN“mmmthMWIWM
{o provide pninted copies.

Additionsl infanmation describing recent changes to the Code can be found here
Far proper regstration of the new taxon. wa require two specific statements to be inchuded in your

In e Results section, the globally unique wentifier (GUID), currertly in the form of a Life Science idertifier
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W yems arw avked 10 sademt & sevised manusceipt for review, prepare and subimit o revset
0, See Resul

M yonn LY for publ 1t will be publshed as a Paper w Press within 24
hours of acceptance, You shoofd spdoat] the manusoript source fles (owr not the supplemental
daes) 10 ihe redactary affece acconding 1o the instructions that will be given to you followng
sccoptonce.

Click hare 0 retuen 1o the top of the page.
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Before preparing the manuscript
Seupe
n-mmdduwnmamwwmumummhﬂmnm"ad
béological lipids, We the of relaring te lipids, mcluding those
ddressing p n Ve tiology. stractural eology, coll beology, geneticy,
| 1! dlinical ond di Mg Criteria for stceptants uf Artices am new

. Into mech of lipid 1 and bollsm and/ o genes tegulazing hoat metabelism

Alang with sound pmary e ¢ data, hirterpe of the data s the authon” resporstality,

and speculation shodd be labelod a6 such, Manuscripts that provide new ways of purifving, identitying
and quantifying lpsds are imviteil for e Methady section of the fournal, (LR encourages contribution
from svestigatons in & coustries, ot eticles s be safwniied i Clear and contise Englah,

Prior publivation
Extept for foview articles, the LR will st publish amicles in waich & significant portion of The daca, in
the form of text. higures and tables, han heen published or sub d for pubibcation syewhem, In
accardance with this poficy, Ui KR reguare IR Ee AuSees state ia thew cove letter that no
mmwm.- In thewr Wi has been or 15 umder
for publicath U M some of the duta presented in the manuscript have
previously Deon published, of such is comamplated, 4 repeinnt or & Copy of The MASCIPE U
accompany the artiche, I, m the Editoc’y jiadg the prier publi remedery the d wticie
Som-0riQinal, the manuscript will be retsened 1o the althoes imemadiely, without review.

Charges to authomn
Authoes are charged for all o
e 585 per page for pages 1-10
o 5170 por page 1or page 11 and each page theroafte
e 150 per color figue

Comesponding authors who are ASBMA Regular Members are sligible tar 2 510 per page discown and
frme colnr figures. Jam ASHME NOAY

Please note: Any figate containing ANY colur will be ana with the under
hat the Ngsare will b pucilishad m tolur,
Al page and color fees mutt be padd by the authors, ASUNE will consuder tequests Tor walver of

page ch " h tunds are not available that can cover pablication costs, Watver
FOUESTS st et made At the saome T That you submit the paper for review. Reguests nuat be

d to the ecitorial office and uph d as & iz under the “Other twll not

Appesr anline)”, The mguest should also be mmntioned in the cover lette. The reguest mint be co-
shgned by am instituional officud certifying that the authirs do nor have tesearth funds that can be
wved for pubbcation costs, Wanver requests cannct he made after the paper has been accepted for
pubication.
Al artiches putdinhed in LR ww aily dvpasaed m FubMed Cornral and tegulas scientific contens
will be made avakahle to non- subscribers 12 meonttes sfter pulilscation.

Authat Choice option: In addinion to the standaed publication charyes, Tor s sdditenal pulilication lee
— 31,500 far ASBMB members and 52,000 for nonmembers — the Nl versson of the manusoript wil
be relmaved ivemmdistedy un botk the UK weli site wad Pulsed Contral and will e covered uniler the
Creative Coommoon Artribution liceme $0C 87, Join ASEME NOWY

Human subjects and p ol d b

The thed » papers suh d 10 JLR shat Involve the use of human beings, Induding
patimnt-oriented revearch artiches, must adhers to the princpbes of the Decd of Hebuinkl, s welt
axta Tile 45, U Cade uf Federst Ry Part 46, I of Hiuman Sub reviaad Jan. 15,

2009, etfectve iy 14, 2005 These studies mint be approved by an sppeopriabe institutional Review
Board er Commnttee, dnd Informed consent must be obtained fram the human sulijects or thels
representatives. ¥ registration of clinical studies Iy requered in accard with the Intermational Commties
dwmtﬂnﬂtmwulmp Cclinteamuiale oy 2/ inansge
mo/ and g | W o, ongl, thes Such cogistration mist be

u f b a m the

The Methods section of the paper must indude:
1 Amﬂmwwﬂ'mnmﬂwllﬂm.ﬂm“Cm
LA

Tonsent was ob frum the humsan of their ¢
fithioal s of sinkmals fa 2
Al vestigationy involving animals that ate reported in b d to LR mast be
«nuumemam-ymmnuuuumsomunmmmmmomnwu
L y Amimals, " ihe for t v Al OLAR) Cunde fur Care
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and Use of Laboratary Animats, All sach 9 st b agip d by an appraprsate lmetutienal
Review foard or Commines,

AN pragers suterettod (o LR Ihat imcsede ivestgpalors ivofiing anmmals et inchude i Dhe Methods

section:
1. A statement mdicating that the owas in conk with (s PGS policy|
2. A statemant that the studies wore d by an [ Reviw Board or
Cormmvitioe.
Article Types

1, Reyular ves=arch articles
These present ongmal research and addvess a drarty stated specdic bwpothesis ur question
Papess should provide novel approaches and new insights imn 0! probles addressed.
Manuscripts dealing with are especlaby

Review process. V. NIpLs #e assigned o A Edfitons wha with the #d of Edeonal Soard
Wtduunlmmn-mmucmudnmlwlmmmm
dpuhnuunandnmu—lmnummuudnvwnunwtul
pemerally be assigesed 10 4t bl two edibarial bosrd and o In addits
Asvotimte Fitor, nndlhlbulduutﬂumndp.bkﬂnu&lhmmwmomau»am
conduitation with (he [dnotial Board,

L Methods papers
The editors will comsider significant sew) noved comtritiutions in the fleld of lpad methodology: the
paper must provide sufficent detalls so that the method can be readity reproduced, These pagers
should be short and toacise. At the time of submission the authors should indicate that the

cript s g w
Revlew process. Sunilar 1o than of 4 regular reseach article.
B Review artiches
The Joumal welcomes, ctical reviews an curmant, timely 1opics, Reviews should be conclue snd
shoulil provide » bal analysiy and y of the tupic, The tnfoemation should be
und.u-d&hlokloﬂmuah-vﬂawﬁtld\. Aoﬂ“tmdmiwuﬂdcniwnn
insighits snto tee feeld and

Review process, Neviews seed (o stand up 1O the scrutiny of experts in the Pield. the manuvcripts
will be reviewed by an Associate Ldtor and at feast one member of the Editorial Board.

4 Parient 3l (eseasch aticles
mmmnummmﬁhmluuunpmmmammhmdm:nlmnmd
mumnuhd&-awmmmmhuhcm A opprosed 1o wsing sarmgles Tro & bleod o

# tissee Bank. To be itheswdd Pationt - O the study must mske connetons
mnnnnmunu:dMI—-mumnolmw‘wanml‘umm
manar whether (he e y wnedd e an in vive, ex viva or it vire analais for

jile, the incub ul",., s with coll). Patieve-Otiented Hesmarth confel, for sxample.
w-duﬂcmam:-dmemmm-mmwmdhmmmm-mm

obitained either baseline or pee- and post Miophrysical and i of
data. See pubibhed LR patiest witicles for mofe examples.
These manusenpty must include » of I | of the study and informed

covsant of the paniipasts.
Reviow process. Siimilae 10 that of d regular ressarch witicle.

Chex hers ro saruen 1o the 1op uf the page.

Preparing the text and tables

Pleass hote taat, pred, ILE will Ally publish the o verviun of the masusecrpe
ooline an 2 AR Paper in PMresa (In FOF format), without copyediting o typesesting. Therefose, it 1s critics
that the manusceipl shousd be prepared with great care before sub g unline, It & g Larty

Iportant that the ticke anid aathors be cormect, since This informution will becanme part of the paper's
permanent record in PubMest.

AR does not s2¢ & specific word Jimn for d fots bt wahor 10 be concoe.
Authors pay peldicaten Clusges on & pee-page basi,

Test sl tahle (una‘tlu' reguiremen iy
'lhv Lorxt andf Kalsbars st be
o Propaed using Werosolt Word verson 6.0 (Mcresalt 2007 Tor Mac) o & laler yursion.
o dnubile-spaced:
® 1 1-point Times Now Xoman fom;
® B.5-by-11-inch paper siee (LS, letten)
o have all pages memivered, welading those with Fgares. M, Wi without page bers will
be returned 1o authores for correction.
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Opder of sections
Each soction skt begin on & new page and all pages must be nutmbeced.,
1. Tithe page
2. Abatract and heywerds
5, Introduction
4 Materals and Methods
% Resuhs
6, Duscussion
7. Ackmowtedgments: grant suppon
8. Refesnnces
9. Foosnotes 1o text (If any)
10, Figuse Sagqunds
11, Tatddes
12, Flguees

Tithe puge
The tale page should Indude the fell ¥ sheuld be keot 16 & minimum,

sl conyecutively and priniad on & separate page,

Tithe: Uimited 1o two prieted koes, about |10 chacaciery lncan

Asthoe(s): Full name, masting add wnr} which atithor will scoept
cortespondence and proofy
Contart Inf far correnp g wathor Mating addresy, telepbone and fax numbess and
L-mail address.
Rureung title: uummnm of maximum 60 characters mclading
* Arwy abibrewtations not Tound on the AR abbwestation list.
Aurhars whose names are Uy rep d by non-Lasin -mpvvamemese
s in (e aftes the version (see example bed
D 2hen Wy R AT, De-Pel Uil wew

Oy characters that com be encoded In Usicode such as Chinese, Jaganese, Korean, Cynilic and Arabic
Are accaprable; Nos-Labin chamcier Can unly be used for author names, met sathor affilalons o Wles.

Abwtract
* No leger than 200 words
* States otyectives and new findingy
* Lnds with a short coaclusion of b or thiee semtences
* Contalne no seference numbers
o Mt be induded In mamascigt POF and 3lso copy and pasted (010 submission wed wite in
unformasted text

ement s
".":l Jeast ':" M"?"" Tram this lise
* Lp 1o five free-form kepavords
* Muximum of ten keyworids in tots
* Shoudd rot sppear in title o running titke
* Listed om the abstract page
Tahben
* Prepared using the Tabie Feamrn of Ncrosoft Word
o Ope tabie per page
o Titles shauie be descriptive
o Doubile-spaced and mumbeeed with Acabine Dguees
o Imeligpbiv without refetends 10 the test
* Foutnates indicated by superscrpted, lowersase (alic lmtery

Abbreviathons and text 4
. Abhrmmomumeummmonuumunwmwlnmmmm

® Al other abbeeviatinons shouhd be d in an > on the tithe page,
. Mmmwwmmahﬂmmutmmlnmnmumwm
* Single letter ab are £

For comman abbreviations and othver pownts of style. 20 follows the comventions of . Scentfic Shyfe and
Format, The CBE Manual ler Acthors, Egiters, and Publinhers, 1994, 6oh edition, prepared by the
Council of Biology Editors, Inc., and published for the Councll of Riolagy Ldrars by the Press Syndicate

of the University of C ge, New York. A 1 of Lipids (R Laty 19760, IWPAC AW
Commission of Becherical Nomenclanwe, J. Uﬂcm 1978, 19 114-125 for chemical nomenclature.
I ) Al { wand for enzy Erzyme Rec } (19923 of
the Nomenclature Cammittes of the | I Unkos of Rioch y and Melecular Biology,

Academic fress, Inc., New Yark,

Refervnces
. bility for the y of the el lmMmhhamML
o Neferunces shoeld be Oted n m: Using anly bers In p dration stviel.

® Citasem should by numberad consecutivwly in order 0F appeacsnes in nu Bext.
o Neference st should be double-spacet.
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o AN authors, tthes and incheshor pages are 19 b lsted Cot 207 16 mot acceptable and wit resilt in &
detay in copyediting),

* Abbeestations of jowrraly should cosdorm 10 those wead in index Medious, Matonal Library of
Mesdicine.

im-ext citation example
‘Lipegroteing wore Isclated frum venes by preopatation (1), A Stufent’s T-test win preformed 2).°

Lo st for I
1, Burstein, M.ﬂ.l.kbdnuh.mdl.llof-\ 1970, Napid method foc nolstion of lipoproteim
{rom human yeeum by precipitation with polamons. | Upid Bes § 1 583505,
2, Soedecor, G, W, and W. G Cochran, 1967, Statistical Methods, fith ad, lowd State Unfeenary
Press, Ames, (A, 142-343,
thh €. €, and G Dawsan, 1962 Lipids of the srythrocyte, In Red Cell b GA
and T, W, G editors, | & Uppincatt, Piladelphia, P, | 72-228.

Unpallished obaeryations, personal commumcations, swbmitted papers|
* Showld not sppear in reference st
® Cited In parentheses i test, including mames and Initials of all suthors.
o Writtes approval by the p ) cned Ao st the

masscrip,

o Other papers sccepted for publication but that have not hees putidshed et may appear in the
ruferance St with the words “In press” In place of the volume numibes and page range and o
wm-mmm id-amrnbol‘ln;wu Artiches with the munusclpt,

. 1o abs aty o anly when the absiract (s the sole sesce of the sfarmation.

Vditing aod proofreading services

Authors who are not native English spaskers may appreciate assistance with grammae, vocaboltary and
Miyle when subindtting pagers to the JUL This cam belp maseree the sccuracy and impact of the josmal
subimission as woll a5 ald In comeuniCating ldeas 1o Fellow scuntists and the LR edtors and ceviewens,
Several companies provide revicing, eaing and proatr: for dic and med
research docaments, Theve ssciude

It 1 fwww. lioedit mn

ML e i 4 o
Lo MWH\M

Bt | e bostnnbioede, com

T WWWL R e R U BT YR v IR oo
Pt/ wwwoeditage, cam, el - _refaral
e/ frshy .o
Mg wew inlogicateditog com

Patp (wwwipesk medicaisditing com

Ploasy nute L I bak nor cved Thise Senices amd thus Cannot aesT 1o the quality of their work,

Manoclonal antihodies

Papers in which monocional anibadi reagent st cortam 3 footnare
wmmawwwmmcmwmm-muaw-dlhmmm
celln.

Tipld classification, clutvre and | rege h

AR recommends the use of the <l and | repe of lipds used
Bry the LD MATS Initintive coee Faby et 2k, | Liphd Res, 2009 46 835862 and Faby et al. & Lipid Kes
2000 50 D554,

You: o dowetad lpid structines duectly fram the "Lipid Classilication”™ section of the LIMD MAPS Weli
shte Nty Sphdosaps ce gl of draw stroctures de move ron the “Tools™ section of the website, and
then smsert them into your docsments.

» novel Tipid ste s LIPTDY MAPS diatalbosse
ER recommendy that authors deposit all navel Sk mobeculn fee IgIMTAton in the LIMD MAPS
d peior to
Steuctures can b regiaternd AL NITH | wiwwe Spadema i oo s reg e hnmd, Structores will be
4 foc and chechad for comrect nomendaure before Heing placed i the public
atabarse, Questi arihing e subed of should be o w0
wabimastar@lpldmasa.org,
Benefns of using LIFID M\U'S
. Wi g and A gt datal: g 4 witde vatlely of arganisers
. -umn (hulkuhu uf llln lund Shuctuies.
- of thy with regarl tn sywimmate names and
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dores | athans,
- and p | repr
G de sl g i 1
menk. um-umk ar other high-throughput data mest be sabmitted 10 NCIHE gane sxpression amil
v dans o v IGEC, et | G ncisi mint il gov | geo ), GEO has & Web-Dased

w'mmwn route, Suttalile l-v a small rumber of samples, or & bateh subrmssion toof Gatled SOST),

The GEO accession numbes must be provided before the paoer Gan be accepted. infarmation in the
databiasw st be inadabile a1 the Yinte of scceprance, becsse the paper will be pubiliched immedtately
an a4 Papoc s Fress,

Authoes dre encouraged 1o falkiw the MIAME chscbat Tor sulanniing dars, Mutedmics Pager must
comply with the gusdelines used by Molecutu & Celiular Protesecs.

CheR i S vetien) don She 2pp il P paagee,

Preparing figures
Authoes should beep The number of Sustiatos 16 o minenum. Digures should be iefigible withom
refesence 10 the text.

Whim you SORBees ol MANGSCOpT Tor review, you should comdine 1he figure flles with 1he matascript
test in & singhe PO e, with the Bigures ar the end. The figure mamber must be clearly diplayed o
tach Nigure wn the POF. See this sxample of 4 propetty Tormatiad mamineript

¥ the paper v accopied, yvou wil be ashed to submin inaiveiaal high-resclunee figure files 1o the
redaciony Office That satisty all the requirsrmms Sstod hefow,

Color figures
Al color tigures powst be in RGR format, When saving, sebed any 1CC profile you have Sean working
with, JLK charges mathory $50 per color figure (yee page tharges)

Figuer format and resolution requivesments for scorpted masn usoripts

o In black-
L aie tno g

Ay with et ar
ks

Image type Monotbeome Cosnbination Halftopes
haftones
——
— —
Ii_.&\._ 5
-
PR ] e -
Deserigtion Linw w1, graphs or Compseale o 0CH eolor | Grayscale o NGB color

rages lutdmng
pectires undy, with re
fwnt or thin lines.

Minimum resobation 1,000 gpé S00 dpi 100 dpl

(raster imiages)

Prefevred forman Vector EPS ™F ¥

Acceptable formaty Raster £ nc mo

Iif processed T mr ror

cocectly) Microsoft Word) Microsoft Wora/ Microsaft Wood /
Powerpoin! Powerpoing | Powespoint |
Excel Txcel Ixcel

Additanal requirerments for PEC, POF anil Micrasott Office Nes

o Loodved fomts In all files

* JFEG files should be saved at maximum quality.

* POF files should be saved with ZIF compression anty and not with dowesampled graphics.

* Word, Powwpoint / Excel files shaild not contaln pattesn or Textured filks,

o Images placed into Word/ Powernpoies/ Excel Tiles must be at least 1000 S for e at, S00 dpi for
cotebiination haftoees ar 300 dpi for halftones,

 Whan inserting images into Woed ) Powerpoint/Excel Bles, selett Smert”, nat “inven sl

Tiguee dimensions
* During typesettmg, all figures will be reduced to fit sither 2 singbe-columm width (3,579 inches).
1.5 cotumm widthy (4,125 mches) or two column widths 17, ) inches).
o Maximum hesgin for each figure linduding fegend) in 10 inches,
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® LUnes must be 0.2% pt thickness of greates.
* Dmbed fonts In vectol fes, such as those created with Adobe Wustrator.

Click bmre 10 tetuen W the tnp of e page,

Pmparingl’l)l’formbmunon

Omce you have tintshed PL coovert the text and Ngere Tiles 1910 & single POF with
Hlnmdbninn!ﬂDn!b'wlumdlwmvmmm.ﬂmvmlnmmd
i gradtlication, 1his POF will be putdehed as the “Paper in Press” version, Make sure thar

The figures are a1 the end of The PDF file, sot inserted within the flow of the main Text,

Al Nigteres we hevorl with Arabic al:

All pages are nambered, intluding thoss with figures.

Teut iy dostide-spaod

Fle marme ix goe word with no spaces and a POF File extenyion (e, massscrpt paf);

There s no passwoerd protection on the flle;

Thore aw no Textnictiom o0 the extraction of cootent or modilication of the POF Les this will
disabie reference extraction),

Aty papet that does not comgrly with the above will be returned e the asthor for comection.

You can create the POF using Adobe Acrotat, which Is avadabie for purchase

Ot [/ artoti s groduces main e, Microseft Word alvo has & “Save A featier that will allow yew
o satve & file In POF fopman, (PC versions 2007 and hgher, Maciotosh 2004 and highes.) Be aware thut
Figute resedstion may be enduced I s option is wsed. To review your image (esctuton settings., phewe
refer 1o the hefp vection of Microsolt Weed under “Comgeess Pictues”

Consult the Adobe Acrobal matiiat for detalled intiuctioon on tredting POF M, We recommend the
following sectings:

o Teat wnd Craphics LIW Compresuion ON
Thumbinall Cunection OFF
Conwrationg ASCH Turmmat Files QFF
Subuet Embeedided fenty ON
Cutnr mage Divensampiing ON
Cotor Image Downsampiting Resciwtion 150
Cetor Image Compresyion ON
Color Image Compression rl.r. m

fe Image Dy

>

G de Image Di l.mhmuo
Grayscale Image Coemguession O
Grayseale Image C FEC

lhuxtnou- Imn)c Du-numam m

-

-imoace 'W" TesRin ON
» h Imdge Compn COTT Croup 4

We cannat process voor sutimission If your POF s Grger than § ME without special arangements. See
bare far suggestions on reducing POF file size. If you need mare help, plesse contact v vis the
Foesbaach funrn,

You are Liw for 1 the andd gualiry of the POF, You should print fhe POF file and
carefully review the text and tigures to make sure this there were 1o comgvession of font erfon
Irtrocheced by the conversion process. You should alxo check 10 make ssrn the FOF conversian process
Fas ot inserted Blank pages joto the middle of the document,

Click Bt b retuen 10 the pap ol the page,

Preparing supplemental data
Almhle supplemental lnn
iprs st NOT be on dara. The na srand - o

recnrd of research, However, dma that iy impossible or impraction to indude @ the manunscrgpe may be
provided as an anlies wpplemernt. Examples intlude viduoy, lony (s of primes, 34D

struttwes emages, lage seq and d. d trom microartay ybralzanon o
masy apactrnmetry, Pleasn sue our instruction on how to create 30 files for submisven o
supplesnental fles, Data than would be sngartant and useful 10 spackalisrs, such as chemical seuctures,
spectra and kinetic plots that are not coticsl 1 the masscnpt are abso permitted.

Links 10 authoe or third-party sies for sech information are not dlowed L they Lick p
o Fioks (0 “official” daralivses ke Conllank are encoursgeit.
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Supplemenal data should NOT cootam preliminay data that sinthly extends the scupe of the study,
unmecessary “‘vontrol” data, or data that are thought to be nat rigorous-enough for the main trxt. Some
naovel methadology may be presented in detad i the Sepplemental Dista, but & should not be viewsd
A “depository” for ment A, the main Leat shocddd contain sufficient muthodciogy foe an

d Atew 1o repl the

Supplessental data revien process
Supple |t will o vovioverd an & part of (v pormal mamncript review process and will be

Judged by the same rigurous criterix 10 be Important Hut et essentidl 1o the stand.-alone manuscript,
Qedy data that are deemed appropriate for the anline journal and substantially contribute to the
manuscopt will be P | data during review will tequire that the paper Ye

et again (s extending e review process. Supgiermental data sudsmitted altes the papet has
beon will pet be publivhad

v

Authats should carrtully review the Supplemestary Data for factual, ial and typographe sl
Issues simce this materiad will cot be professionally copyedited bul permanently posted “as n".

st fide formats
Supplemental data, figures and tables should NOT be Inchuded m the mam masuscript POF file,
Compatible data filey MUST BE combiined into a vingle POF &lick e to sne an snsmple). Movies snd
Twrge Excel liws should be subsrsriad in Dee nutive furmaty, Supplemeensl talies and ligurey (0ne per
£Ige) Abould kach have 3 descriptive tithe and should be prepared doable-spaced and aumbored with
Atabic figures,

Sourer Tles for supplemental dasa are NOT needad at the tiene ol scteprance, We will wse the files
ded i yous P I files canect he added afier acceptance,

Cheh Soerm T rwturi) 10 the 100 of the Bagn,

Cover Letter
A cover letter must accompany the manuscriot. The cover better must be prepared in plain unf d
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