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RESUMO

Introdugdo: Uma das complicagbes inerentes da cirrose é a desnutrigdo proteico-
calodrica (DPC) e avalia-la de forma fidedigna é um desafio a equipe multidisciplinar,
devido as caracteristicas da doenga. O angulo de fase (AF) medido através da
bioimpedancia elétrica, dentre diversos métodos de avaliagdo nutricional, se tornou
um bom método progndstico na associagao do estado nutricional a injuria celular da
cirrose. Um dos sintomas que potencializa esse déficit nutricional € a alteracdo de
paladar, que contribui para caréncias nutricionais e assim o processo de dano
celular aos hepatdcitos, formando-se um ciclo vicioso. Objetivos: Identificar, dentre
diferentes instrumentos de avaliagao nutricional o mais adequado as caracteristicas
fisicas e metabdlicas do cirrético associados a DPC e avaliar papilas gustativas na
cirrose. Pacientes e métodos: Para identificar o instrumento que apresenta maior
associacdo com a evolucdo da cirrose, foram avaliados 129 cirréticos
prospectivamente e de forma sequencial. Foram realizadas a avaliagéo
antropométrica, a avaliagao subjetiva global, a Forga do Aperto de Mao através da
dinamometria e a bioimpedancia elétrica. Para analise de indice progndstico através
do angulo de fase, foram avaliados em outro momento,195 cirréticos de diferentes
etiologias e associou-se o valor do AF com o estadiamento da doenga. Todos os
pacientes alocados para o estudo estavam em acompanhamento ambulatorial no
Complexo Hospitalar da Santa Casa de Porto Alegre, RS, Brasil. Por ndo ser
possivel bidpsia de lingua de pacientes cirréticos para analise de papilas gustativas,
foi realizado um estudo experimental com ratos cirréticos, induzidos por tetracloreto
de carbono(CCls). Resultados: No primeiro estudo clinico, o método que
acompanhou o estadiamento da doenga pelo escore Child-Pugh foi o &ngulo de fase
através da bioimpedancia elétrica. No segundo trabalho, o angulo de fase mostra-se
um importante indice prognostico, indicando o género masculino, ascite e Chile
Pugh C como mau progndstico. No terceiro estudo, animais cirréticos apresentaram
deficiéncia de zinco, diminuicdo do AF e piora das provas de integridade hepatica de
igual forma que os pacientes cirréticos. Em ambos os grupos, observou-se
imunorreatividade para células neurotransmissoras do gosto (tipo Il e Ill), além de
receptores T1R2. Os animais cirréticos nao apresentaram imunorreatividade para

receptores T1R3, ndo podendo ser possivel a reagdo quimica do gosto doce. Pela



MEV, o grupo cirrético apresentou afilamento das papilas gustativas. Os botdes
gustativos apresentaram alteracdo estrutural entre os grupos. Houve redugédo do
numero de botdes gustativos no grupo cirrose. Conclusao: Realizada avaliagao
nutricional por diferentes métodos, identifica-se o AF como um bom parametro
diagnostico e por sua associagcdo com a piora da cirrose e suas comorbidades,
mostra-se um importante indice progndéstico, podendo auxiliar na terapia nutricional.
O modelo de cirrose experimental por CCly viabilizou o estudo nas papilas e botdes
gustativos, além da avaliagdo da funcionalidade celular pela bioimpedancia elétrica,
agregado a uma possivel desnutrigdo protéico caldrica e deficiéncia de zinco,
mostrando o mesmo comprometimento do estado nutricional visto em humanos
cirréticos. Podendo sugerir que as alteragbes observadas na lingua do animal

cirrético possa explicar a disgeusia reportada pelos pacientes.

Palavras-chave: Cirrose. Papilas gustativas. Desnutricdo. Zinco. Angulo de fase



ABSTRACT

Introduction: One of the inherent complications of cirrhosis is protein-energy
malnutrition (PEM) and evaluate it reliably is a challenge to the multidisciplinary team,
due to the characteristics of the disease. The phase angle (PA) measured by
bioelectrical impedance analysis, among many methods of nutritional assessment,
has become a good prognosis method in the association of nutritional status on
cellular injury of cirrhosis. One of the symptoms that enhances this nutritional deficit
is the change of taste, which contributes to nutritional deficiencies and so the process
of cell damage to hepatocytes, forming a vicious cycle. Objectives: To identify,
among different nutritional assessment tools the most appropriate to the physical
characteristics and metabolic cirrhotic associated with CPD and evaluating the taste
buds cirrhosis. Patients and Methods: To identify the instrument that has the highest
association with the development of cirrhosis, 129 cirrhotic patients were evaluated
prospectively and sequentially. Anthropometric evaluation were performed, the
subjective global assessment, the strength of the Handshake by dynamometry and
bioelectrical impedance, at another time were evaluated 195 cirrhosis of different
etiologies and joined the value of AF with the staging of the disease. All patients
selected for the study were in attendance at the Santa Casa de Porto Alegre, RS,
Brazil Hospital Complex. Since we are unable tongue biopsy of cirrhotic patients for
analysis of taste buds, an experimental study in rats with cirrhosis induced by carbon
tetrachloride (CCl4) was performed. Results: In the first clinical study, the method
that accompanied the disease staging by Child-Pugh score was the phase angle by
bioelectrical impedance. In the second study, the phase angle shows itself an
important prognostic index, indicating the male gender, ascites, and Child Pugh C as
bad prognosis. In the third study, cirrhotic animals showed zinc deficiency, decreased
PA and worsens of hepatic integrity evidence. In both groups, was observed
immunoreactivity of neurotransmitters taste cells (type Il and lll) as well as T1R2
receptor. The cirrhotic animals did not show immunoreactivity for T1R3 receptors can

not be possible the chemical reaction of



sweet taste. By SEM, the cirrhotic group showed thinning of the taste buds. The taste
buds showed structural change between groups. There was a decrease in the
number of taste buds in the group cirrhosis. Conclusion: Performed the nutritional
assessment by different methods, identifies the PA as a good diagnostic parameter
and for its association with worsening of cirrhosis and its comorbidities, it shows an
important prognostic index, assisting in nutritional therapy. The experimental model
of cirrhosis by CCl4 enabled the study in papillae and taste buds to the assessment
of cellular functionality by bioelectrical impedance, added to a possible protein calorie
malnutrition and zinc deficiency, showing the same nutritional status impairment seen
in human cirrhosis. Being able to suggest that the observed changes in the tongue of

cirrhotic animals may explain dysgeusia reported by patients.

Keywords: Cirrhosis. Taste buds. Malnutrition. Zinc. Phase angle
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1 INTRODUGAO

1.1 FIGADO

O figado é um dos maiores 6rgaos do corpo humano, representa de 2,5 a 3%
do peso corporal, esta localizado no quadrante superior direito da cavidade
abdominal, entre o hipocdndrio direito e o hipocéndrio esquerdo“).

Para realizar suas fungdes, o figado apresenta uma estrutura complexa,
caracterizada como uma unidade estrutural e funcional, composta por uma veia
hepatica central e seus hepatécitos circundantes delimitados nas extremidades pelo
espacgo que contém a triade portal (regido formada pela veia porta, artéria hepatica e
ducto biliar)®.

Funcionalmente, o figado é constituido por acinos hepaticos, que sdo uma
massa de parénquima hepatico disposta ao redor de um eixo, 0 espaco porta
(Figura1). Cada acino é dividido em trés zonas: zona 1, junto a triade portal, sendo
os hepatdcitos desta regido denominados periportais e caracterizam-se por receber
sangue com mais oxigénio e solutos; zona 2 é a zona intermediaria; zona 3, junto a
veia hepatica terminal, os hepatdcitos sdo denominados perivenosos e sdo os que
mais sofrem com as agressoées, sejam toxicas, virais ou andxias®. A regeneracgao

das células hepaticas depende da localizagdo acinar do dano .

Canal h;:pm\cc—:[

Veia porta

|
Artério hepatico |

Figura 1: Estrutura tridimensional do I6bulo hepatico e a triade portal. ©¢”

Fonte: Seeley; Stephens; Tate, 2001; Cirrose..., 2009.



15

Em seus Iébulos, as células hepaticas ou hepatdcitos dispdem-se em placas
orientadas radialmente a partir de uma veia central e entrelacadas de forma
ordenada por sinusoides. Os sinusdéides sdo condutos de sangue, que ndo possuem
parede estruturada e sao revestidos por dois tipos celulares: células endoteliais
tipicas dos capilares sanguineos e os macrofagos que no figado sdo denominados
como células de Kupffer. Entre os hepatécitos e os sinusodides, encontra-se um
espaco estreito, denominado espaco de Disse, onde se localizam as células
estreladas hepaticas (CEHs) @ ° 19 (Figura 2).

¥ 5P ¢ 3

= ’ f B :
« l' 'y
v ;

- gt . 1

»
Espago de Disse \

" - 5

- - = 4

—

-

i

SITRISONC R BHECDY

|

Figura 2: Estrutura morfolégica hepatica.
Fonte:Friedmann, 2008.

A posicao ocupada pelo figado, na cavidade abdominal, entre o sistema porta
e a cava, favorece a captura, transformacdo, acumulo e neutralizacdo de
substancias absorvidas no intestino ('".

O figado possui diversas fungdes importantes para o organismo, tais como:
sintese de varias substancias (proteinas, agucares); secre¢cao de sais e acidos
biliares; armazenamento (lipidios, vitaminas); biotransformagéao (substancias toxicas,
drogas, horménios, medicamentos) e metabolismo (lipidios, proteinas, carboidratos).
As fungdes ainda incluem filtragem e armazenamento de sangue, ferro e produgao
de fatores de coagulagao'".

O figado € um 6rgao hematopoiético com capacidade regenerativa e que

possui microambientes imunoldgicos exclusivos (1),
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Sendo o figado um oOrgdo altamente ativo na regulacdo metabodlica de
carboidratos, lipidios e aminoacidos, seu consumo de oxigénio se eleva em 20% no
individuo em repouso, apresentando um gasto calérico maior que qualquer tecido ou
orgao isolado, exceto a musculatura esquelética na pratica de atividade fisica.
Entretanto, a importancia do figado no metabolismo de energia € como um 6rgao
regulador, controlando a captacao e a liberagdo de compostos para manutengao da
homeostase corporal %),

No figado, vias metabdlicas proteicas, como a transaminagdo e desaminagao
oxidativa, convertem os aminoacidos em substratos que sao utilizados na produgao
de energia, de glicose e na sintese de aminoacidos nao essenciais ("> 4.

Este 6rgao estd envolvido no armazenamento, ativacdo e transporte de
muitas vitaminas e minerais. Como as vitaminas lipossoluveis (A D E K) e a vitamina
B12 e os minerais como o zinco, ferro, cobre e magnésio '¥.

O figado garante a homeostase corporal, via manutencdo da musculatura

esquelética humana, associada a regulagdo metabdlica de macro e micronutrientes
(14)

1.2 CIRROSE

Desde a antiguidade, os gregos e os romanos ja verificavam o endurecimento
e a deformidade do figado em certas doencas, chamando esta patologia de “kipp6s”,
termo que deu origem a palavra cirrose .

Embora a caracterizacdo da cirrose atribua-se a Laennec, a primeira
descricdo histoldégica detalhada do figado cirrético foi realizada em 1838 por
Carswell, sendo que, em 1842, Rokitansky sugeriu que a cirrose € o resultado de
uma resposta ativa do tecido conjuntivo aos disturbios circulatérios e a reagao
inflamatdria. A definicdo aceita atualmente para cirrose foi proposta em 1930 por
Rossle 1.

A cirrose € uma doencga hepatica crénica, decorrente da destruicdo e
regeneragcado das células hepaticas, ocasionando, do ponto de vista histologico,
presenca de fibrose e formagédo nodular difusa, com consequente desorganizagao

da arquitetura lobular e vascular do 6rgao, e representa a via final comum da leséo
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hepatica cronica independentemente do agente etiolégico que produza a leséo @ '
16).

A cirrose apresenta distribuigdo global, independente de raga, idade e género.
Com uma prevaléncia estimada, que varia de 4,5% a 9,5%, de acordo com estudos
de necropsia 0 que poderia corresponder a cerca de 100 milhdes de pessoas
acometidas em todo o mundo ).

A hepatite viral, especialmente do tipo B, constitui a principal causa de cirrose
em paises da Asia, ao passo que, em paises desenvolvidos, os principais agentes
sdo o alcool, o virus C e, mais recentemente, a esteato-hepatite n&o alcodlica. Em
ambulatorios institucionais, o alcool representa a principal causa de hepatopatia
cronica. Entretanto, em levantamento da Sociedade Brasileira de Hepatologia (SBH),
quando s&o avaliados pacientes da clinica privada, o uso excessivo de etanol é bem
menos frequente, sendo a hepatite C a principal causa de hepatopatia cronica nessa
populacéo 19,

A caracterizagdo histolégica de cirrose € a mesma, independentemente de
sua etiologia, com a presenga de ndédulos formados a partir dos septos de fibrose,
condicdo essencial da cirrose. Os septos de fibrose podem envolver um Idbulo
unico, formando pontes de uma veia porta a outra, podem também atravessar o
I6bulo, unindo a veia central a veia porta, para criar nddulos menores, ou ainda
cercar muitos lobulos para criar um ndédulo maior (Figura 3). Na cirrose, s&o
reconhecidas trés categorias morfologicas basicas, baseadas no tamanho dos
nodulos. Um tipo micronodular, em que os nédulos apresentam um diametro menor
que 3 mm; um tipo macronodular, em que os nodulos apresentam tamanho maior
que 3 mm de didmetro e normalmente mostram variagdes no tamanho; e um terceiro

tipo, que é formado por uma mistura padrdo, do tipo micronodular e macronodular
(18)
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Hepatite Necrose com  Necrose com

penportal  pontes pontes da Necrose Cirrose
portal-portal  veia central- multilobular ativa
Normal oortal
A

Progressdo para  Progressdo para A maiona Progresséao

a cirrose 0%- a curose 85% prognde para cirrose S-anos
17% 5-anos para 80% mortalidade
5-anos mortalidade, cirrose 5-anos 8%
mortalidade, 0% 45% mortalidade, 45%

Figura 3: Representacdo do hepatdcito normal e suas sucessivas etapas na

progressao da cirrose. Citado e adaptado por Amalia PM e col. (19)
Fonte: Amalia et al., 2004.

As células estreladas hepaticas sdo importantes no processo de fibrose da
cirrose, pois estimulam a produgdo da matriz extracelular e regulam, pelas suas
longas extensdes citoplasmaticas, o fluxo sanguineo intrahepatico que podera
determinar o grau de hipertensdo portal ®  As células estreladas hepaticas
apresentam-se com dois fendtipos: quiescente e ativado ©® '%. As CEHs, quando
ativadas, independentemente da etiologia da cirrose, apresentam maior capacidade
de proliferagdo, motilidade, contratilidade, sintese de colageno e de componentes da

matriz extracelular (Figura 4) ® 20,
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Figura 4: Ativacdo das células estreladas no processo de dano hepatico.
Fonte: Schuppan, 2008.

Na lesdo hepatica cronica, uma matriz fibrilar, produzida pela ativagao das
células estreladas, acumula-se no espago de Disse e resulta em perda das
microvilosidades dos hepatdcitos, reduz o tamanho e o numero das fenestracbes
sinusoidais. A colagenizagdo do espaco de Disse resulta em menor acesso de
substancias ligadas as proteinas e aos hepatécitos. Essas alteragdes podem ser
acompanhadas pela ativagdo das células de Kupffer nos sinusdides (Figura 5) ©19.
Esse contexto determina a disfungado dos hepatdcitos desencadeando o processo de
hipertensao portal, relacionado diretamente ao grau de fibrose do figado.

O desarranjo na arquitetura lobular, com disfungdo hepatocitaria leva a um
quadro de hipertensdo portal, tal situacdo implica diretamente na alteracdo do
funcionamento hepatico. As consequéncias, parte da hipetersdo portal, refletem-se
em multiplos érgdos e sistemas, principalmente no cardiocirculatorio, renal,
pulmonar, neurolégico e metabdlico, e suas principais consequéncias sao:
cardiomiopatia cirrética, varizes de eséfago e gastroparesia da hipertensédo portal,
ascite, sindrome hepatorrenal, sindrome hepatopulmonar (SHP), hipertensao porto
pulmonar (HPP), encefalopatia hepatica e alteracdo do metabolismo © 2%,

Individuos que apresentam cirrose, independentemente de sua etiologia,
desenvolvem progressivamente um quadro constitutivo de desnutricado proteico-
calorica (DPC).
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Figura 5: Arqmtetura hepatica com injaria crénica.
Em (A) mostra o sinusdide hepatico e a presencga de corddes de hepatdcitos e o0 acumulo
de MEC, em (B) desenho de alta resolugdo do espaco subendotelial com a ativagdo das
CEHs e células de Kupffer e perda das fenestracdes.?"

Fonte: Friedmann, 2004.

1.3 ALTERACOES METABOLICAS NA CIRROSE E DESNUTRICAO PROTEIO
CALORICA (DPC)

A caracteristica clinica de DPC é derivativa de uma série de modificacbes
metabdlicas classicas na cirrose. Tais alteragbes geram diminuicdo nas reservas de
glicogénio, advindas da queda da gliconeogénese, aumento do processo oxidativo
de carboidratos potencializando a lipoperoxidagao *>?®. Ocorre resisténcia insulinica
que afeta de forma significativa a estrutura musculo esquelética, mesmo em
presencga de gliconeogénese normal, seguindo a cronologia do desenvolvimento do
diabetes melitos, o qual tem sido reportado em 15% a 30% desses pacientes (%224,

Em geral, a hipoglicemia é observada na doencga hepatica aguda e grave, € a
intolerancia a glicose mais tipicamente na doenca hepatica cronica e cirrose ®®. O
grau de intolerancia a glicose na doenga hepatica cronica, é variavel de 57% a
80%% 27 28 assim como a incidéncia de diabetes melitos de 10 a 40%%% 2" %) A
falha desses mecanismos homeostaticos na doenga hepatica pode resultar em

hipoglicemia ou intolerancia a glicose. A resisténcia insulinica é referida, nesses
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pacientes, isoladamente apos a refeicdo®® ou associada ao aumento dos horménios
contra reguladores como glucagon, horménio de crescimento®® e catecolaminas ",

Sao inumeros os fatores que contribuem para a DPC e alteragbes
metabdlicas na cirrose, onde os sintomas digestivos como anorexia, nauseas,
vomitos, saciedade precoce, podem ser desencadeados por alteragcbes da leptina
enddgena, déficit de minerais, ascite refrataria, que diminuem a capacidade de

expansao gastrica % 3%,

Outros fatores seriam as possiveis deficiéncias de zinco e magnésio ©¥,
provocando disgeusia, agao hipotalamica dos niveis elevados de serotonina e a
elevagdo das citocinas, particularmente do fator de necrose tumoral (FNT) e
interleucina 1 (IL-1) ©.

A dieta desses pacientes torna-se muito restritiva: hipoproteica, hipolipidica,
hipossddica, dificultando a aderéncia ®®. Além disso, o jejum prolongado em
pacientes com encefalopatia ou sangramento digestivo, também contribui com a

menor ingestdo energética do paciente hepatopata ©7

Alteracbes do
comportamento provenientes da prépria encefalopatia ou alteragdes neuroldgicas,
também impedem rotinas alimentares ®®. A ma absorcdo foi descrita em 26% dos
pacientes, em funcdo do aumento na excregao de nitrogénio e gordura nas fezes 2.
Quanto ao hipermetabolismo, como causa da DPC, ainda ndo ha consenso na
literatura ). Alguns autores observaram aumento na taxa metabdlica de repouso de
pacientes cirréticos, verificado, principalmente, por alteracdo de massa livre de
gordura e um gasto energético de massa magra acima do normal “%.

Um fator contribuente para a redugdo da ingestdo alimentar diaria é a
disgeusia, queixa comumente reportada pelos pacientes na clinica, mas nao
documentada em ensaios clinicos.

Referente ao metabolismo proteico na cirrose ha alteragcdes adaptativas, pois
a demanda proteica se eleva, porém, em contrapartida, sua absorcao e sintese
estdo diminuidas, instalando-se um processo de degradag&o proteica corporal,
também conhecida como sarcopenia. Tal processo ocorre tanto em estado de jejum
ou periodo pdés-prandial e resulta em um aumento na producido hepatica de ureia e
excrecao de nitrogénio. No jejum de curta duragdo, as necessidades energéticas
provenientes da gordura sdo de 70%, isto €, 30% superiores as dos individuos

normais. Isso sugere a pouca adaptabilidade do cirrético ao jejum, passando
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rapidamente a oxidagéo lipidica em fungdo da brevidade da fase glicogenolitica
(41,42).

Agregada a degeneragao proteica, ha niveis plasmaticos elevados de
aminoacidos aromaticos (fenilalanina, tirosina e triptofano livre), que sao fatores de
identificacdo de degradagéo proteica e aumentam os niveis de ureia circulante, o
que determina, consecutivamente, aumento de aménia %243,

O agravamento da insuficiéncia hepatica € caracterizado por uma menor
metabolizacdo dos aminoacidos aromaticos e sulfurados, cujo produto
(neurotransmissores e mercaptanos), precipitariam os sintomas neurolégicos da
encefalopatia hepatica. Os mercaptanos sao produtos da metabolizacdo da

*) enquanto o acumulo, no cérebro, de

metionina pelas bactérias intestinais (
neurotransmissores verdadeiros (serotonina) ou falsos (tiramina e octopamina), é
consequéncia da maior passagem de seus precursores (triptofano e fenilalanina)
pela barreira hematoencefalica.

Contribui para esse transporte a diminuicdo dos niveis plasmaticos dos
aminoacidos de cadeia ramificada (leucina, isoleucina e valina), provocada tanto
pela subnutricdo proteica 49 como pelo hiperinsulinismo, comum nos pacientes
cirréticos, que promove maior captagcdo dos aminoacidos de cadeia ramificada
(AACR) pelo musculo, reduzindo suas concentragdes plasmaticas. Com isso, ha
menor competicdo dos AACR com o triptofano para entrada no cérebro, aumentando

(% Ao contrario, niveis aumentados de

a producido de serotonina cerebral
corticosteréides, por promoverem a protedlise, aumentam a concentragao
plasmatica dos aminoacidos aromaticos, cuja captagdo cerebral vai depender da
gravidade da doenca “°),

Em pacientes cirréticos, a alteragdo no metabolismo lipidico é bastante
significativa, com o aumento da lipdlise, diminuicdo da concentragdo de
triglicerideos, fosfolipideos, colesterol, acidos graxos poliinsaturados, assim como os
niveis de apolipoproteinas “").

As provas de integridade hepatica auxiliam na detecgcdo e avaliacédo de
gravidade de doencga. A aspartato aminotransferase (AST), uma enzima encontrada
nas mitocondrias e no citosol, e a alanina aminotransferase (ALT), uma enzima
citosodlica encontrada nos hepatoécitos. Quando elevadas, estao relacionadas a lesao
ou destruicdo de tecidos ricos em ALT e AST ou a alteracdo da permeabilidade

celular. A fosfatase alcalina (FA) representa um grupo de isoenzimas que catalizam
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a mesma reagao. Sua elevagao no soro € evidenciada em doengas hepatobiliares.
(16)

A desnutrigdo proteico caldrica (DPC) € uma condigédo clinica classica da
cirrose, desde seu estagio inicial, entretanto, sua constatacdo ocorre em
estadiamento catabodlico avancado por ndo haver, até o momento, uma forma de
mensuragao precoce.

Identificar o estado nutricional em cirréticos € fator progndstico de grande
importancia, tanto que em 1973 fazia parte do escore de Child-Turcotte Pugh “&49).
O controle e a manutencao do estado nutricional do cirrético estdo associados as
condigdes de compensagdo do mesmo. A intervencg&o nutricional precoce pode agir
diretamente na melhoria clinica e conduzir a um bom progndstico. O mau estado
nutricional se associa a um pior prognéstico, ocasionando complicagdes, gerando
uma ma qualidade de vida com baixa sobrevivéncia ©?.

Atualmente, para classificar a condigdo clinica do cirrotico, utilizam-se dois
escores: Child-Pugh ©V e MELD (The Model for End Stage Liver Disease) ©?).
Estudo realizado com 177 pacientes cirroticos, para avaliar a validade progndstica
do escore Child-Pugh, concluiu que a taxa de sobrevida de um ano é de 100 % para
pacientes Child A, 80% para B e 45% para C ©¥.

Sabidamente, até o momento, ainda nao esta estabelecido um padrdo aureo
para predizer o estadiamento nutricional de pacientes cirréticos, principalmente em
sua fase inicial.

Para o estudo da cirrose e de todos os seus mecanismos envolvidos, existem
modelos experimentais que mimetizam a lesdo hepatica de humanos, entre eles o

exemplo classico do tetracloreto de carbono (CCly) (1954 5% %),
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1.4 MODELO EXPERIMENTAL DE CIRROSE HEPATICA

Existem inumeros estudos experimentais utilizados para avaliar e
acompanhar o desenvolvimento fisiopatologico de cirrose, dentre eles podemos

citar:

a) Obstrugao do ducto biliar:
Modelo experimental que se caracteriza pela obstrugcdo das vias biliares extra-
hepaticas de maior calibre, ocasionando dificuldade para eliminacdo da bile,
destruicdo do parénquima hepatico e fibrose progressiva. Este modelo é

desenvolvido em 28 dias ©7: %9,

b) Administragdo de drogas:
- etanol produz infiltracdo adiposa, hepatite e cirrose 9,
- a tiocetamida é metabolizada pelo sistema oxidase de fungdo mista em um
hepatotdxico denominado tiocetamida-S-oxidase, que contribui para peroxidacao
lipidica, levando a formagao de fibrose e cirrose ¢
- a dimetilnitrosamina € um bom indutor de fibrose hepatica, sendo considerada
um modelo que reproduz alteragdes bioquimicas e patofisiologicas de fibrose e
cirrose de humanos ©' 62,
- 0 uso de tetracloreto de carbono (CCl;) € empregado amplamente para
avaliaggo da cirrose experimentalmente, reproduzindo anormalidades
hemodindmicas, com o aumento da resisténcia vascular hepatica, isso pode
acarretar a hipertensdo portal e também o impedimento nas trocas entre os

sinusoides e os hepatdcitos, representando o maior dano hepatico na cirrose.®®

63)

1.4.1 Tetracloreto de carbono

A primeira investigacdo de cirrose induzida por CCl, foi realizada em 1936 ©4).

Apods esse estudo, o CCly tem sido extensivamente usado para induzir cirrose em
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ratos, camundongos, porcos, porcos-da-india, hamsters, babuinos e caes. O tempo
necessario para desenvolver cirrose por CCl, varia de animal para animal. Segundo
Perez-Tamayo (1983), o intervalo entre as administragcbes de cada dose de CCl,
nao deve ser longo, para que as células danificadas ndo se recuperem, sendo
recomendadas, normalmente, duas doses por semana, o0 que pode variar com 0
modelo estudado ©°.

O CCl4 pode ser absorvido através dos pulmdes, sendo administrado por
inalacéo %) absorvido através do trato gastrointestinal, sendo administrado por via

intragastrica ), pode também ser administrado por via intraperitoneal ©©

(67)

, via
subcutanea ©” e via intramuscular ©®.

A cirrose induzida por injegao intraperitoneal de CCl; € um modelo
experimental classico que simula as complicagdes das doengas crénicas do figado
de humanos, reproduzindo fielmente alteragbes histoldgicas, bioquimicas,

hemodinamicas, renais e neurohumorais ©®

, como ictericia, ascite, encefalopatia,
hipertensdo portal entre outras, sendo esse modelo utilizado amplamente para o
estudo de cirrose e de substancias que possam reverter a fibrose.

Essa droga é utilizada como modelo classico de hepatotoxicidade por
xenobiédticos, produzindo nos modelos experimentais de animais alteragdes na zona
3 do acino, como necrose, esteatose e fibrose, que se assemelham aos danos
produzidos em humanos. O mecanismo de injuria produz dano sobre as membranas
dos hepatdcitos e sobre as organelas intracelulares ©9).

O CCly é uma hepatotoxina que causa lesdo ao figado, mediada pelo

(70.71) " Sua hepatotoxicidade envolve sua metabolizagdo

aumento de radicais livres
pelo citocromo P450 nos hepatécitos, dando origem ao radical triclorometil (e CCI3) e
triclorometil peroxil (eOOCCI) (Figura 6). Estes radicais livres sdo instaveis e
imediatamente reagem com os componentes da membrana, iniciando uma reagao

em cadeia que leva a lipoperoxidacéo (LPO) (2.
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CCly

Figura 6: Geragao de radicais livres e a injuria hepatica pela acdo do CCl,."®
Fonte: Pavanato, 2004.

A formacao destes radicais livres relaciona-se a uma resposta inflamatéria,
com a ativagdo de células hepaticas, incluindo as células de Kupffer, CEHs e
sinusoidais, que, quando ativadas, secretam citocinas que irdo mediar a fibrogénese
e consequentemente a cirrose hepatica ©7.

Os radicais livres e as espécies reativas de oxigénio (ERO) formadas causam
oxidagao de proteinas celulares, incluindo as presentes no reticulo endoplasmatico
rugoso e nas mitocondrias, e dano extenso ao acido desoxirribonucleico (DNA)
mitocondrial prejudicando a sintese mitocondrial pelo figado.

Existem na literatura diferentes métodos de avaliagao corporal sendo testados
com o intuito de avaliar a associagao entre a condi¢ao clinica e o estado nutricional
na cirrose, além de aferir de forma indireta alteracdbes metabdlicas ocorridas no
processo da doenga como o desfecho ocorrido nos estudos por tetracloreto de
carbono. Um dos métodos sendo amplamente utilizado no momento é o angulo de

fase, mensurado através da Bioimpedancia elétrica.
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1.5 BIOIMPEDANCIA ELETRICA (BIA)

A impedancia elétrica € a oposi¢ao que um sistema oferece a passagem de
uma corrente elétrica. Quando a diferenga de potencial é aplicada a este sistema, a
passagem dessa corrente sera mensurada conforme a oposicdo encontrada 4.

Aplicando esta definicdo para a area da biologia, temos a biocimpedéancia
elétrica (BIA), que apresenta, como opositor a sua corrente elétrica, substratos
bioldgicos, cuja unidade funcional é a célula (".

A BIA nos fornece dados sobre o substrato avaliado em relacdo as suas
dimensdes fisicas ou mudancas em suas propriedades condutivas, onde essas
propriedades podem sofrer alteragdo por modificagdo de processos eletroquimicos,
temperatura, pH, estado de hidratagdo e viscosidade do fluido ou do tecido biolégico
analisado. De posse dessas informacdes, € factivel acompanhar possiveis
alteracdes fisioldgicas de diferentes seres vivos /.

Compartimentalizando o corpo humano, ndo apenas no modelo classico
usualmente utilizado, ou seja, divisdo de massa gorda e massa livre de gordura, mas
de forma quantitativa, a distribuicdo funcional, celular, molecular e, dependendo do
modelo do aparelho, pode fornecer dados de composicao atdbmica, conforme Figura
7.
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Figura 7: Modelos multicompartimentados de composigéo corporal.
Fonte: Ellis, 2000.

Independente da doenca de base, o compartimento que apresenta bons
resultados, como indice progndstico, é o celular. Observam-se estudos em pacientes
com cancer, sidéticos, cardiopatas e pacientes cirurgicos, que demonstraram um
bom indice prognédstico "® ") Caracterizar a condicdo nutricional e a condicéo
clinica do cirrético, precocemente, significa intervengdo nutricional precoce e
atuacgao positiva no progndstico geral do paciente.

A BIA se caracteriza por ser um método rapido, ndo invasivo, de baixo custo e

portatil (Figura 8), ndo apresentando qualquer risco ao paciente.
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Figura 8: Aparelho de Bioimpedancia Elétrica tetrapolar.
Fonte: Autor
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Sua corrente elétrica € imperceptivel, pois de baixa amplitude (800uA) e alta
frequéncia (50KHz), o suficiente para gerar resisténcia aos tecidos ndo condutores
de energia e ao mesmo tempo avaliar a viabilidade celular (Figura 9). Nessa
avaliagao corporal, constam dois parametros de grande importancia: a resisténcia
corporal (R) e a reatancia (Xc). A R € a oposigao oferecida pelo corpo a passagem
da corrente elétrica, sendo inversamente relacionada a agua e aos eletrolitos
contidos nos tecidos corporais. A Xc é a capacitancia (viabilidade) das propriedades
da membrana celular, podendo variar em decorréncia de sua integridade, funcao e

composicéo '®).

Figura 9: Passagem da corrente elétrica pelo corpo

Figura 9: Passagem da corrente elétrica pelo corpo
Fonte: Barbosa-Silva, 2005.

No passado, havia restricdes no uso da BIA para individuos com assimetria
corporal, ou seja, amputag¢des, disturbios hidroeletrolitico (edema e ascite),
obesidade, distrofias e gestacdes, pois o método BIA parte do pressuposto que o
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formato do corpo humano assemelha-se a um cilindro de hidratagdo constante, de
massa magra invariavel, com comprimento e area de secgao transversal uniformes
(Figura 10) (7% 89),

Tecidos de composi¢cao hidrica e eletrolitica aumentadas como o fluido
cérebro-espinhal, sangue, musculos, sdo altos condutores elétricos. Ja tecidos
gordurosos, 0ssos e 0 ar que preenche alguns espagos do corpo, como os pulmdes,

@) A condutibilidade dos tecidos

sdo de alta resisténcia a corrente elétrica
bioldgicos é praticamente ibnica, ou seja, as cargas elétricas séo transferidas pela
ionizagdo dos sais, bases, acidos dissolvidos no fluido corporal. Portanto, a
condutibilidade biologica é diretamente proporcional a quantidade do volume do
fluido corporal. Por este fato, no paciente que se encontra em estado de
hiperhidratagdo, o valor da massa magra fica superestimado, apresentando
alteracdo no resultado da avaliagdo corporal, sendo uma das limitacbes deste

método @9

Cilindro
LN

l/"_

J

Area de corte
et s
Corrente transversal (A)

A
4

Comprimento (L)

Figura 10: Principios do método de BIA. &
Fonte: Kyle et al., 2004.

O uso da BIA tem demonstrado eficiéncia na afericdo dos compartimentos
corporais em diversas situagdes clinicas como desnutricdo, traumas, pré e pos-
operatorio, doengas hepaticas compensadas, insuficiéncia renal dialitica e cancer®.

Alteragdes no formato do corpo podem influenciar os resultados do exame.
Nessas situagdes, pode ser mais aconselhavel o uso de BIA de forma segmentar
para obtencao de melhores resultados. Lembrando que a BIA baseia-se na teoria na

simetria corporal, onde o nivel de hidratacdo e o percentual de gordura séao
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constantes, quando nos deparamos com realidades diferentes, com faixa etaria,
grupo étnico, forma do corpo ou condigdes clinicas diversas, nao se dispbe de
equacgdes "universais", utilizadas em todas as situagdes, sendo necessario outro
parametro como ponto de referéncia (8 82),

Frente a estas diversidades, o parametro de bioimpedancia clinicamente
estabelecido é o angulo de fase (AF). O angulo de Fase é calculado a partir da

férmula que considera a Resisténcia (R) e Reatancia (Xc):
AF= arco tangente(Xc/R) x 180/n

O AF ganhou popularidade nos ultimos anos, pois mostra ser altamente
preditivo de evolugao clinica em uma variedade de doengas. Estudos mais recentes
reportam que os valores do AF apresentam boa correlagdo com pardmetros de
evolug&o clinica da doenga estudada 2.

O angulo de fase € um método rapido, aplicavel na clinica (Figura 11), e
reflete a vitalidade e integralidade celular, onde os valores mais elevados indicam a

a 8 Em individuos saudaveis, o AF pode variar entre

atividade celular preservad
6° e 7° ® em valores abaixo de 5.4° é indicativo de mau progndstico para

cirroticos®®).

Figura 11: Paciente cirrético sendo avaliado pela bioimpedancia
elétrica.
Fonte: Autor
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O conhecimento do AF associado as caracteristicas clinicas da cirrose
possibilitou transpor a experiéncia clinica em humanos para a bancada
experimental, utilizando o modelo de inducéo de cirrose por tetracloreto de carbono,
gue mimetiza as caracteristicas clinicas de cirrose humana, inclusive a desnutricao
proteico caldrica, e assim avaliar, funcional e estruturalmente, as células hepaticas

de ratos cirréticos (Figura 12).

Figura 12: Animal cirrético sendo avaliado pela Bioimpedancia elétrica.
Fonte: Autor

Ha estudos que comparam o AF com demais métodos de avaliagao nutricional.

1.6 AVALIAGCAO NUTRICIONAL

A avaliagdo do estado nutricional nos pacientes cirréticos representa um
desafio para a equipe multidisciplinar, pela presenca de alteragdes decorrentes da
prépria doenga, que aumentam a limitagdo dos métodos usuais utilizados e
requerem uma ateng¢ao redobrada do profissional nutricionista, que deve utilizar o
maior numero possivel de parametros para sustentar a confiabilidade dos

resultados.
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A avaliacdo do estado nutricional tem como objetivo identificar os disturbios
nutricionais, possibilitando uma intervencao terapéutica para auxiliar na recuperacao
e/ou manutencdo do estado de saude do paciente. Essa avaliagdo deve ser
realizada periodicamente e pode se tornar um indicador de sobrevida do doente com
hepatopatia cronica 7.

Um dos componentes da avaliagao nutricional € a verificagdo da composi¢cao
corporal, que quantifica os principais componentes estruturais do corpo humano. O
tamanho e a forma corporais sdo determinados pela carga genética e formam a
base sobre a qual sao dispostos, em propor¢des variadas, os trés maiores
componentes estruturais do corpo humano: osso, musculo e gordura. Esses
componentes sdo também as maiores causas da variacdo da massa corporal ©®.

Conforme descrigdo de Heryward e Stolarczyc ®9 a composicdo
corporal compreende a Massa de Gordura (MG), que se refere a todos os lipidios
extraidos do tecido adiposo e outros tecidos do corpo, e a Massa Livre de Gordura
(MLG) ou Massa Corporal Livre de Gordura (MCLG), que sao todos os tecidos e
residuos livres de lipideos, incluindo agua, musculos, ossos, tecidos conjuntivos e
orgaos internos. Outro compartimento corporal € a Massa Corporal Magra (MCM)
composta de lipideos essenciais (fosfolipidios), necessarios para a formagao da
membrana celular (~ 10% dos lipideos corporais totais).

Compartimentalizando as gorduras temos a Gordura Subcuténea,
que se caracteriza como tecido adiposo acumulado sob a pele. A Gordura Visceral é
o tecido acumulado dentro e ao redor dos érgéaos das cavidades toracica (coragao,
pulmdes) e abdominal (figado, rins e outros). A Gordura Intra Abdominal é a gordura
visceral da cavidade abdominal, a Gordura Abdominal é a gordura subcutanea e

visceral da regido abdominal ®.

Os padrdes de referéncia de massa gorda, segundo Lohman 9,
estdo dispostos conforme o género masculino e feminino, e, em percentuais dos
niveis de gordura, o qual indica fator de risco para doengas associadas com a
massa gorda como anorexia, cancer, cardiopatia ou obesidade.

O padrao de normalidade de massa gorda para o género masculino é
de 15% e o feminino é de 23% “°). Para o género masculino, valores entre 6-14% de
gordura podem representar risco moderado quando associados a alguma doencga;
para o género feminino, temos valores maiores de 9-22%. Risco elevado para baixo

percentual de gordura esta determinado para o género masculino < 5% e, para o
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feminino, < 8%. O mesmo risco também ocorre com valores acima da média, quando
associado as diferentes doencgas, onde 16-24% representa médio risco para o
género masculino, enquanto para o género feminino é de 24-31%. Existe também
risco elevado quando se obtém valores = 25% para o género masculino e para o
feminino = 32% ©V.

A observagdo desses dados permite identificar que parametros
isolados nao caracterizam a condigao nutricional dos cirréticos, pois sua estrutura
corporal € modificada pela da doenga. Portanto, é interessante empregar uma
associacao de meétodos para melhorar a precisao e a acuracia da avaliagao corporal
e o diagnostico nutricional, razdo pela qual a avaliagédo deve consistir de métodos
variados como o antropométrico, a dinamometria, a bioimpedancia e avaliagdes

clinica e bioquimica 2.

1.6.1 Avaliagao antropométrica

A avaliagdo antropométrica € a medida do tamanho corporal e de
suas propor¢des de maneira estatica. As medidas mais utilizadas na pratica diaria
de avaliagdo nutricional nos individuos sdo o peso, a estatura, a prega cutanea
tricipital (PCT), a circunferéncia do brago (CB) e a circunferéncia muscular do brago
(CMB), o indice de Massa Corporal (IMC) e circunferéncia do pulso (CP). A anélise e
classificagdo do conjunto dos dados coletados devem ser comparados com
parametros de referéncia %> %4,

O peso e a altura devem ser aferidos de acordo com técnicas

padronizadas

. A relacdo peso-altura foi proposta por Quetelet em 1853 e é
conhecida como IMC ou indice de Quetelet. Sua classificacdo mais difundida segue
a proposta do comité Organizagdo Mundial da Satide (FAO/OMS -1995) &4,

Os pacientes hepatopatas apresentam, na evolugdo da doenca,
alteragdes corpodreas significativas, principalmente quanto ao peso corporal pela
presenca de edema e ascite, razdo pela qual o IMC n&o parece um método
adequado para o diagndstico nutricional, pois nos fornece um resultado alterado

devido as distor¢des corporais do cirrdtico 9 9697,
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A medida da PCT estima indiretamente a massa de gordura, atraveés
da medida da espessura de duas camadas de pele e a gordura subcutanea
adjacente, estimando assim a espessura do tecido adiposo subcutaneo. E um bom
método de avaliagao de cirréticos, embora alguns estudos tenham encontrado uma
baixa prevaléncia de desnutridos, quando comparado a outros métodos & 99,

Para determinar a quantidade de massa muscular, o parametro
antropométrico utilizado ¢ a CMB %2, A CMB é derivada da CB e a da PCT. Sua

classificacéo é feita em percentis 2.

1.6.2 Avaliagao subjetiva global

Durante anos a Avaliscdo Subjetiva Global (ASG) tem sido
amplamente utilizada nas diferentes populacdes. E um método clinico com questdes
de facil reprodutibilidade sobre a historia, sinais, sintomas e condi¢des fisicas do
individuo focadas no aspecto nutricional ®Y. A historia clinica avalia elementos
como perda de peso nos ultimos seis meses, modificagdo quantitativa da dieta,
presenca de sintomas gastrointestinais, avaliagdo da capacidade funcional e
alteragcdes metabdlicas. No exame fisico, sdo avaliados dados como perda de
gordura subcutanea, perda de massa muscular e presenga de liquido no espacgo
extracelular. Apds analise de todos esses aspectos, cada item é numerado, é feito o
somatorio destes pontos e obtido um escore que fornece o diagnéstico nutricional.
De posse deste dado, o paciente € classificado em categoria A (bem nutrido), B
(moderadamente nutrido ou suspeita de risco nutricional), ou C (gravemente mal

nutrido) (102, 103, 104).

(1%4) demonstraram uma boa concordancia (kappa=0,72)

Detsky e col.
quando os autores avaliando pacientes hospitalizados, observaram um indice de
acerto de > 90% por pacientes entre dois observadores diferentes "% 1% A ASG
tem se mostrado um método de credibilidade no diagndstico nutricional de
complicagdes no pds-operatorio de cirurgias gerais, transplante hepatico e com

pacientes em dialise ('%7).
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Alguns estudiosos ndo sédo adeptos deste método clinico por ser
constituido de itens qualitativos. Nos pacientes com cirrose, é dificil precisar a

alteragao ponderal, pois podem ter aumento pela ascite e retengao hidrica.

1.6.3 Avaliagao da forga do aperto de mao nao dominante

A avaliacdo da Forca do Aperto de Mao (FAM) se da pela
dinamometria, que refere-se a todo o tipo de processo que tem em vista a medigao
de forgas, bem como a medicdo da distribuicdo de pressdes ™ classificando o
estado nutricional dos individuos por género e faixa etaria.

O estudo da dinamometria parte do pressuposto de que, com a
desnutricdo protéico-calorica, ocorre diminuicdo da massa muscular, dificultando as
fungdes motoras (' 199,

Essas alteragbes na atividade muscular podem ser um indicador do
estado nutricional e mensurado com a mao ndo dominante, sendo um dos métodos
empregados para obter o estado nutricional do paciente, podendo identificar o
quadro de desnutricdo precocemente (1 1%8).

Em meados dos anos 90, a European Support Parenteral and Enteral
Nutrition ©® sugeriu o uso de FAM para pacientes com doenca hepatica cronica
como um bom método para diagnosticar desnutricdo. Estudos internacionais dessa
mesma época referem-se ao método como ideal para pacientes com complicacoes
cirurgicas, uma vez que se trata de um método sensivel e eficaz para diagnéstico de
risco nutricional (%% 110111,

Estudos nacionais com pacientes cirréticos demonstraram
superioridade no método FAM, quando comparado com ASG, no diagndstico de
desnutricdo, pois se trata de um método simples, de baixo custo, util e ndo sofre

influéncia das eventuais presencgas de ascite e/ou edema (1% 112 113)
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1.7 ZINCO

Em pacientes cirréticos, ndo apenas sao evidenciadas alteragdes na
composi¢ao corporal em detrimento do processo catabdlico da doenga per se, mas
também, caréncias de vitaminas e minerais importantes para o processo de
homeostase, como é o caso do zinco.

O zinco (Zn) é um micronutriente essencial necessario para mais de 300
processos celulares diferentes, incluindo sintese proteica e do DNA, atividades de
enzimas e sinalizacgo intracelular "%,

O zinco esta envolvido na estabilizacdo de membranas estruturais e na
protecao celular, prevenindo a peroxidagado lipidica, agdo comum de um
antioxidante. O Zn apresenta mecanismo de protecdo de grupos sulfidrilas contra
oxidagao e na inibicdo da producédo de espécies reativas de oxigénio por metais de
transicdo como ferro e cobre (119,

O zinco participa na formagédo da superoxido dismutase (SOD), observando
reducdo dessa enzima na deficiéncia desse mineral. Além disso, o zinco induz
mondcitos a formacgao de interleucinas-1 e 6 e inibe a producdo de TNFa, cascata
pré-inflamatoria caracteristica em um processo de desnutriggo (1.

Diversas doencgas, entre elas a cirrose, afetam de forma negativa a regulacéo,
metabolizagdo e transporte do zinco, por impedir a replicacdo das proteinas
transportadoras (119,

Essa alteracdo metabdlica implica negativamente na estabilidade gendémica,
pois 0 Zn participa de diversos processos celulares importantes como a replicagao
do DNA, sintese de proteinas essenciais para a proliferacdo celular, diferenciagcéo
celular, parada do crescimento celular, divisdo celular, transdugao de sinal,
codificacdo de receptores nucleares e de fatores de transcricdo nuclear (7).

Grande parte da absorgdo do Zn ocorre no intestino delgado, via jejunal, por
transporte transcelular. Tal transporte retarda sua saturacdo, possibilitando um
aumento de absorcao, pois aumenta a concentracdo de zinco no lume do intestino.
Além disso, a expressdao de transportadores de Zn no intestino delgado sera
proporcional a quantidade de Zn consumida na dieta. Assim, a absor¢cdo de zinco
fica aumentada em dietas pobres em zinco, resultando numa expressiva diminuicao

de perda desse metal por via intestinal (118 119),
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No processo de absorgdo, o zinco fica temporariamente retido nas células
intestinais, associando-se a metalotioneina, mantendo-se como uma reserva de
disponibilidade imediata, associando-se ao metal proveniente da dieta ''® 9. O
armazenamento do Zn no organismo se da principalmente no musculo esquelético e
nos ossos. Uma pequena parte (10%) é encontrada no figado e na pele (1" 119,

Uma caracteristica significativa do Zn € que ele se liga fortemente a albumina
e a outras proteinas em pH préoximo do neutro. Sua absor¢céo é dependente da
ingestao de proteina, ou seja, baixo consumo proteico interfere negativamente na

sua absorcdo (& 120)

. Altas concentragbes de fitatos, fibras na dieta, também
reduzem a absorgao de Zn.

O Zn possui grande afinidade pela albumina, e, sabidamente, o 6rgao
responsavel pela produgédo dessa proteina é o figado, que desempenha um papel
central na homeostase do zinco, pois € capaz de promover rapida reposi¢cao do
metal, pelo controle de armazenamento, via efeito de primeira passagem (%> 20O
paciente cirrético pode apresentar, portanto, um alto déficit na produg¢ao de albumina
e respectivamente na concentracdo de Zn sanguineo ('8 119,

A deficiéncia acentuada de Zn causa sintomas como anorexia, pois o0 Zn tem
grande atividade nos neurbnios glutaminérgicos, e o seu déficit pode gerar
intolerancia a glicose pela diminuicado na producéo de insulina. Mas o sintoma que
deve ser destacado, por potencializar a desnutricio destes pacientes, é a
disgeusia('?* %),

Diferentes autores interligam essa alteragdo de paladar a deficiéncia do Zn,
pois 0 metal € um componente da gustina, uma proteina envolvida no processo-

paladar (122 124),

1.8 SISTEMA GUSTATORIO

1.8.1 Lingua humana
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A lingua é o principal 6rgdo do corpo humano no processo do gosto, embora
estruturas como a faringe, palato e epiglote também apresentem pequena
sensibilidade a este sentido.

A lingua é um érgdo muscular localizado no assoalho da boca, sua raiz é a
parte posterior, 0 apice encontra-se na extremidade anterior e o dorso esta dividido
por um sulco médio em metades simétricas, como ilustra a Figura 13. Contribui na
mastigacéo, colocando os alimentos entre os dentes e desempenha um importante
papel na degluticio e na articulacdo dos sons da fala ().

O corpo da lingua apresenta um aspecto caracteristico em funcdo da
presenga de pequenas saliéncias, denominadas de papilas linguais ou gustativas,
que se distribuem em grande quantidade adiante do sulco terminal (Figura 13). As
papilas gustativas sao pequenos apéndices cheios de células sensoriais. Essas
células estdo ligadas ao nosso cérebro por fibras nervosas ).

As papilas da lingua sédo formadas por tecido conjuntivo recoberto por epitélio
estratificado pavimentoso e, por seu aspecto, sdo classificadas em quatro tipos:
filiformes, fungiformes, caliciformes ou circunvaladas e foliaceas ou foliadas (.

As papilas filiformes sao as mais abundantes e menores, seu epitélio
queratinizado confere a lingua uma cor acinzentada. As fungiformes sao isoladas e
dispersas em espacgos regulares entre as papilas filiformes, em menor quantidade e
apresentam formato de cogumelo. Seu tecido conjuntivo é bem vascularizado, seu
epitélio € mais delgado devido a menor queratinizagao.

As circunvaladas sdo em numero de sete a dez, formando um V no sulco
terminal da lingua, o epitélio ndo é queratinizado e, ao redor de cada uma delas, ha
uma invaginacgdo circular, no fundo da qual desembocam os ductos excretores de
glandulas serosas, as glandulas de von Ebner. Por fim, as papilas foliadas estdo
localizadas nas laterais da porgao dorsal e posterior da lingua. Nas bordas das

papilas foliadas, encontramos numerosos corpusculos gustativos M,
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Figura 13: Estrutura anatémica da lingua humana. "%
Fonte: Netter, 2000.

1.8.2 Lingua de ratos

A lingua de diferentes mamiferos ndo difere quanto a estrutura do tecido
epitelial. Entretanto, quando comparamos a lingua de humanos a lingua dos ratos,
notamos diferengas no grau de queratinizagdo. A lingua dos roedores apresenta
queratinizacdo uniforme e espessa, justamente em funcao de sua alimentagao (1%,

Suas papilas gustativas sdo divididas em circunvaladas, fungiformes e
filformes, nao havendo papilas foliadas como nos humanos. Entretanto,
encontramos apenas uma papila circunvalada no sulco terminal, ndo apresentando a
distribuicdo em V como na lingua humana. As filiformes sdo em maior numero, com
menor didmetro e estdo distribuidas pelo dorso da lingua. As fungiformes se
assemelham as papilas humanas no que se refere a localizagdo e tamanho, porém,
em menor numero, estdo distribuidas entre as filiformes por todo o dorso da
lingua'?®. A Figura 14 ilustra uma comparacdo da lingua humana com a lingua de

rato.



41

™~ Papila Ci.zcunvalad%
Papila Foliada

Eminéncia Inter molar

S

Papila Fungiforme

Papila Filiforme™ |

| ——— Sulco médio "=

RATO HUMANO

Figura 14: Diagrama da lingua humana e de ratos (126),

Fonte: Jung; Akita; Kim, 2004.

1.8.3 Paladar

O paladar é a fungao sensorial que permite a percepgdo dos sabores pela
lingua e sua transmiss&o, através do nervo gustativo ao cérebro, onde sé&o
codificados e analisados.

O paladar pode ser compreendido como um sistema fisiolégico regulatério no
processo da homeostase corporal, pois através dele € que podemos identificar
inumeras caréncias do corpo humano, como necessidade de glicose, aminoacidos,
alimentos citricos para obtencdo de determinadas vitaminas. Essa identificagao é
feita através dos cinco gostos (1?7,

Até recentemente, os pesquisadores estabeleciam quatro propriedades
basicas ao paladar, sendo estas o doce, amargo, azedo e o salgado (2% 129
Atualmente, houve a inclusdo do umami como o quinto gosto basico. Esse gosto
também atua como salientador do sabor do alimento (1?9,

Os seres humanos reconhecem o gosto através de uma sensagao decorrente
da cavidade oral, e que fornece informacdes quanto a qualidade quimica dos
alimentos, o que nos permite identificar alimentos em estado de decomposigéo,

adicdo de substancias estranhas, conferindo carater protetor 127,
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Os alimentos sdo complexos e possuem varias dimensdes que envolvem
diferentes sistemas sensoriais. Essa interacdo sistémica, que por sua vez envolve
textura, odores, formas e gostos, gera percepg¢des quanto ao consumo e a
necessidade de determinados alimentos. Assim, a qualidade sensorial dos alimentos
€ percebida como resultado da interacdo entre o alimento e o individuo que o
consome.

Existem denominag¢des para disturbios que envolvem o paladar. Quando a
sensibilidade do paladar esta diminuida, classifica-se por hipogeusia; a sensibilidade
alterada denomina-se disgeusia e, por fim, a ageusia é a auséncia de paladar "%,

A diminuicdo do paladar pode estar associada ao quadro clinico de
desnutricgo ®" ao diabetes melito, doenca de Cushing, hipertensdo arterial

sistémica, obesidade *? 3% adrenalectomia "**), neoplasias e doengas cronicas!™*

133.13%) a0 consumo de medicamentos, radioterapia e intervengdes cirtirgicas ), ao

136)

envelhecimento (*®, & composicdo da saliva '*® 1*° a0 habito de fumar e aos

habitos alimentares, ao humor e as sensagdes de fome ou de saciedade (128 137,

Na cirrose, além de fatores nutricionais que possam implicar a palatabilidade,
as medidas terapéuticas dietéticas restritivas e as complicacbes da doenca podem
alterar qualitativamente a dieta, tornando-a deficiente.

Na doenca avancada € que ha restricdo severa de proteinas de alto valor
biolégico, de sodio, de fluidos, de gorduras e de hidratos de carbono, que interfere
negativamente na palatabilidade, acentuando o quadro de desnutrigdo e piorando a
cirrose (138139,

A terapia medicamentosa utilizada no tratamento das complicagbes da
cirrose, como neomicina, lactulose e diuréticos, pode ocasionar complicagbes como
diarreia e atrofia das vilosidades do trato gastrintestinal, incluindo a cavidade oral,
originando ma absor¢cédo de folatos, zinco, potassio, magnésio e vitaminas
lipossoluveis. Nos pacientes hospitalizados, outros complicadores, como o jejum
prolongado e repetido, para realizagdo de procedimentos diagnosticos e
terapéuticos, e as alteragdes neuro-psiquiatricas da encefalopatia porto-sistémica,
desencadeiam o circulo vicioso de desnutricdo, dieta restritiva e terapia
medicamentosa (139 140),

O estado nutricional do cirrético e as suas deficiéncias associadas a evolugao

clinica poderiam ser acompanhadas por um indice progndstico que revelasse uma
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ferramenta pratica de auxilio no diagnéstico e prognodstico da desnutricdo, onde a
disgeusia poderia ser um sintoma relevante neste quadro.

A disgeusia tem relagao direta com a caracteristica das papilas gustativas. As
papilas gustativas apresentam quatro tipos de células, tipo I, Il, lll e IV, sendo estas
responsaveis pela transdugdo de sinal do gosto e, conforme a doenca que o
paciente pode apresentar, essas células podem apresentar desestruturacio.

1.8.3.1 Células tipo |

As céluas tipo | sdao as mais abundantes no sistema gustatério dos

mamiferos!'4"

e sao responsaveis pela hidrolise de uma porgdo de ATP
extracelular™? que & um neurotransmissor do paladar assim como o glutamato. As
células do tipo | parecem estar envolvidas na transmissao sinaptica que encerra e
restringe a propagacédo de sinal pelo transmissor, realizado no sistema nervoso
central pelas células gliais ("3

Além disso, as células tipo | apresentam um poder de homeostase através de
canais de K* "4 Durante cursos prolongados de potenciais de acdo excitados por
estimulagcédo de sabor intenso, as células do tipo | liberam K+ que se acumula nos
espacos limitados intersticiais da papila gustativa e diminuem a excitabilidade dos
demais tipos de células. Assim, as células do tipo | parecem funcionar como células
gliais em papilas gustativas ("4

Células do tipo | podem apresentar correntes idnicas implicadas na

o (146

transducdo de sinal gost ). Apesar de ser o tipo de célula mais abundante no

paladar, muito pouco se conhece sobre as células do tipo I.

1.8.3.2 Células tipo Il

As células do tipo Il funcionam dentro das papilas gustativas e incorporadas a
membrana plasmatica destas células, onde estdo os receptores que se ligam a

compostos amargos, doces, ou umami. Estes receptores de sabor sao acoplados a
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proteina GPCR — proteina G (segundo mensageiro) de receptores com sete
dominios transmembranares (147 14®),

As células do tipo Il expressam canais de ions de Na* e K* essenciais para a
producdo de potenciais de acdo e subunidades estruturais de leitores de “chave”
para secregcao de ATP. Qualquer tipo de célula tipo Il pode se ligar a familia de
proteinas GPCR — proteina G especifica para identificar sabor, tais como doce ou
amargo, mas n3o ambos (149,

Em reconhecimento de seu papel como os detectores principais destas
classes de paladar, as células do tipo Il foram renomeadas células "receptoras".
Células do tipo Il ndo parecem ser diretamente estimuladas por acido ou
salgado!'®?).

As células receptoras nao formam ultraestrutura capaz de realizar sinpases
para determinados sabores. Presumivelmente, as fibras nervosas dessas células
apresentam diferentes formas de ligagbes sinapticas aferentes. Os sinais
transmitidos a partir de células sensoriais receptoras aferentes ou outras células
dentro da papila gustativa devem ser feitos através de mecanismos né&o

convencionais, isto &, sem o envolvimento de vesiculas sinapticas (1°" 152153, 154)

1.8.3.3 Células tipo Il

O consenso é que as células do tipo lll expressam proteinas associadas as
sinapses e que formam jungdes sinapticas com terminais nervosos (%% 5. Estas
células expressam certo numero de genes, moléculas de adesdo de células de
superficie, enzimas para a sintese de, pelo menos, dois neurotransmissores e 0s
canais ions de Ca'™ tipicamente associados com a libertagdo de
neurotransmissores('®?),

As células do tipo Ill, que expressam proteinas sinapticas e rapida
despolarizagdo dependente de Ca*™*, sdo caracterizadas como "pré-sinapticas” ("°7.
As células tipo lll, por serem receptoras de sinal (células pré-sinapticas), sao
também excitaveis e expressam um complemento de canais de Na* e canais de K*

para apoiar potenciais de agao (146195, 1%6)
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A inervacao onde ocorre a sinapse das células do tipo lll, que parece ser por
ligacbes aferentes, ndo é conhecida. Além das propriedades neuronais acima
citadas, as células pré-sinapticas também respondem diretamente a estimulos ao
gosto amargo e solugbes carbonatadas e sao, presumivelmente, as células

responsaveis pela sinalizagao dessas sensagdes (17

1.8.3.4 Células tipo IV

A célula tipo IV é caracterizada por apresentar forma esférica ou ovoide que
nao se estende para processos do sabor e é susceptivel de ser célula indiferenciada
do paladar ou imatura ('8,

Alguns estudiosos identificam as células tipo IV como repositoras no processo
de apoptose das demais. Essa classe de célula seria a progenitora, garantindo a
homeostase dos demais grupos. Suas reais fungdes e caracterizagdo como célula
basal estdo para ser esclarecidas (%%

A Figura 15 resume a fungao das células do botao gustativo.



46

Fibras aferentes

Figura 15: Células do botao gustativo e suas funcdes ¢
Fonte: Os Sentidos..., 2012.

1.8.3.5 Fibras nervosas

Ha diferengcas de sensibilidade de paladar em fungdo da célula gustativa,
iniciando por sua localizagao (regiao anterior ou posterior da lingua), preservacao de
estrutrura para percepgao aos diferentes gostos (sal, amargo, azedo, doce e
umami)\'®".

Existem diferengcas na expressdo de genes entre papilas fungiformes e
papilas circunvaladas bem como na capacidade de resposta das células da papila
gustativa a estimulos de sabor (2.

A familia T1R (receptor de paladar hétero-oligomérico) € composta de trés
receptores especificos acoplados aos receptores proteina G, T1R1, T1R2 e T1R3,
0s quais sao conhecidos por terem padrdes distintos de expressdo. O T1R1 é
expresso em todas as papilas fungiformes, mas € raro nas papilas circunvaladas.
Em contraste, T1R2 raramente é expresso em papilas fungiformes, entretanto esta
expresso em todas as papilas gustativas circunvaladas "®®. O T1R3 ¢ fortemente
expresso tanto em papilas fungiformes quanto nas circunvaladas, e formam um
receptor de aminoacido e um receptor doce em combinacdo com T1R1 e T1R2,

respectivamente.
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Esses padrdes de expressao sugerem que as respostas de sabor doce
ocorrem principalmente nas células de papilas gustativas circunvaladas através do
heterodimero de T1R2 e T1R3, e que respostas de aminoacidos gustativos ocorrem
em papilas fungiformes através do heterodimero de T1R1 e T1R3. No entanto,
estudos fisiolégicos em ratos mostraram que as células receptoras gustativas na
regido anterior, bem como na regido posterior da lingua, foram sensiveis a ambas as
substancias, ou seja, doces e amino-acidos (%Y.

Na tentativa de elucidar o déficit caldrico diario observado no consumo
alimentar do cirrético associado a desnutricdo proteico caldrica e a uma aversao ao
sabor doce referida na clinica por estes pacientes, direcionamos o estudo para
possiveis alteragdes ao gosto doce.

O maior avango em nosso entendimento da percepcédo doce foi o
reconhecimento de que o receptor do gosto doce € similar a muitos outros
mecanismos de sinalizagdo no corpo. O receptor de gosto doce é uma proteina
transmembrana presente na membrana da célula que é acoplada ao sistema
proteina G (segundo mensageiro). A ligagdo de um substrato de doce ao receptor
causa uma alteracdo de conformacao na proteina receptora que afeta a sua
associagao com a proteina-G. A proteina G associada com o receptor de sabor doce
€ a alfa gustaducina, que, como a maioria das proteinas-G, compreende
subunidades alfa, beta e gama, e esta do lado citoplasmatico da membrana celular.
A ligagdo de um composto doce para o receptor provoca a dissociagdo da alfa
gustaducina do receptor, o que desencadeia eventos intracelulares, tais como a
abertura de canais i6nicos ou a geragdo de outros sinais bioquimicos. Para
percepcdo de doce, duas proteinas G acopladas a receptores, proteinas
transmembranares e T1R2, T1R3, dimeriza para formar o receptor de sabor doce,

como observado na Figura 16.
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Figura 16: Reacdes quimicas do gosto doce "¢

Fonte: Vilela, 2012.

Estimulagdo do receptor de gosto T1R2 + T1R3 ativa nervos periféricos
gustativos e, por sua vez, via gustativas cerebrais. Sabores doces compostos, tais
como 0s agucares e adogantes de baixa energia, podem ligar-se e estimulam os
receptores de sabor doce. (196 167).

De posse dessas informagdes relacionadas a cirrose, acreditamos que a
estruturacdo dessa linha de raciocinio podera elucidar questionamentos referentes a

DPC do cirrético, facilitando o manejo nutricional desta populagao.
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2 JUSTIFICATIVA

A tentativa de compreensdo do processo fisiolégico do gosto na cirrose
associada ao estado nutricional do paciente, gera conhecimentos sobre sintomas
referidos pelos mesmos que, até entdo eram classificados como irrelevantes. Um
assunto de tdo amplo espectro gerara questdes a serem respondidas com novos
estudos. A ampliagdo do conhecimento na area de nutricdo em hepatologia permitira
alavancar estratégias dietoterapicas efetivas, melhorando a qualidade de vida do
paciente cirrético.

A BIA pelo AF permite avaliar a integridade e funcionalidade celular, o que
representa uma evolugao substancial no conhecimento desta doencga, podendo atuar

como marcadar nutricional e prognostico.
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3 HIPOTESE

A hipotese de que ha alteragbes morfologicas e / ou histolégicas nas papilas
gustativas de pacientes cirréticos. No entanto, a realizagdo de bidpsias na lingua de
pacientes cirréticos nao € viavel, portanto, analisamos as linguas de ratos cirréticos

induzidos por CCl,4, para simular todas caracteristicas peculiares da cirrose humana.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Identificar um método de avaliagdo progndéstica que associa desnutricao
protéico caldrica (DPC) e suas caréncias nutricionais a evolugao clinica da cirrose,
sendo este factivel em protocolos clinicos e experimentais para auxiliar no

entendimento de sintomas como a alteracao de paladar.

4.2 OBJETIVOS ESPECIFICOS

Os objetivos especificos desta tese serdo divididos e respondidos em 3

artigos.

4.2.1 Artigo 1: Nutritional assessment in patients with cirrhosis - Publicado na

revista:

Arquivos de
Gastroenterologia

a) Comparar quatro diferentes métodos de avaliagao nutricional
(antropometria classica, ASG, FAM e BIA) em cirroticos.

b) ldentificar o melhor método de avaliagdo nutricional para o paciente
cirrotico.

c) ldentificar parametro de referéncia para a classificagdo do estado
nutricional dos cirréticos utilizando como ponto de corte valores do angulo

de fase.
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4.2.2 Artigo 2: Is the Phase Angle, a Prognostic Indicator for Nutritional Status in
Cirrhotic Patients? - Publicado na revista:

ISSN:1948-5964

Journal of Antivirals & Antiretrovirals

a) Correlacionar o angulo de fase padrao com o angulo de fase de pacientes
cirroticos.

b) Correlacionar o angulo de fase dos pacientes cirréticos com o escore
Child- Pugh.

c) ldentificar diferentes indices progndsticos através do angulo de fase.

4.2.3 Artigo 3: An assessment of rat tongues in an experimental cirrhosis model

. - Submetido a British Journal of Nutrition

a) Avaliar os niveis de zinco no plasma dos ratos cirroticos.

b) Avaliar a funcionalidade da célula pelo a&ngulo de fase através da
bioimpedancia elétrica, correlacionando a sua integridade através dos
valores de AST, ALT e FA e pelos valores de TBARS.

c) Avaliar a funcionalidade da célula pelo angulo de fase através da
bioimpedancia elétrica, correlacionando a integridade hepatica e a
deficiéncia de zinco.

d) Avaliar as papilas gustativas e botdes gustativos de ratos cirréticos por
microscopia eletronica de varredura comparando-os aos controles.

e) ldentificar por imunohistoquimica as células tipo Il e Ill nas papilas dos
animais cirréticos comparando aos controles.

f) Identificar por imunohistoquimica os receptores T1R2 e T1R3 dos ratos

cirréticos comparando aos controles.
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ABSTRACT — Conrext - Malnutrition in cirrhotic patients with end-stage disease is common, and the degree of nutritional debilitation
can play an important role in the pathogenesis of complications and cause a negative impact on prognosis. However, it involves
difficulties and controversies regarding the identification of the best nutritional assessment method. Objective - To identify a method
that provides a safe and effective nutritional diagnosis. Metheds - Cross-sectional study with 129 cirrhotic patients. Anthropometric
measurements, subjective global assessment, hand grip strength and bioelectrical impedance. Results - Through phase angle of
bioelectrical impedance analysis (BIA) method, significant associations with Child-Pugh (P = 0.008), age group and gender were
observed. The ROC (receiver operator characteristic) curve was generated to determine the best cutoff point of the phase angle
of cirrhotic patients, serving as one of the reference parameters for the nutritional assessment with bioimpedance in this study,
considering the classification through Child-Pugh score as the reference standard for the clinical conditions of patients with cirrhosis.
Conclusions - The assessment through bioelectrical impedance presented a statistically significant correlation with Child-Pugh
score. The identification of phase angle of 5.44° is the new parameter suggested for the classification of the nutritional conditions
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of cirrhotic patients.

HEADINGS — Liver cirrhosis. Electrical impedance. Malnutrition. Nutrition assessment.

INTRODUCTION

Protein caloric malnutrition is a syndrome considered
as progressive loss of both lean body mass (protein)
and adipose tissue (calorie). Significant changes in the
metabolism of protein, carbohydrates and lipids appear
simultaneously the consumption of muscular and lipid
compartments to satisfy a higher energetic demand™.
This clinical condition is common in patients with
chronic hepatopathy and affects 20% of the patients
with compensated cirrhosis and more than 60% of
these patients with severe hepatic dysfunction-22,

Several factors are present in the development of
malnutrition in cirrhotic. Inadequate oral ingestion
resulting from anorexia, dysgeusia, early satiety,
nauseas and vomits associated with hepatopathy, use of
drugs and their adverse effects2 22520, We should also
consider as contributing factors the poor absorption
and deficient intestinal digestion, which are more
accentuated in patients with bile duct diseases with
cholestasis, for whom steatorrhea is common2,

Malnutrition is a relevant factor when determining
the progress of hepatic disease, as it affects the

storage of nutrients, contributes to hypoalbuminemia
resulting from impaired hepatic synthesis and
intensifies the hydroelectrolytic unbalance determined
by renal alterations, characteristics of this discase
state®2%2%:2% However, it involves difficulties and
controversies regarding the identification of the best
nutritional assessment method considered as gold
standard, that is a low cost, loyal and easy-to-apply
method that does not affect the final result.

Due to these characteristics, which negatively
interfere in the nutritional status of the cirrhotic
patient and which are part of the natural history of the
disease, it Is necessary to identify when malnutrition
begins its course.

This preventive measure applies primarily to patients
on the liver transplant list, who will thus have a better
quality of life until the time of the transplant.

Therefore, the present study has the purpose of
identifying amongst the available methods, of low
cost and easily reproducible, which one offers a safe
and efficient nutritional diagnosis, which will help
the clinical practice and allow an early intervention
in cirrhotic patients.
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METHODS

A prospective cross-sectional study was conducted
between April 2007 and January 2008 with 129 cirrhotic
patients, with diagnosis based on histological evidences,
clinical and laboratorial or imaging diagnosis (presence of
hepatic irregularities due to portal hypertension and hepatic
insufficiency) and evidences of chronic hepatic disease. The
clinical evidences of cirrhosis were defined with the presence
of portal hypertension or hepatic insufficiency.

The study excluded patients with hepatocellular carcinoma,
poor intestinal absorption, acquired immunodeficiency
syndrome, chronic renal insufficiency, use of enteral diet,
neuromuscular alterations in upper limbs, chronic pancreatitis,
chronic diarrhea and psychic and/or cognitive alterations.

The patients with inclusion criteria were classified according
to the disease severity through Child-Pugh score. They were
invited to participate in the study after they agreed with it
and signed the Informed Consent Term, approved by the
ethics committee of the Universidade Federal de Ciéncias
da Satde de Porto Alegre (UFCSPA), RS, Brazil.

Protocol

The clinical, anthropometric, subjective global assessments
was performed through dynamometry and bioelectrical
impedance during a routine doctor’s visit, in the morning
shift, with the same duration and performed by the same
appraiser.

Anthropometry

Weight was measured using a Filizola 100 g resolution
scale and height with a wall-mounted stadiometer. The body
mass index (BMI) was calculated using the formula proposed
by Quetelet“?, BMI = weight/height’; and the parameters
of OMS 1995 were considered for the nutritional state
classification.

The triceps skinfold (TSF) and upper arm circumference
(UAC) were measured using mathematical formulas to calculate
the arm muscle circumference (AMC)"". Measurement of
TSF was measured using a Cescorf skinfold caliper. The
UAC was measured with a graduated, non-retracting, flexible
measuring tape.

Subjective global assessment

The subjective global assessment (SGA) was performed
following the protocol of Detsky et al.?. It analyzed history
data of ponderal loss, reduced daily caloric ingestion,
gastrointestinal symptoms, functional capacity and physical
signs of malnutrition (reduction of subcutaneous tissue and/
or muscular mass, edema, ascites). The patients were classified
as: well nourished A, with moderate malnutrition B and severe
malnutrition C, according to the method scores.

Dynamometry

A mechanical hand grip dynamometer of adjustable
handle was used to assess the hand grip strength (HGS)
(Baseline® Smedley Spring, made in New York, USA). The
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patient sits on a chair without armrest and with the plantar
region on the floor; the appraiser adjusts the dynamometer
handle to place the patient’s hand comfortably, that, during
the test, should be kept far from the body and chair. After the
dynamometer adjustment to the correct position, the patient
compresses the handle with as much strength as possible with
the non-dominant hand.

Three assessments were made, with an interval of more than
30 seconds between them, and the pointer was zeroed after each
attempt. The result of highest value from the three assessments
was utilized as criterion-result, and later the nutritional state was
classified along with the patient’s age and gender, according to
the reference parameter of Alvares da Silva et al.©.

Bioelectrical impedance

For the assessment of nutritional state, Biodynamics,
model 450, Seattle, WA, USA was utilized. The patient
remains in dorsal decubitus position, with hands and legs
parallel to the body. One electrode is placed on the dorsal
hand. at the middle finger level, and one in the wrist joint,
both on the right side. Another pair of electrodes is placed
on the dorsal foot, at the middle toe level, and in the ankle
joint, also on the right side.

The electrical current used in the measurement is 800 A and
50 kHz, which enables to measure resistance and reactance
and obtain the phase angle (PA) value.

The PA derives from two segments of corporal composition,
calculated as follows: PA = tangent arc (Xc¢ /R) x 180/ 3.1416,
proposed by Barbosa-Silva et al.™. The PA result enables to
classify the patient according his/her nutritional state.

The patients were classified according to two reference
parameters: the first is named bioelectrical impedance
analysis (BIA), based on the reference parameters of the
study conducted by Barbosa-Silva et al.®, which validated
cutoff points for the method, according to the age and gender
of a population of inpatients with different diseases from an
American hospital; the second one, BIA cirrhosis, named
by the author of this study, is related to the population of
cirrhotic patients included in this study and presents the value
of 5.44° as cutoff point.

Statistical analysis

A descriptive analysis was performed through mean values
and standard deviation for continuous variables of symmetric
distribution, or median value and interquartile amplitude for
continuous variables of asymmetric distribution, and absolute
and relative frequency for categorical variables.

Chi-square test of McNemar was used in the comparison
of the nutritional state between the techniques.

Kappa coefficient of agreement was used to assess the
agreement between the classifications of BIA.

The assessment of the association between the reference
values of HGS and BIA and severity, disease etiology and
demographic characteristics used the -Student test or the analysis
of variance (ANOVA), one way for continuous variables of
symmetric distribution, and Mann-Whitney or Kruskal-Wallis
test for continuous variables of asymmetric distribution. For
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multiple comparisons, Tukey test (symmetric distribution) or
Mann-Whitney test (asymmetric distribution) was used.
Pearson’s chi-square test was used to assess the association
between the categorical variables.
The significance level of 5% was considered and the
analyses were performed using SPSS (Statistical Package for
the Social Sciences) version 13.0.

Ethical considerations

Secrecy was maintained about the identity and data from
all patients submitted to the assessment protocol (number:
06/135). The study was conducted after the approval of the
Ethics Committee, according to the Declaration of Helsinki
of 1975, revision of 1983.

RESULTS
The sample is composed of 129 patients, mean age of 55

years (z 1.4 years, ranging from 20 to 78 years), 70 (54.3%)
male and 39 (43.7%) female.

TABLE 1. Characterization of the sample constituted of cirrhoric patients

The clinical characteristics of the cirrhotic patients included
in the study are described in Table 1.

The anthropometric evaluation (Table 2) shows that weight,
height and AMC found in the male population are higher than
those found in the female population (P<0.001), but, when
analyzing the TSF, the female population presents higher
values than those of the male population (<0.001). On the
other hand, no difference was observed between the genders
when the parameters of BMI and UAC were analyzed.

In the analysis by subjective global assessment (SGA),
only 20.2% of the analyzed patients were classified as
malnourished, with no statistically significant difference in
the anthropometry, as observed in Figure 1.

In the HGS assessment through dynamometry, new
decreasing values as the age increased were found in male
patients, with a similar tendency observed in the female patients
above 40-49 years old, as described in Table 3.

The male patients of =60 years of age and the female
patients of all ages showed significantly less strength (kg)
when compared to male patients below 50 years of age.

Age group (years)

Total Sample

Characteristics (n = 129) 20-39 40-49 50-59 =60
(n=12) (n = 25) (n = 35) (n=57)
Age (years) — Mean (SD) 55.1(11.4) 31.4(5.81) 45.5 (2.58) 53.8 (2.94) 65.2 (4.35)
Gender —n (%)
Male 70 (54.3) 8(66.7) 15 (60.0) 21 (60.0) 26 (45.6)
Female 59 (45.7) 4(33.3) 10 (40.0) 14 (40.0) 31(54.4)
Child —n (%)
A 91 (70.5) 11 (91.7) 15 (60.0) 23(65.7) 42(73.7)
B 28 (21.7) 1(8.3) 6 (24.0) 7 (20.0) 14 (24.6)
C 10(7.8) 0(0.0) 4(16.0) 5(14.3) 1(1.8)
Etiology — n (%)
Alcohol 33(25.6) 1(8.3) 8(32.0) 9(25.7) 15(26.3)
Virus B 4(3.1) 0(0.0) 1 (4.0) 2(5.7) 1(1.8)
Virus C 56 (43.4) 1(8.3) 11 (44.0) 18 (51.4) 26 (45.6)
Virus B + alcohol 1(0.8) 0 (0.0) 0(0.0) 0(0.0) 1(1.8)
Virus C + alcohol 11 (8.5) 1(8.3) 1 (4.0) 3(8.6) 6(10.5)
Cryptogenic 5(3.9) 2(16.7) 0(0.0) 1(2.9) 2(3.5)
Autoimmune 5(3.9) 2(16.7) 1 (4.0) 129 1(1.8)
Orchers 14(10.9) 5(41.7) 3(12.0) 1(2.9) 5(8.8)
TABLE 2. Descriptive analysis of the anthropomertric data by gender
Gender
. Total sample Male Female
Variables (n = 129) (0 - 70) (0 = 59 P!
Mean (SD) Mean (DP) Mean (DP)
Weight (kg) 74.4(14.9) 78.5(15.6) 69.6 (12.6) 0.001
Height (cm) 164 (9.19) 170 (6.49) 157 (7.00) <0.001
BNU 27.6(5.16) 27.1(4.73) 28.2 (5.61) 0.229
TSE 18.4 (9.24) 14.7 (7.93) 22.8 (8.80) <0.001
UAC 30.4 (4.47) 30.1 (4.43) 30.7 (4.54) 0.478
AMC 24.6 (3.31) 25.4(3.37) 23.5(2.95) 0.001

BMI: body mass index; TSF: tricipital skin fold; UAC: underarm circumference; AMC: arm muscle circumference. 'Value obrained by Student's -test for independent samples

V. 49 - no.l — jan./mar. 2012

Arq Gastroenterol

67



Fernandes SA, Bassani L, Nunes FF, Aydos MED, Alves AV, Marroni CA. Nutritional assessment in patients with cirrhosis

Regarding the gender, both populations presented lower
strength for those above 60 years of age, according to Table 3.

In the HGS method and in the phase angle values, the age
groups of male patients presented decreasing values, which
does not occur with the female patients.

Women and patients of =60 years of age presented a
significantly lower phase angle when compared to men
(P=0.041) and individuals below 50 years of age (P =0.001)
(Table 4).

We observed that only male patients of 260 years of age
and female patients between 50 and 59 years of age presented
a significantly lower phase angle when compared to the other
patients (Table 4).

Figure 1 does not show statistical difference between the
different anthropometric methods, except for the BMI, which
was similar to TSF only.

The SGA detected a significantly higher number of
malnourished patients than the BMI, with the similar result
in the other anthropometric parameters.

The HGS method detected the higher number of
malnourished patients in the studied population, with
significant difference when compared to the other methods
(P =0.001). The percentage of malnourished patients found
with BIA method presents a statistically significant difference
(P=0.001) when compared to the percentages obtained with
the other methods, except for the HGS (P = 0.013), which
detected a higher number of malnourished patients.

Table 5 shows that 129 patients were analyzed through
BIA and 127 through HGS, 2 patients could not be analyzed
through HGS: 1 due to gouty arthritis and 1 for not presenting
the minimum strength to manifest pain when trying to
compress the grip.

TABLE 3. Evaluation through HGS by age and gender
80
% of nutritional risk of malnutrition 6 3d Age Cirrhotic men Cirrhotic women
4 7.
70 group Mean (SD) 25D Mean(SD)  -25D
601 20-39 41.4(10.2) 21.0 19.8 (4.5) 10.8
504 4049 33.3(11.2) 10.9 22.2(9.08) 4,04
401 50-59 30.3 (7.53) 15.2 16.0(7.27) 1.46
304 =60 27.6(11.2) 3.2 15.8 (8.34) 0.00
204
10 TABLE 4. Evaluation through phase angle by age group and gender
0 Age Cirrhotic men Cirrhotic women
BMI  TSF AMC UAC SGA BIA HGS group  Mean(SD)  -2SD  Mean(SD)  -2SD
Diagnostic Methods 2039 840262 316 657(113) 43l
BMI = body mass index; TSF = tricipital skin fold; AMC = arm muscle circumference; P ”
UAC = underarm circumference; SGA = subjective global assessment; BIA = bioelectrical 40-49 6.35 (1.17) =0 7.39(4.32) o0
impedance analysis; HGS = hand grip strength. 50-59 6.52 (204) 2.44 5.47 (162) 223
a, b, ¢, d Equal letters do not differ through McNemar chi-square test
- 260 5.63 (1.11) 3.41 7.18 (4.73) 0.00
FIGURE 1. Evaluation of the percentage of malnourished individuals
according to different methods of nutritional assessment
TABLE 5. Association of the disease etiology with malnutrition assessed through HGS and BIA
HGS (127) BIA (129)
Feiol Malnourished Nourished Malnourished Nourished
—_—
o8y (n = 88;69.3%) (n = 39; 30.7%) (n = 44; 34.1%) (n = 85;65.9%)
n (%) n (%) n (%) n (%)
Virus C 42 (47.7) 13(33.3) 22 (50.0) 34 (40.0)
Alcohol 21(23.9) 12 (30.8) 7(15.9) 26 (30.6)
Others 11(12.5) 2(5.1) 7(15.9) 7(8.2)
Virus C + alcohol 7(8.0) 4(10.3) 5(11.4) 6(7.1)
Cryptogenic 3(3.4) 2(5.1) 1:(2:3) 4(4.7)
Autoimmune 3(3.4) 2061 1.(2.3) 4 (4.7)
Virus B 1(1.1) 3(7.7) 0(0.0) 4(4.7)
Virus B + alcohol 0(0.0) 1(2.6) 1(2.3) 0(0.0)

HGS = hand grip strength;
BIA = bielectrical impedance analysis

22 Arg Gastroenterol

v. 49— no.d — jan.fmar. 2012

68



Fernandes SA, Bassani L, Nunes FF, Aydos MED, Alves AV, Marroni CA. Nutritional assessment in patients with cirrhosis

Table 5 also shows that the number of malnourished patients
evaluated through HGS is proportional to the number of
malnourished patients evaluated through BIA, and that the
percentage of malnourished patients through HGS is similar
to the percentage of malnourished patients through BIA.

The highest prevalence related to the cirrhosis etiology
in malnourished patients, according to HGS and BIA, is
virus C, whose indexes are 42 (47.7%) patients through
HGS and 22 (50%) through BIA. The second cause verified
was alcohol, with 21(23.9%) through HGS and only seven
(15.9%) through BIA.

Through phase angle of BIA, a significant association with
Child-Pugh (P = 0.008) was observed. The patients classified
as Child-Pugh C presented significantly lower phase angle than
those classified as Child-Pugh A and B. For this reason, the
patients clinically sorted as A and B were grouped (Table 6).

Besides Child-Pugh, a significant association was observed
between phase angle, age group, and gender. HGS did not
present significant relation with Child-Pugh, keeping the
relation with age group and gender, as already established
as a reference parameter.

Figure 2 shows the analysis and association between
HGS and BIA methods, which presented a higher number
of malnourished patients, with the disease classification of
Child-Pugh A, B and C. The analysis showed that BIA is
the method that presents a statistically significant relation
between Child-Pugh C and malnutrition.

Figure 3 shows that the ROC curve, generated to determine
the best cutoff point of the phase angle of cirrhotic patients,
serving as one of the reference parameters for the nutritional
assessment with BIA in this study. considering the Child-
Pugh classification as the reference standard for the clinical
conditions of patients with cirrhosis.

Was used the ROC curve to identify the cutoff point for
malnutrition through the phase angle. Then, the patients

presenting values below 5.44° were classified as malnourished and
the patients with 5.44° or more were classified as nourished.

Asillustrated in Figure 3, sensitivity and specificity were
compared using BIA and HGS, with values of 68.9%-70.0%
and 49.2%-56%, respectively.

The comparison between the values found of patients
classified as malnourished, using the two denominations of
BIA, i.e., malnourished through BIA, denomination from
the reference parameters of Barbosa-Silva et al.®, and BIA
Cirrhosis, named by the author of this study, showed the
agreement of 80.6% of the cases, as illustrated in Figure 4,
which is statistically significant (Kappa = 0.566, P<0.001).

Figure 4 illustrates the agreement of 70.5% of the
malnutrition cases using the two reference parameters: BIA

Diagnostic Methods

y 93.2

% of malnourished

BIA HGS

FIGURE 2. Association between the methods of nutritional assessment
and Child-Pugh BIA = bicelectrical impedance analysis; HGS = hand
grip strength; HGS: P = 1.000; BIA: P = 0.031

TABLE 6. Association between the values measured through HGS and phase angle with gender, age group, and Child-Pugh of the patients

Variables ) HGS Phase Angle
Mean (SD) P Median (p25-p75) P
Gender —n (%)
Male 70 31.2(10.8) <0.001" 6.21 (5.61-6.89) 0.041°
Female 59 17.2 (8.19) 5.45 (4.97-6.65)
Age Group —n (%)
20-39 12 34.2 (13.6) 0.001* 7.29 (6.52-8.11) 0.001*
4049 24 29.1(11.6F 6.59 (5.54-7.09)°
50 -59 35 24.6 (10.2y* 5.96 (4.97-6.69)*
260 56 21.3(11.3) 5.62 (4.95-6.35)
Child —n (%)
A 91 247 (11.2) 0.510° 6.03 (5.34-6.81y 0.008*
B 27 26.6(14.3) 5.78 (5.19-6.96)°
C 9 213 (1L7) 432 (3.72-5.82)°

HGS = hand grip strength

' Student’s -test for independent samples;
* Analysis of vaniance (ANOVA), one-way;
* Mann-Whitney test;

* Kruskal-Wallis test;

ab,c Equal letters do not differ through Tukey's (parametric) test or Mann-Whitney (non-parametric) test
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FIGURE 3. Receiver operator characteristic (ROC) curve to determine
the cutoff point for malnutrition for the phase angle and HGS considering
Child-Pugh divided into group 1 = A or B and group 2 = C, as reference
standard for the clinical state of cirrhosis.

-
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FIGURE 4. Agreement between BIA and BIA cirrhosis

and BIA Cirrhosis, which disagree in only 29.5% of the
cases. The study found equivalence of 85.9% of the cases
of nourished patients, with disagreement of 14.1%.

DISCUSSION

This study was conducted at an outpatient clinic, with
most patients clinically classified as Child-Pugh A and B;

24 Arq Gastroenterol

the small group classified as Child-Pugh C might affect
data accuracy. Another limitation of this study was the
failure to include a control group.

The malnutrition percentages of 11.6% obtained
through TSF and 13.2% through AMC disagree with the
percentages of Abbott et al. ™ and Alberino et al.®), which
show 54% of malnourished patients when combining the
two methods, and of Merli et al.?”, which suggest AMC
as an indicator of severe malnutrition in patients in the
end stage of cirrhosis. The prevalence of overweight was
identified in the studied population, when analyzing
the BMI, which may present a strong relation with the
clinical conditions of the patient, due to water retention
and ascites.

Through SGA, 20.2% of the patients in this study
were classified as malnourished; in the study conducted
by Gottschall et al." with a similar population, the index
achieved 38%. SGA presents sensitivity of 22% in patients
with cirrhosis and underestimates the nutritional state
of this population in 57%, with overestimation of 6%,
Paradoxically, some studies suggest that the benefits of
SGA for the nutritional state progress of candidates for
kidney transplantation, while other studies showed that
SGA detects malnutrition in only 25% of the cases(* 16303,
However, it should be noted that SGA is an instrument
composed of quantitative and qualitative variables, subject
to varied interpretations, as it is a partially subjective
method.

In agreement with the literature, the method that
presented the highest proportion of malnourished patients
was HGS, with 69.3% of the cases. Alvares-da-Silva
et al.® observe that the method presents the capacity to
detect 100% of the malnutrition cases and, according to
Norman et al.®Y, identifies the nutritional risk before the
serious state of malnutrition. In the evaluation of cirrhotic
patients hospitalized, HGS presents the best relation with
the nutritional state progress of the cirrhotic patient,
as in the study, 89% of the malnourished patients were
classified as Child-Pugh B and C®,

This study demonstrated that HGS does not present
statistically significant relation with the Child-Pugh
classification, described here as a parameter for the
clinical condition of the patient with chronic hepatic
disease. Knowing that patients classified as Child C are
malnourished by definition®, the study observed the highest
percentage of malnourished patients (93.2%), classified
through HGS as Child A and B, and only 6.8% as Child
C, reinforcing the non-relation with Child-Pugh.

The study used the reference parameters for HGS, validated
by Alvares-da-Silva et al.®), with healthy individuals. A
discrepancy was observed when comparing it to the values
found in the population of cirrhotic patients, a factor that
might have contributed to overestimated proportion of
cirrhotic patients.

Regarding the utilization of BIA, a study with cirrhotic
patients, divided into patients with and without ascites,
Pirlich et al.®% report that this is not the clinical sign of
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greatest negative impact for the corporal composition
determination. The authors suggest that specific values
and equations to cirrhotic patients should be created as
a reference parameter for the utilization of bioelectrical
impedance assessment.

Lee and Gallagher® compare BIA to other high-cost
methods, such as bone densitometry, computed tomography
and magnetic resonance, in an attempt to identify a
low-cost effective method to assess the human corporal
composition. This study concludes that BIA presents poor
accuracy in individual or group assessments, but effective
for a specific population, i.e.. individuals without corporal
alterations. Lehnert et al.®” suggest the use of this method
in a serial form, identifying and following the cirrhotic
patient’s nutritional state evolution.

The meta-analysis of Kyle et al. 171 describes that
BIA is not an adequate method to patients that present
many alterations in the corporal geometric composition,
illustrating it with individuals with ascites. The same
meta-analysis suggests the use of BIA in a segmental
form. Another hypothesis studied is the indication of
BIA for nutritional assessment, using the phase angle
as a reference value for the method and analyzing the
cellularity of the individual impacted by the disease.
Schwenk et al.®® suggest the phase angle as a global
marker for malnourished individuals infected with HIV
and discuss that the phase angle reflects the integrity and
vitality of the cell membrane.

Gupta et al.?® demonstrate that the phase angle is
more powerful indicator of survival than the traditional
parameters of nutritional assessment, presenting a cutoff
point for phase angle of 5.0°, for patients with pancreatic
cancer.

Studies demonstrated the correlation of the phase
angle as a good prognostic indicator in severe clinical
situations®9. Another study that also evaluated patients
with chronic hepatic diseases, presented the cutofT point of
5.4° for the phase angle®. Coincidently, our study found a
similar cutoff point of 5.44° to characterize malnutrition.

Norman et al.®" describe in their study of BIA
evaluation in nutritional diagnosis, the phase angle as a
poor indicator of survival.

BIA. through the phase angle, was the only method
that presented a statistically significant relation with
Child-Pugh. However, due to the limitation of this study
in terms of low number of patients sorted as Child-Pugh
C and age group of 20-39 years, it was not possible to
validate a specific reference parameter for this population,
dividing them by age, gender and Child-Pugh.

However, this limitation does not invalidate our
findings with regard to the values of phase angle and to the

v. 49 —no. 1 — jan./mar. 2012

agreement with the patient’s clinical condition by Child-
Pugh score. We show this agreement through the results of
phase angle, by obtaining the same cutoff point as studies
by L. Scheunemann et al.®*” and Wagner et al.“), Given
this fact, the phase angle is a strong prognostic marker
regardless of the pathology, since this method evaluates
cell capacitance, i.e., the integrity and functionality of
the individual’s cell, unlike other methods routinely
used for nutritional diagnosis, which are usually based
on the patient’s body weight. In our case, this parameter
Is error-prone,

Based on such data, the total 34.1% of malnourished
patients were found through BIA. The study conducted by
Barbosa-Silva et al." was used as the reference parameter,
which validates the reference values for the phase angle,
for the population of patients from an American hospital,
dividing them by age and gender. These results agree with
the findings of our study, classifying malnutrition in 33.3%
of the sample through BIA cirrhosis, using the phase
angle of 5.44°, with agreement of 80.6% between them.

Although no gold standard is said to exist for the
assessment of the nutritional state of cirrhotic patients, we
suggest future studies using BIA, as it showed a low margin
of error, when compared to the other methods. BIA was the
only method to present a significant relation with Child-Pugh,
age group and gender for chronic hepatic diseases.

Figueiredo et al.!"” suggest that the four-compartment
model of assessment, provided by a CT scan, might be
sensitive in detecting malnutrition even in early stages
of the disease. However, this method is costly and of
low reproducibility for assessing the nutritional status
of patients and, therefore, it was not used in our research,
as it did not fulfill one of the purposes of the study.

CONCLUSIONS

The assessment of the nutritional status of cirrhotic
patients and the comparison with different methods show
marked discrepancies, with the percentage of malnourished
patients ranging from 5.4% to 68.2%.

HGS and BIA showed a very high variation,
with malnutrition percentages of 68.2% to 34.1%,
respectively.

In the comparison to Child-Pugh score, BIA was the
only method that showed to be statistically significant.

The identification of the phase angle of 5.44° is the new
parameter suggested for the classification of the nutritional
state of the cirrhotic patient, which can be named BIA
Cirrhosis. However, more studies are needed to confirm
these data, particularly expanding the number of cases
of patients rated as Child-Pugh C.
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Fernandes SA, Bassani L. Nunes FF, Aydos MED, Alves AV, Marroni CA. Avaliagio nutricional de pacientes cirroticos. Arq Gastroenterol. 2012:49(1):19-27.
RESUMO - Contexto - A desnutrigio em pacientes cirrdticos com doenga em estagio final é comum, e o grau de debilitagao nutricional pode desempenhar

papel importante na patogénese de complicagdes e causar impacto negativo no prognostico. No entanto, envolve dificuldades e controvérsias

sobre a identificagio do melhor método de avaliagdo nutricional. Objetive - Identificar um método que ofereca diagnéstico nutricional seguro e

eficiente. Métodos - Estudo transversal avaliou 129 pacientes com cirrose hepatica. Foram realizadas medidas antropométricas, avaliagao subjetiva

global, dinamometria e bioimpedancia elétrica. Resultados - Através do angulo de fase do método BIA, associagdes significativas com Child-Pugh

(P =0,008), faixa etaria e sexo foram observadas. A curva ROC (receiver operator characteristic) foi realizada para determinar o melhor ponto de

corte do angulo de fase de pacientes cirréticos, servindo como um dos pardmetros de referéncia para a avaliagio nutricional com bioimpedancia neste

estudo, considerando a classificagio por pontuagio Child-Pugh como o padrao de referéncia para as condigdes clinicas dos pacientes com cirrose.

Conclusaes - A avaliagdo por meio de bioimpedancia elétrica apresentou correlagio estatisticamente significativa com o escore de Child-Pugh. A

identificagio do dngulo de fase de 5,44° ¢ 0 novo parametro sugerido para a classificagio do estado nutricional de pacientes cirroticos.
DESCRITORES - Cirrose hepatica. Impedancia elétrica. Desnutrigio. Avaliagio nutricional.
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Abstract

below -1.65. The significance level was set at 5%.

Background & Aim: The phase angle value, obtained by bioelectrical impedance analysis, is an important
prognostic indicator in several clinical conditions. This study aimed o compare the performance of the standardized
phase angle with that of Child-Pugh score, a well-known prognostic indicator of chronic liver disease.

Methods: A cross-sectional study was conducted with cirhotic patients. Bicelectrical impedance analysis was
performed, and the standardized phase angle was calculated. Low standardized phase angle was defined as a value

Results: Of 195 participants, 59% were male. Mean age was 55.9 + 10.8 years; 59% of patients were classified
as Child-Pugh class A, 22.6% as class B, and 18.5% as class C. The Phase Angle average was 5.79 (£1, 20) with
z score average -0.75 (t1, 61). 76.4% of the population studied showed Phase Angle indicative of good prognosis.

Conclusions: The standardized phase angfe was correlated with the Child-Pugh score and can therefore be
considered a reliable prognostic indicator of nutnitional status in cirrhotic patients.

Ke}’words: Liver cirrhosis; Nutritional assessment; Bioelectrical
impedance; Phase angle

Abbreviations: BIA: Bioelectrical Impedance Analysis; PA: Phase
Angle; PCM: Protein-Calorie Malnutrition; SPA: Standardized Phase
Angle; HEP: High Blood Pressure; T1D: Type 1 Diabetes; T2D: Type
2 Diabetes

Introduction

Protein-Calorie Malnutrition (PCM) is a frequent complication
in cirrhotic patients, with a prevalence ranging from 25 to 80%,
depending on the method used [1,2]. PCM is characterized by changes
in cell membrane integrity and alterations in fluid balance [3] and it
results in higher prevalence of morbidity and mortality [1.4,5].

The assessment of nutritional status of cirrhotic patients is quite
complex when body conditions such as edema of the limbs and ascites
are present. The phase angle (PA), which has helped a lot in this matter
of body asymmetry which can be determined by the bioelectrical
impedance analysis (BIA) has proven to be an effective, safe, fast and
Inexpensive method to assess the prognosis of these patients [6]. The
PA contains is based two parameters Resistance (R) and Reactance
(Xc). Resistance, which is the opposition of the body to the flow of
an electrical current, is inversely related to the presence of water
and electrolytes in the body. Resistance is related to the capacitance
properties of the cell membranes and varies with their integrity,
function and composition [7]. Phase Angle, which is an indicator of
cell membrane integrity, is calculated from Resistance and Reactance
expressed In degrees [6,8]; PA values range from 3 to 15° [9]. Low
Phase Angle values are indicative of impaired cell membrane Integrity
or death, whereas high values are indicative of intact cell membranes
[10].

Studies have shown that PA Isa good prognostic indicator in several
clinical situations [11-16]. Different cut-off values are used based on
reference values for age and gender. Standardized PA (SPA) values
exist for the Swiss, German, American and Brazilian populations. The
SPA can be used to compare results among different populations and

to correlate an SPA with a particular disease, as reported by Barbosa-
Silva etal. [17] in 2008 with the Brazilian population. The results ofthis
study allow us to use the SPA values as parameters for other several
diseases.

The objective of this study is to compare the performance of the
SPA with that of the Child-Pugh score, etiology of the disease and co
morbidities which is a well-known prognostic indicator of chronic liver
disease.

Materials and Methods

A cross-sectional study was performed with patients who were
diagnosed with cirrhosis after clinical and/or histological tests. All
patients were adults over 18 years who met the inclusion criteria were
classified based on disease severity by the Child-Pugh score (albumin,
prothrombin time, ascites, bilirubin encephalopathy). The patients
enrolled were treated at the ambulatory service and hospitalized. The
study was approved by the Research Ethics Committee of Universidade
Federal de Ciénclas da Saade de Porto Alegre, Brazil, and was
conducted in accordance with the provisions of the Declaration of
Helsinki. Written informed consent was obtained from all participants.

Resistance and Reactance was obtained using a bloimpedance
device (Biodynamics, model 450, Seattle, WA) with an electrical
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current of 800 A and 50 kHz. The Resistance and Reactance values were
used to calculate PA. Patients were evaluated under standard position
and conditions. PA was calculated using the following equation 3:

PA = arctan(Xe / R) % (180/ 1)

The SPA was estimated from the reference values for the Brazilian
population, according to the equation: subtracting the reference
PA value according to sex and age from the observed PA and then,
dividing the result by the respective age and sex reference standard
deviation SPA=PA-PA_/s.d. . A SPA cutoff value of -1.65 was chosen
to classify the patients in two groups: low PA or not. This should be
understood in the same way as Z score (as used for weight and height in
children). The SPA cutoff values of -1.65 stands for the fifth percentile
of normal population, therefore, it can be considered as the lower limit
accepted in a healthier population. Comparisons among groups with
different mean ages and sex distribution can be done using the same
SPA cutoff (-1.65), as SPA was obtained from an already adjusted age
and sex reference values.

Statistical analysis

The results were expressed as the mean and standard deviation.
ANOVA and the Tukey test were used to compare the SPA values and
disease severity (classified by the Child-Pugh score). Pearson’s chi-
squared test was applied to evaluate the association between the SPA
and the Child-Pugh score, sex, etiology, co morbidities and ascites. The
t-student test was used to compare averages of age between subjects
with good and poor prognosis. The variables which have a p-value
<0.20 in the bivariate analysis were entered into a Multiple Poisson
Regression model to evaluate factors independently associated with
poor prognosis. The significance level was set at 5%. All analyses were
performed using SPSS version 18.0.

Results

In the total population of 195 cirrhotic allocated for this study, 59%
were male with a mean age of 54.5 (+ 10.6), females had a mean age
of 57.9 (+ 10.9). The prevalent etiology in the population studied is C
virus (79%), where 62% are women. The second prevalence etiology is
alcohol (25.1%), with the prevalence of 93.9% of men. The observed
distribution according to the severity of disease was 59% Child-Pugh
A, 22.6% B and 18.5 C. All characteristics of the sample are presented
in table 1. Regarding the selected comorbidities, 52% of the population
has High Blood Pressure (HEP). Only 1% of the sample diagnosed with
Type 1 Diabetes (T1D). Moreover, 54% of patients had Type 2 Diabetes
(T2D). With decomposition of disease and changes in body symmetry
67% of the patients evaluated had ascites.

As we observed in table 2 among all variables analyzed, the only
ones that showed a statistically significant relationship with prognosis
was gender, disease classification (Child Pugh), HEP and ascites.

The factors that remained associated with poor prognosis after
adjustment by Multiple Poisson Regression model were gender, Child-
Pugh and ascites. Men had a 71% higher prevalence of poor prognosis
when compared with women (PR=1.71, 95% CL: 1.01-2.88, p=0.044).
Concerning the Child Pugh score, patients rated B had 1.3 times
higher prevalence compared with Child-Pugh A, not being significant.
However, patients with Child Pugh C had a 2.6 times higher prevalence
of poor prognosis compared with patients with Child-Pugh A (PR=2.60,
95% CL: 1:32 to 5:11, p=0.006). Patients with ascites had a prevalence
2.16 times more chances of having a poor prognosis (PR=2.16, 95% CL:
1:14 to 4:12, p=0.019), all independently associated with the outcome
(Table 3).

According to the isolated analysis of phase angle (Table 4) we
observed that 46% of cirrhotic patients have poor prognosis indicator,
not belonging mostly to averages of Resistance, reactance and PA
Z-SCOTe.

As we observed in figure 1, there was difference in PA z score
according to severity of cirrhosis (p<0.001), and the Child C had
significantly lower values than those of Child A and B, which did not
differ significantly. For the difference identified between Child Pugh A,

Characteristics n=195 (%)
Age (years) - Mean = 5D 559108
Gender
Male 115 (53.0)
Female a0 (41.0)
Etiology
B \irus 5(2.86)
C Virus 79 (40.5)
Alcohol 49 (25.1)
B Virus + Alcohal 1(0.5)
C Virus + Alcohol 23(11.8)
Autoimmune B(4.1)
Cholestatic 1(0.5)
Cryptogenic 10 (5.1)
Others 19(9.7)
Child-Pugh classification
A 115 {59.0)
B 44 (22.6)
36 (18.5)
HBP 52 (26.7)
TID 1(0.5)
T2D 54 (27.7)
Ascites. 67 (34.5)

Table 1: Sample Characterization.

Characteristics Poor Prognosis | Good Prognosis P
Age (years) - Mean £ SD 55381 560116 0.649
Gender — n (%) 0.029
Male 34 (73.9) B1(54.4)
Female 12 (26.1) 68 (45.6)
Etiology — n (%) 0.357
B Virug 1{2.2) 4027)
C Virus 21 {45.7) 55 (38.9)
Alcohol 5 (19.6) 40 (26.8)
B Virus + Alcohol 123 0{0.0)
€ Wirus + Alcohol 6 (12.0) 17{11.4)
Autoimmune 0 (D.0) 8(5.4)
Cholestatic 0(0.0) 14{0.7)
Cryptogenic 4 (B.7) 6 {4.0)
Cthes 4 (B.7) 15(10.1)
Child-Pugh classification — n (%) =0.001
A 15 (32.68) 100 {67.1)
B 9 (19.6) 35(23.5)
c 72 (47 8) 14 (9.4)
HBP — n (%) 7 (15.6) 45 (30.4) 0.076
T1D - n (%) 0 (D.0} 1{0.7) 1.000
T2D - n (%) 14 (31.1) 40 (26.8) 0712
Ascites - n (%) 29 (64.4) 38 (25.5) =0.001

Table 2: Varables associated with a poor prognosis.
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B and C in relation to poor prognosis the power is estimated at 99.5%.
Discussion

There is a progressive increase in cases of cirrhosis with the
majority being diagnosed late and this involves complications, one of
which is the protein calorie malnutrition. Until now there was not an
instrument capable of attach nutritional conditions to the standard
score Child-Pugh clinic classification of cirrhotic, offering a prognostic
overview of survival. D’Amico et al. [18] in 2006 in the review of 118
studies of survival of cirrhotic patients found that the greater validity
score in clinical classification of liver disease is the Child-Pugh.

Alberino et al. [19] show that malnutrition can be directly related
to poorer survival of patients with cirrhosis and its correction is a
strong indicator of improvement in quality of life, especially those
who are on the waiting list for liver transplantation. Early detection
of malnutrition of cirrhotic is an aspect of great clinical relevance and
interferes positively in patient recovery [7,20].

Characteristics PR {CF 95%) P
Males 1.71(1.01-2.88) 0.044
HBP 0.74 (0.37-1.48) 0:392

Child Pugh
A 1.00
B 1.230 (0.64-2.65) 0.474
{1+ 2.60 (1.32-5.11) 0.008
Ascites 216 (1.144.12) 0.018

PR=Praevalence Ratio; CF 95%=95% of confidence level

Table 3: Multiple Poisson Regression for evaluating factors associated with a poor
prognoss,

Characteristics n=195, Mean + 5D
Resistance 50482967
Reactance 510129

Ba 579 +1.20
PA z-score 075+ 161
PA Classification - n (%)
Poor Prognosis 46 (23.6)
Good Prognosis 149 (T6.4)

Table 4: Phase Angle and prognosis.
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Figure 1: Association of PA z-score with CHILD PUGH.

Faced with this information is that we aimed the study and we
corroborate with several findings in the literature. The sample analyzed
in this study showed a predominance of males which is in agreement
with findings in the literature [21,22]. The etiology of cirrhosis
was predominantly in patients with C virus hepatitis, followed by
alcohol, demonstrating that the poor prognosis is not directly related
to nutritional status caused the alcohol, but it is a characteristic of
cirrhotic “per se”.

With the Phase Angle (PA) by bioelectrical impedance, it becomes
possible to measure integrity of membranes, Selberg and Selberg [6]
using PA in a population of hospitalized cirrhotics demonstrated that
those who were below the PA 5.4° should be considered at nutritional
risk, correlating with disease severity by Child Pugh score.

Fernandes et al. [23], showed that of the different methods analyzed
for nutritional assessment in cirrhotic the only one nutritional change
that correlated with disease classification by Child Pugh score was the
PA by electrical bioimpedance with the finding of PA 5.4° reinforcing
the data found by Selberg and Selberg in 2002 [6].

In a study with cirthotic patients, divided into patients with
and without ascites, Pirlich et al. [24] reported that ascites is not
a clinical sign of greater negative impact on the determination of
body composition. The authors also suggest that values and specific
equations for cirrhotic patients should be created as a benchmark for
evaluation use with bioelectrical impedance.

Corroborating with the findings of this study, where we observed
that ascites is not a limitation for realization of bioelectrical impedance.
Furthermore, this study showed that ascites is an isolated indicator
of poer prognosis, being linked to worsening of clinical status and
depletion of lean body mass and protein reserves with significant
metabolic alteration, ranking cirrhotic as sarcopenic. In the present
study, not only ascites is showing up as a single indicator of poor
prognosis, but the male gender also, not being described comparative
data for this finding in the literature until now.

Not only cirrhotic patients are those that present changes in the
distribution of extracellular and intracellular fluids, but patients with
renal or heart failure or chronic obstructive pulmonary disease or
obese patients also have body asymmetry [14,25-27].

Thus, it is difficult to describe the real nutritional status of these
populations, Norman et al. [28] in their publication of 2012 reinforce
that the value of the phase angle, being a variable cellular integrity,
is not linked to algorithmic equations, which may suffer errors by
alterations of hydro electrolytic disorders, as happens with other
parameters offered by bioimpedance device. The PA can be used to
measure metabolic disorders in any kind of disease and be used as a
prognostic marker associated with specific markers in clinical practice.

As an example of such use, Schwenk et al. [12] suggest that PA can
be used as a prognostic indicator in several diseases, after evaluating
HIV-infected patients, identifying early changes in the body through
the PA.

Similarly, Gupta et al. [14] showed that PA is a strong predictor
of survival in patients with advanced pancreatic cancer, comparing
the method with the traditional parameters of nutritional assessment,
such as albumin, prealbumin and transferrin. 5till in oncology, a recent
study by Paiva et al. [29] evaluated survival rates among cancer patients
submitted to chemotherapy, and reinforces the assessment of PA as an
excellent prognostic marker.
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In conclusion, this study reinforces the association of PA with
Child-Pugh score as a strong prognostic indicator. The findings of this
study call attention to future studies in the area of survival in order to
identify predictors of poor prognosis of cirrhosis.
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Abstract

Introduction: The inherent complications of cirrhosis include protein-calorie malnutrition
(PCM) and micronutrient deficiencies. The phase angle (PA), measured via bioelectrical
impedance analysis, has promise for associating the nutritional status with the cellular damage
caused by the disease. Changes in taste are detrimental to the nutritional status. Objectives:
This study aimed to evaluate the association between the effects of PCM and cell deficiencies
and alterations in gustatory papillae structure in CCls-induced cirrhotic animals. Methods:
Fourteen male Wistar rats, two groups. After 16 weeks, the liver was removed to
histologically diagnose cirrhosis, and blood was collected to perform liver integrity tests. The
tongue was removed for histological examination and immunohistochemistry using antibodies
against protein gene product PGP 9.5 and the sweet taste receptors TIR2 and TIR3.
Morphological changes were determined by scanning electron microscopy (SEM). Serum zinc
levels were measured, and the (PA) was measured. Results: The cirrhotic animals, but not the
control animals, exhibited zinc deficiency. The PA in the cirrhotic animals there was a
decrease between the two time points (1 and 2). In both groups, there was positive
immunoreactivity for type II and III cells and T1R2 receptors. The cirrhotic animals had no
immunoreactivity for TIR3 receptors. SEM analysis of the cirrhotic group revealed a uniform
tapering of the gustatory papillae. Conclusion: The experimental cirrhosis model mimicked
the biochemical and histological parameters of human cirrhosis, therefore enabling a study of
the gustatory papillae and taste buds and an assessment of cell functionality, PCM and zinc
deficiency.

Keywords: Cirrhosis, gustatory papillae, malnutrition, zinc, phase angle.

Introduction

Cirrhosis is the most advanced stage of fibrosis and is associated with the emergence
of fibrotic septa and nodules, changes in hepatic blood flow and the risk of liver failure. The
hepatocyte dysfunction that results from hepatic disorder causes portal hypertension, which
leads to the characteristic clinical manifestations of cirrhosis that affect the liver as well as

other organ systems'' ™.

One of the inherent complications of cirrhosis is protein-calorie malnutrition (PCM),
or hepatic cachexia. PCM is the loss of lean and fat mass in conjunction with metabolic
alterations that compromise vital functions. The predominance of PCM in cirrhotic patients,
regardless of aetiology, ranges from 20% to 60% in patients with compensated cirrhosis and

can reach 100% in candidates for orthotopic liver transplantation ¢,
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Thus far, there are no efficient, reliable or reproducible methods to assess the
degree of liver involvement and to correlate it with the clinical and nutritional condition
of a patient. The desired method should include parameters that identify metabolic
changes and simultaneously evaluate the common characteristics of this disease, such as
oedema and ascites, that cause body asymmetry @ '%.

Bioelectrical impedance analysis (BIA) is a tool that utilises the phase angle (PA)
to assist in evaluating the progress of liver cirrhosis in a practical way that meets the
clinical requirements by reporting on body and cell structure, even in cases of body
asymmetry. The PA enables the determination of cellular structure and function, thus
indirectly improving the efficacy of nutritional interventions %,

Cirrhotic patients may present with several nutritional deficiencies, including zinc
deficiency; zinc participates in homeostasis and the formation of protein structures. Because
of its anti-inflammatory, anti-apoptotic and anti-oxidant properties, zinc inhibits cirrhosis-
related fibrosis by controlling the function of hepatic stellate cells. Zinc deficiency, which is
commonly observed in cirrhotic patients, may promote and/or potentiate malnutrition,
dysgeusia, hypoalbuminemia, a portosystemic shunt and an imbalance in hepatic zinc
extraction ¥,

The human tongue is covered with gustatory papillae that have specific functions
(taste receptors and signalling). Via papillae, we can differentiate the sweet, bitter, sour, salty
and umami flavours. Papillae can be circumvallate, fungiform, filiform or foliate, and they are
all distributed on the back of the tongue “'?. In humans, changes in taste (dysgeusia) may
exacerbate PCM related to cirrhosis 7.

It is possible to detect changes in tongue structure that may indicate the
pathophysiological process of dysgeusia. There are four types of cells (I, II, Il and IV) in the
gustatory papillae. These cells, especially types II and III, are responsible for the transduction
of the taste signal to the brain (%2

To differentiate the types of taste (bitter, sweet and umami), receptors are also present
in the gustatory papillae (except for filiform papillae [FiP]) that enable the identification of
changes in taste perception "2,

The T1R family of hetero-oligomeric taste receptors comprises three specific G
protein-coupled receptors, TIR1, TIR2 and T1R3, that have distinct expression patterns. By
studying these receptors, potential alterations in taste perception can be identified .

To date, there have been no morphological and/or histological analyses of the tongues

of cirrhotic patients, despite dysgeusia being a common complaint of these patients. Carbon
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tetrachloride (CCly) is a hepatotoxic drug that is widely used in experimental studies of
hepatic cirrhosis because its effects mimic human cirrhosis .

In this study, we hypothesised that morphological and/or histological alterations
occurred in the gustatory papillae of cirrhotic patients. However, performing tongue biopsies
of cirrhotic and control patients was not feasible; therefore, we analysed the tongues of
cirrhotic rats, which exhibited morphological and histological structures similar to the human
tongue.

In this study, we aimed to correlate the changes related to PCM and cellular

deficiencies with the alteration of the gustatory papillae structure in CCly-induced cirrhotic

animals.

Methods

Fourteen male Wistar rats weighing between 200 and 250 g from the State Foundation
for the Production and Health Research (Fundag¢do Estadual de Produgdo e Pesquisa em
Saude - FEPPS) were utilised. During the experiment, the animals were housed in the Animal
Experimentation Unit of the Research Centre at the Teaching Hospital of Porto Alegre
(Hospital de Clinicas de Porto Alegre - HCPA) in a 12-hour light/dark cycle (light from 7:00

to 19:00) and at a temperature of 22 + 2°C. The animals were randomly divided into two

experimental groups: control (CO) and cirrhotic (CCly). Both groups had controlled access to
food, and phenobarbital (enzyme inducer) was added to the water (0.3 g/dL) to potentiate the
CCly effect “Y. The control group (CO) received 0.5 mL of mineral oil intraperitoneally (i.p.),
and the CCly group received CCly (0.5 mL/kg i.p.) diluted in mineral oil at a 1:6 ratio. The
drugs were administered on the following schedule: 10 doses at 5 day intervals, 10 doses at 4
day intervals and 7 doses at 3 day intervals. The animals were sacrificed 2 days after the last
CCly dose, at the end of week 16 @5

All the procedures were performed according to the guidelines recommended by the
Research Ethics Committee of HCPA, and the animal care followed the recommendations of
the Principles of Laboratory Animal Care formulated by the National Society for Medical
Research and the Guide for the Care and Use of Laboratory Animals published by the
National Institutes of Health ®®. After 27 doses, the animals were anesthetised with an L.p.
injection of xylazine (50 mg/kg) and ketamine (100 mg/kg). Blood samples were collected via

the retro-orbital plexus to analyse the liver function @7,
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After sacrifice, the abdominal region was shaved, and a midline laparotomy was

performed to collect the liver and the tongue of the animals.

Serum biochemical analysis

Blood samples obtained from the retro-orbital plexus were utilised to evaluate serum
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase
(ALP) levels, which were expressed in U/L and measured using routine laboratory methods at

HCPA.

Bioelectrical impedance analysis

To measure total body resistance (R) and total body reactance (Xc), a phase-sensitive
tetrapolar impedance analyser (Biodynamics BIA 450E) was utilised with hypodermic
needles as electrodes. The rats were anesthetised and placed in a prone position on a non-
conductive surface to eliminate interference from the electrical induction. On the midline,
source electrode 1 was placed at the anterior edge of the orbit, and source electrode 2 was
placed 4 cm from the base of the tail. Detector electrode 1 was placed at the anterior opening
of the ear, and detector electrode 2 was placed in the middle of the rat pelvis “®. The analysis

was performed in two phases, the initial phase (time 1) and the final phase (time 2).

Hepatic tissue lipid peroxidation measurements

Frozen hepatic tissue from each rat was homogenised in ice-cold phosphate buffer
(140 mM KCI and 20 mM phosphate, pH 7.4) and centrifuged at 3,000 rpm for 10 minutes.
Oxidative stress was determined by measuring the concentration of aldehydic products
(malondialdehyde [MDA]) wusing thiobarbituric acid reactive substances (TBARS).
The absorbance (535 nm) of the supernatant was measured by spectrophotometry, and the

values were expressed as nmol/mg protein *%).

Zinc measurements
The serum zinc concentration was measured using a Zinc Assay Kit (Abnova
Corporation, Taipei City, Taiwan). The absorbance (425 nm) of the supernatant was measured

by spectrophotometry, and the values were expressed as pg/dL.

Histology
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A piece of the liver and of the tongue from each animal was trimmed and fixed by
immersion in 10% buffered formalin for 24 hours. The blocks were dehydrated in a graded
series of ethanol and embedded in paraffin wax. Serial 3-mm sections were stained with
picrosirius and hematoxylin/eosin (H/E) (liver tissue) or with H/E (tongue tissue). Five
sections from each sample were analysed by two independent pathologists with no prior

knowledge of the animal groups.

Scanning Electron Microscopy

The dorsal region of the tongue was collected and immersed in a fixative solution
containing 4% glutaraldehyde. The samples were dehydrated in a graded acetone series: 30%,
50%, 70%, 95% and 100%. A CPD 030 Critical Point Dryer (Leica Microsystems, Buffalo
Grove, IL) was utilised to remove moisture from the samples and to reach the critical point.

The metallisation was performed with a gold/palladium alloy. The samples were
covered with an approximately 15-nm layer using a Metalizer Med 020 (Leica Microsystems).
Images were captured with a Philips XL20 Scanning Electron Microscope at 40-800X
magnification.

The taste buds were counted by pathologists who were blinded to the groups. The buds
in each field were counted, and the mean was calculated for each sample. Image-Pro Plus
(Media Cybernetics, Bethesda, MD, USA) was utilised to determine the diameter of the
gustatory papillae and the taste buds.

PGP 9.5, TIR2 and T1R3

The expression of PGP 9.5, TIR2 and T1R3 in the tongue was determined by
immunohistochemistry. Antigen recovery was performed using citrate butter at 100°C, and
endogenous peroxidase activity was blocked by incubating the slides at room temperature
with absolute methanol containing 3% hydrogen peroxide. The slides were preincubated with
10% rabbit serum at room temperature to block potential undesirable reactions with the
secondary antibody. The slides were incubated with polyclonal rabbit antibodies against PGP
9.5, TIR2 or TIR3 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) overnight at 4°C
followed by an incubation with the secondary antibody for 1 hour at room temperature. After
60 minutes at room temperature, the slides were treated with EnVision reagents and washed 3
times with hydrogen peroxide (in PBS). The nuclei were counterstained with hematoxylin.
The primary antibody was diluted in PBS containing bovine serum albumin; this buffer

without a primary antibody was utilised as a negative control. The results were evaluated
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without prior knowledge of the groups using a microscope equipped with a digital camera to

capture the images using Image-Pro Plus (Media Cybernetics).

Statistical analysis

The data were stored in Excel, and the statistical analyses were performed using SPSS
(Statistical Package for Social Science) version 18.0. The results are expressed as the mean +
standard deviation (SD). Student’s t-test was utilised to compare the intragroup variables for
paired samples and the intergroup variables for independent samples. A 5% level of

significance was adopted (p < 0.05).

Results

After 16 weeks, we obtained histological confirmation of cirrhosis in all the treated

animals (Figure 1B); there was no cirrhosis in the control animals (Figure 1A).

Figure 1: Liver histology. (A) Liver tissue with normal parenchyma. (B) Liver tissue with fibrous septa (arrow) and regenerative nodules (*),
which characterise the cirrhotic process. Picrosirius staining at 100X magnification.

In addition to the histological evidence, the cirrhotic animals displayed significant
changes in liver function (AST, ALT and ALP), indicating the presence of liver damage
(Table 1).

The zinc levels were lower in the CCly group than in the control group (Table 1).

In the lipid peroxidation analysis using TBARS, we observed an increase in lipid

peroxidation in all the CCls-induced cirrhotic animals (p = 0.05).



Table 1: Zinc levels, liver integrity and lipid peroxidation analyses

85

Control (n =7) CCl; (n =6)
Variables p
Mean = SD Mean = SD
AST (U/L) 171+ 32.2 1016 + 305 <0.001
ALT (U/L) 57.9+19.2 270 +81.2 0.001
ALP (U/L) 65.0 £ 26.2 386 + 103 <0.001
Zinc (ug/dL) 48.6 + 13.5 10.8+3.5 <0.001
U 2L ([rmeling 0.05 % 0.00 0.09 % 0.04 <0.05

protein)

The results are expressed as the mean + SD.

Table 2 presents the body weight data for the control and cirrhotic (CCly) animals at

times 1 (initial) and 2 (final) and the PA measured by bioelectrical impedance analysis at the

same timepoints.

Table 2: Comparison of body weight and PA (intra- and inter-groups)

Control (n=7 CCly(n=6 P

( ) s ) between

Mean % SD Mean % SD S
- Initial 2394 +35.7 211.8 +52.8 0.287

> €

8235 Final 296.1 + 39.8 243.9 + 17.0** 0.013
s A(final - initial) 56.6 (45.1 - 68.1)* 32.1(-9.1-73.3) 0.193
> Initial 7.64 +0.75 9.30 £ 0.95 0.005
é %é, Final 7.60 = 1.51 7.73+1.14 0.863
& A(final - initial) 0.04 (-1.67 - 1.76) 1.57 (0.22 - 2.92)* 0.120

*p < 0.05 The results are expressed as the mean + SD.
** Weight of animals with ascites.

In analysing the initial (time 1) and final (time 2) timepoints, we discovered that the
control group gained statistically significantly more weight than the CCls group (Table 2).

The PA was evaluated at the same timepoints (times 1 and 2). There was a statistically
significant difference in the CCls group between times 1 and 2, as evidenced by the 2-degree

decrease from the initial value to the final value (Figure 2).
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Figure 2 illustrates the difference in the PA (mean and SD) at times 1 and 2 for both

groups, with a confidence interval of 95%.

Mean phase angle (Cl 95%)

12 4
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—

g

—

1

Time 1

Time 2

—&— Control
cCla

Figure 2: Intragroup comparative analysis of the PA at times 1 and 2.

Histological Analysis of the Rat Tongues

The initial histological analysis of the rat tongue structure was performed using H/E

staining. This revealed a significant reduction in FiP in the cirrhotic animals compared with

the control animals.

" 2

Figure 3: Histological analysis of the rat tongues by H/E staining. (A) FiP in the control group exhibited normal structure; the arrow indicates

a FiP (100X magnification). (B) FiP in the cirrhosis group had an abnormal structure, and there were fewer papillae; the arrow indicates a

FiP (100X magnification).



87

SEM analysis of the morphological structure of the tongue revealed that tapering of
the gustatory papillae occurred, particularly in the base diameter and the apical region, in the

CCly group (Figures 4A and 4B). Compared with the control animals, the taste buds in the

cirrhotic animals displayed morphological changes (Table 3).

Figure 4: Morphological analysis of the gustatory papillae by SEM. (A) Morphological analysis of the papillae in the control group: intact
papillae (red arrow) and normal taste buds (*) (800X). (B) FiP of the reduced diameter in the apical region (red arrow) and a smaller,
exposed taste bud (*) (500X).

Table 3: Quantitative analysis of taste bud structure

Control CCl,
Mean + SD Mean + SD P
Papilla angle um 102.47 £ 9.707 121.25 £ 9.802 0.0001
Apex width um 16.13 + 2.644 11.67 + 1.794 0.0001
Base width um 43.93 + 3.138 28.37 + 4.231 0.0001
Papilla height um  151.33 + 9.233 76.34 + 4.961 0.0001
Igfte bud area 3.69 + 0.439 2,57 + 0.514 0.0001
Taste bud 73.72 + 12.63 55.05 + 7.659 0.0008

diameter um

In the animals in the cirrhosis group, some tongues had only one taste bud per field,
whereas others contained no taste buds. In the control group, the presence of taste buds per
field ranged between 2 and 6.

The immunohistochemical analysis of the innervation of the gustatory papillae using a
PGP 9.5 antibody revealed that the control and CCls animals had fungiform papillae (FuP)
and FiP in the dorsal region of the tongue (Figures 5A and 5B).
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Figure 5. Immunohistochemical analysis of innervation in the dorsal region of the tongue of control and cirrhotic rats
using a PGP 9.5 antibody. (A) FuP (arrow) and FiP (*) in a control rat (400X). (B) FuP (arrow) in the absence of FiP in
a cirrhotic rat (400X).

An immunohistochemical analysis of the T1R receptor family (T1R2 and T1R3) in the
gustatory papillae of rats was performed to determine the potential for the sweet taste (Figures
6 and 7).

T1R2 receptor immunoreactivity was observed in both groups (Figures 6A and 6B).

Figure 6: Analysis of TIR2 receptor expression in FuP in control and cirrhotic rats. (A) FuP (arrow) and FiP (*) in a control rat with
T1R2 receptor immunoreactivity (400X). (B) FuP (arrow) in a cirrhotic rat with T1R2 receptor immunoreactivity (400X).

There was positive immunoreactivity for TIR3 receptor in the control animals but not

in the cirrhotic animals (Figures 7A and 7B).
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Figure 7: Analysis of TIR3 receptor expression in FuP in control and cirrhotic rats. (A) FuP (arrow), the presence of FiP (*) and
keratin preservation (indicating the thickness) in a control rat (400X). (B) FuP in a cirrhotic rat at the end of the anterior region of
the tongue (arrow). FiP and keratinisation were absent (400X).

Discussion

The classic CCls-induced cirrhosis model is widely accepted in the literature because it
has characteristics similar to those of human cirrhosis.

AST and ALT are enzymes that are sensitive to hepatocellular injury. The release of
large amounts of these enzymes into the bloodstream is associated with centrilobular necrosis,
degeneration and decreased liver function. In our study, we observed a significant increase in
the liver enzyme levels in cirrhotic animals, confirming what has been previously reported **
30)

Zinc is hepatoprotective and required for ALP activity. Zinc deficiency causes
symptoms such as anorexia and taste changes. Reinforcing the characteristics of this metal,

. . . . . 1
low zinc levels have been observed in cirrhotic animals ¢V

, and this was confirmed by the
ALP and zinc levels detected in our study.

The CCly-induced cirrhosis model involves various signalling pathways that result in
liver injury; this was confirmed in this study by the TBARS values that indicated a
relationship between CCly-induced changes in the liver parenchyma and the formation of
reactive oxygen species (ROS) by the hepatic microsomal system, potentially through the
formation of trichloromethyl (CCls¢) and trichloromethyl peroxide (CCl;00e¢) radicals. This
oxidative process causes cellular damage and may increase ion permeability and membrane
and structural disintegration %

(the PA).

, which can be measured by bioelectrical impedance analysis

The reduced PA in the cirrhotic animals was accompanied by an increase in liver
enzyme levels and in lipid peroxidation. The body structure of the cirrhotic animals changed

as they lost weight.
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Similar to humans, the cirrhotic animals exhibited body asymmetry resulting from the
development of ascites, a symptom that is characteristic of cirrhosis. This change in body
composition complicates the determination of the actual nutritional status of the analysed
organism when conventional methods, such as anthropometric measurements, are utilised that
are based primarily on the amount of body fat **.

The PA has been used as a prognostic factor that assesses cell functionality, and it is
associated with other indices that are indicative of the health status of an organism. Currently,
there have been no studies using this profile in animals.

Cells in the nerve plexus in taste buds are divided based on function into type I, II, III
and IV cells. Only type II and III cells are responsive to stimuli and are called “light” cells ©?.
Type II cells receive a stimulus and transmit the signal to type III cells, which form a synapse.
In 1982, Nagy et al. demonstrated that there are nerve fibres in the fungiform and
circumvallate papillae of rats and that it is possible to record them ©¥.

We confirmed these findings by identifying nerve fibres in the FuP in both animal
groups. Yee et al. reported that PGP 9.5 immunoreactivity in the gustatory papillae indicated
the presence of type III cells ¥

Five types of taste have been described; in this study, because of the disease
characteristics, we chose to analyse the sweet taste because it is linked to a higher percentage
of daily caloric intake. The sweet taste is present in all types of gustatory papillae, and its
response to stimuli is similar in different mammals ©°.

The sweet taste can be detected via the combination of two receptors (T1R2 and
T1R3) that determine the function of the heteromeric TIR receptor. TIR receptors are G
protein-coupled receptors (GPCRs); class C GPCRs have a long N-terminus, similar to
metabotropic glutamate receptors, GABAg receptors and calcium signal receptors ©®.

Hoon et al. reported in 1997 that the majority of T1R1 receptors are expressed in FuP
and are rare in circumvallate papillae. In contrast, TIR2 are poorly expressed in FuP but are
expressed in all circumvallate papillae. TIR3 are expressed in both papillae types @) we did
not observe TIR3-immunoreactive cells, which would mediate the sweet taste, in the cirrhosis
group.

In 2003, Kim et al. compared the signalling activity of circumvallate papillae and FuP
and determined that FuP can play the same role in responding to sweet stimuli ©”.

In our study, using various techniques, we observed thinning of FiP in the cirrhosis
group, which would impair the salty taste. The salty taste is detected directly by Na"

permeability in the apical region of the papilla, causing cell depolarisation to perceive the
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taste. When there is a thinning of the papillae or they have a decreased diameter, sodium
comes into contact with other structures in the dorsal region of the tongue, causing a gradual
loss of papillary structure because of an continuous imbalance @

Sweet taste aversion and salty taste intolerance are the two symptoms related to taste
that are commonly mentioned by cirrhotic patients, which leads us to hypothesise that the
changes in the gustatory papillae of cirrhotic animals may play a role in dysgeusia, which is

frequently observed in clinical practice.

Conclusions

The experimental cirrhosis model induced by the intraperitoneal injection of CCly
mimicked the biochemical and histological parameters of human cirrhosis, enabling a study of
the gustatory papillae and taste buds, an assessment of cell functionality (bioelectrical
impedance analysis) and an evaluation of a relationship with potential PCM and zinc
deficiency. These findings improve our understanding of the deficiencies of patients with
cirrhosis and will lead to hepatology studies to develop effective nutritional strategies that

will result in improved clinical treatment.
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5 CONCLUSOES GERAIS

E notério o crescimento mundial de doengas hepaticas cronicas, e atreladas a
elas surgem complicagbes inerentes da evolugdo da histéria natural da doenca.
Alteracdes corporais definidas como assimetria corporal sdo comumente observadas
na cirrose decorrentes de sintomas provenientes da hipertensao portal como edema
e ascite. Esse quadro clinico tende a piorar a medida que a cirrose evolui,
dificultando o manejo nutricional para restaurar o estado deficitario de nutricdo do
paciente cirroético.

Entretanto, é preciso ter o parametro que indique um real estado nutricional
do paciente e, assim, tragar um plano alimentar de cura e/ou manutencédo de suas
caréncias nutricionais.

Para isso, foi necessario identificar um método que fornecesse informagdes
fidedignas, reproduziveis, de baixo custo e rapidas para que fossem inseridas na
rotina clinica no atendimento nutricional do paciente cirrético. Realizada avaliagao
nutricional por diferentes métodos, identifica-se o AF através da bioimpedancia
elétrica, como um bom parametro prognédstico por sua associagao significativa com a
piora da cirrose graduada pelo escore Child-Pugh.

O desempenho nutricional do paciente cirrético, frente as medidas
interventivas realizadas, nem sempre apresenta um resultado positivo, devido a
disgeusia, ou seja, alteragcao de paladar.

Sabendo que a DPC e caréncias de minerais podem variar de 20 a 60% dos
casos em pacientes cirréticos compensados, percebe-se a importancia da
compreensao de mecanismos fisiopatoldgicos que ocorrem na cirrose, como no
caso da disgeusia e da DPC.

O modelo de cirrose experimental por CCl, viabilizou o estudo das papilas e
botdes gustativos, além da avaliagdo da funcionalidade celular pelo AF através da
bioimpedancia elétrica, agregado a uma possivel DPC.

O estudo histomorfolégico da lingua de animais cirréticos indicou alteragdes
no gosto salgado e doce, podendo, com base em estudos futuros, explicar a causa
da disgeusia e consequentemente a redugdo da ingestdo cal6rica de pacientes

cirréticos.
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ANEXO 1 - Consentimento Livre e Esclarecido

CONVITE A PARTICIPAGAO DE UM ESTUDO SOBRE AVALIAGAO DE PESO

Estamos realizando um trabalho de pesquisa sobre avaliagdo do peso
corporal durante o tratamento clinico. Para isto, gostariamos de contar com a sua
colaboragéo durante alguns minutos para responder algumas perguntas e permitir
que possamos pesa-lo(a), medi-lo(a) para avaliarmos o valor de gordura que
contém no seu corpo. Essas medidas serdo feitas com um aparelho chamado
Adipébmetro, o qual é indolor, ndo causando qualquer incbmodo. Logo apds sera
utilizado um aparelho chamado Bioimpedéncia, que mede sua composi¢ao
corporal de liquidos, gordura e quantidade de musculos. Para finalizar o senhor(a)
apertara com uma das maos, um aparelho chamado de Dinamémetro, o qual
vamos medir sua forgca. Também serdo solicitados alguns exames de sangue, a
fim de quantificar se ha algum grau de desnutrigao.

Gostariamos de deixar claro que esta pesquisa € independente de seu
tratamento e em nada influenciara caso o(a) senhor(a) nao estiver de acordo em
participar, ou que venha retirar seu consentimento posteriormente. Asseguramos
que todas as informagdes prestadas pelo(a) senhor(a) sédo sigilosas e serdo
utilizadas somente para esta pesquisa. A divulgacdo das informagdes sera
anbnima e em conjunto com as respostas de um grupo de pessoas. Caso o(a)
senhor(a) concorde podera passar as informagdes obtidas a partir desta pesquisa
para o seu médico e isto podera auxilia-lo na compreensao de seu caso.

Este estudo foi submetido ao Comité de Etica em Pesquisa da Instituicdo
que garantiu sua aprovagao.

A participacédo deste estudo ndo gera nenhum 6nus, ou seja, € totalmente
gratuito.

Se vocé tiver alguma pergunta a fazer antes de decidir, sinta-se a vontade
para fazé-la, ou ainda, caso sinta necessidade podera entrar em contato com:

Nut. Sabrina A. Fernandes Dahlem Telefone: (051) 95167911

Prof. Dr. Claudio Augusto Marroni Telefone: (051) 3214.8000



Data: / 120

Nome do entrevistado:

Assinatura:

Nome do entrevistador:

Assinatura:

96



97

ANEXO 2 - Certificado de Tradugao para Lingua Inglesa (Artigo 3)

O SLBdERLLUNOF MMM JSH Sspad FILNOOSID JBUL BT DUR SEOIAIGE “Auedwno Jno INOGE LONILLICHLY SO 0. "SiyEacs

uEgbug aageu-uou g e EplosmuBw Yomess) ppe o) suoneaggenh jseybey ey seees0d pue sy yoeessn MEna APESU LWOJ) SLW00 SI0EPS N SSmEEGUN 0] §EOUSWN WU SxEeds
isybug aageu e sue EMEDS (U Amenb-doy MO PROM S PUnDEE EssUEOnd pUB §iSpUEBssal iy SeddueE dusenuBw pue uvopEsues Bumpe o abuer & sepinoed Spedig FELNOP UEDLEIN

wiod susde|eunols poddns
B suadyg EuwnopP USDUSUNY PRI ssesid ualnaop paipe siyl Nodge sweauns Jo suogsanb Aue asey nof j| ‘abed ucieoyiBa N0 (A ssEed ‘UosIaA
e gy ey sl Ajuas 0] [ suonsabbns Jno pelal Jo jdenoe o] AUR]E Syl SBY JoWNe S4) 'ISASMOL IUonBDNC o) Apearys|fug aq s
e sy buwecal sjuswnoog s i Bugpe ey Buung Asm Aue W PRIGIE BISM SUDIUBLL SIOUNE By} JOU JUsued W] seypep spedig
e Bumesds ysgBug sageu Aybiy ey jo slow 0 auo Ag si)s eeso pue Bugeds 'uos e wef efunbus
) SEM SA0GR PESi| (duosnuew SEYISD USLLIND0D SIY| - Sleaied WD spadxeEumol MM 1B paiiiss aq S8 SEDEa0 S|

FVES-L004-5864-4dv30-5024d
Ay UoneoILIBA SledlILa)

£102 ‘02 aunp
:panss| aleq

“JuE 01snBNY OIPNEID ‘IUOLEBI BSSOd BULION ‘4S80 IPILILOS Napey] SOBD 'BUOE BIAIS ‘SSPUBLISS SBAY BULIGES
'SI0YINY

‘BSQUIG 8p [BUSW uadxs OPpoWw Wn wa sojel ap enbul| ep cedeleny
9|1 1duosnuey

sHedis ELNor UBIUBLWY |E s1oppe Bupjeeds ysgdug
eafEu paypnb fubny e jo esow 10 euo Ag ef)s pEiewo pue ‘Bupeds ‘vogenound
‘rewnueld ‘ebenbBue yspBug edod 10) pepe sEM MOEY PRIS) IdEDSNIUBL B 18] SSYISD |USUINDOP SIY |

31VvOIdI1430 1vid0O1id4

s1aadxd 1vNanol Nvorzany




ANEXO 3 — Carta de Aprovagao — Trabalho 3

HCPA - HOSPITAL DE CLIiNICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUACAO

COMISSAO DE ETICA NO USO DE ANIMAIS

A Comissao de Etica no Uso de Animais (CEUA/HCPA) analisou o projeto:

Projeto: 120139
Data da Verséo do Projeto:

Pesquisadores:
NORMA ANAIR POSSA MARRONI

CLAUDIO AUGUSTO MARRONI
SABRINA ALVES FERNANDES
MARIANA DOS SANTOS QLIVEIRA
DANIELE LAZZAROTTO HARTER

Titulo:  Analise dos aspectos estruturais das papilas gustativas de ratos cirréticos e a acao da
melatonina

Este projeto foi APROVADO em seus aspectos éticos e metodoldgicos de acordo com as Diretrizes e
Normas Nacionais e Internacionais, especialmente a Lei 11.794 de 08/10/2008, que estabelece
procedimentos para o uso cientifico de animais.

- Os membros da CEUA/HCPA nao participaram do processo de avaliagéo de projetos onde constam
como pesquisadores.

- Toda e qualquer alteragéo do Projeto devera ser comunicada a CEUA/HCPA.

- O pesquisador deverd apresentar relatorios semestrais de acompanhamento e relatério final ao
CEUA/HCFA.

orto Alegre, 23 de agosto de 2012.

Dr. Algssandro Osvaldt
Coordenador CEUA/HCPA
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ANEXO - 4 - Orgamento Disponibilizado pelo FIPE - Trabalho 3

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE

GPPG - GRUPO DE PESQUISA E POS GRADUACAO

SERVICO DE GESTAC EM PESQUISA

ORCAMENTO WEB V.2

| Data | quinta-feira, 18 de julho de 2013

ANALISE DOS ASPECTOS ESTRUTURAIS DAS PAPILAS GUSTATIVAS DE RATOS CIRROTICOS E A AGAO DA MELATONINA

Pesquisador Responsavel Norma Possa Marroni
Classificacao do Estudo Pesquisa em Animais
Financiado por: FIPE/I

N (Numero de Sujeitos de Pesquisa 40

Exames Clinicos - Sangue

[ —ames T TFmancador] Quamdsde] VU ] Vawrto
Alanina Aminotransierase 0 FIPE 40| RS 2,01 [ RS 80.40
Aspartato aminotransferase 0 FIPE 40| RS 2,01 | RS 80,40
Bilirrubina 0 FIPE 40| RS 2,01 | RS 80,40
Fosfatase Alcalina 0 FIPE 40| RS 2,01 | RS 80,40
SUBTOTAL (Exames) R$ 321,60

Unidade de Experimentagdo Animal

e — i, 0] i e ) AL 0,02
Agulha 25x07 Descartavel Esteril caixa com 100 2615 FIPE 70| RS 6,50 | RS 455,00
Frasco para coleta urina (EQU) 187070 FIPE 80| RS 0.24 | RS 19,20
Lamina de barbear 8168 FIPE 4| RS 0,94 | RS 3,76
Ponteira amarela ou incolor de 0-200ul s/ ranhura pacote com 1000 21024 FIPE 2| RS 14,80 | RS 29,60
Ponteira p-1000 cap. 200-1000ul estéril em racks de 96 unidades por peca 246921 FIPE 1 RS 0,13 | RS 0,13
Seringa 1ml com agulha unitario 2291 FIPE 100| RS 0,13 | R$ 13.00
Seringa 3ml sem agulha desc 2356 FIPE 50| RS 0,09 [ RS 4,50
Soro Fisiologico T0UML U,9% (cloreto de sodio) 202550 FIPE 20 R5 TS0 [ KE 30,00
Tubo de Coleta (Tampa Vermelha) - seco 4ml. 7137 FIPE 40| RS 0.19 | R$ 7.60
Fenobarbital 40mg/ml ampola 2mL 233412 FIPE 190| RS 1,50 | R% 285,00
Quetamina Frasco de 10mi 274836 FIPE 3| RS 28,00 | R$ 84,00
Xilazina Frasco de 10ml 274835 FIPE 3| RS 19,00 | R$ 57,00

SUBTOTAL (Unidade de Experimentagao Animal)

Unidade de Experimentagao Animal (Servigos)
=  ow——~| [ 0T Guaniaade] Vaior Unic ] Vaior roar
Animais {Rato) 40| RS 16,00 | R$ ,
Diarias - Rato e Camundongo FIPE 4800| RS 0,50 | R$ 2.400,00
Taxa de Rateio (MENSAL) 4| RS 50,00 | R$
SUBTOTAL (Servigos UEA) 3.240,00

ODGH

NAC/IMP | Financiador | Quantidade vV.u Valor Total
Polyclonal Rabbit Anti-PGP 9.5 1ml [IMPORTADO| FIPE | 1[RS$ 2.000,00 | R$ 3.000,00 |
SUBTOTAL (KITS - NACIONAIS/IMPORTADOS) R$ 3.000,00
Laboratorio de Patologia
Ee——————. U [enTas] W e
Fazer 01 lamina com qualquer coloracao 0 FIPE 40[ R 10,00 b
Fazer 01 ldmina de HE (todo material fornecido pelo HCPA) 0 FIPE 80| RS 10,00 | R$ 800,00
Fazer 01 ldmina Imunohistoquimica trazendo o anticorpo 0 FIPE 40| RS 20,00 | R$
SUBTOTAL (Laboratdrio de Patologia) R$ 2.000,00
Materiais Diversos

Item Codigo Financiador | Quantidade v.u Valor Total
Bobina de papel termosensivel p/ Bioimpedancia |  283629] FIPE |  1[RS 1500[R§  1500]
SUBTOTAL (Materiais Diversos) R$ 15,00

Outros Materiais

Item Financiador | Quantidade v.u Valor Total
Microscopia eleironica de varredura 0] FIPE_| 15/ RS 141,00 [R$ 2.11500]
SUBTOTAL (Outros materiais) R$ 2.115,00

TOTAL DO PROJETO R$ 11.680,39
FIPE R$ 11.680,39
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Sr. Pesquisador em caso de haver informagoes/observagoes necessarias a serem realizadas, utilize este campo:

Fmgmma Desenvolvido por Rafael Zimmer - Financeiro GPPG |




