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RELACAO ENTRE MACRC)FAGQS ESPUMOSOS E CELULAS ESTRELADAS NO
DESENVOLVIMENTO DAS LESOES HEPATICAS INDUZIDAS PELA INGESTAO
DE BRACHIARIA SPP. EM BOVINOS

RESUMO - Brachiaria spp. é a forragem tropical mais cultivada em varios
paises; no entanto, muitos relatos de doencas foram descritos em animais devido a
toxicidade das saponinas esteroidais presentes na planta. Essas toxinas causam
danos principalmente no figado, que pode apresentar varias lesdes histopatologicas,
incluindo infiltrados de células de citoplasma espumoso, conhecidas como
macrofagos espumosos (ME) e fibrose. A fibrose hepatica ocorre principalmente apés
ativacao das células estreladas hepaticas (CEHs) em miofibroblastos fibrogénicos. O
objetivo deste estudo foi investigar a ativacdo de CEHs para verificar a possivel
associacao entre macrofagos espumosos e fibrose hepatica em bovinos mantidos em
pastagem de Brachiaria. Fragmentos de figado de bovinos alimentados com
Brachiaria spp. foram coletados em um abatedouro e destes, 48 foram selecionados
na analise histolégica considerando a presenca de infiltrados de macréfagos
espumosos. As amostras foram divididas em 4 escores/grupos (12 animais por grupo),
de acordo com a quantidade e tamanho dos infiltrados de macréfagos espumosos no
parénquima hepético: 0= auséncia de ME e lesBes histolégicas; 1= discreto; 2=
moderado; 3= acentuado. As amostras foram submetidas a andlise histopatologica
(Hematoxilina e Eosina - HE; Tricrdmico de Masson — TM para avaliar a deposi¢éo de
colageno) e imuno-histoquimica (a-SMA; CD163). A analise histopatoldgica revelou
infiltrados inflamatérios mononucleares nos tratos portais e fibrose capsular discreta
como as lesdes mais frequentes. O TM exibiu fibrose discreta a moderada, geralmente
envolvendo grupos de macrofagos espumosos, em regifes subcapsulares ou
periportais. Houve diferenca estatistica significante entre os grupos de infiltrados de
macréfagos espumosos e a porcentagem de fibrose (p= 0,001) e imunomarcacéo de
CEHs (p= 0,002). Figados com escore 3 apresentaram maior porcentagem de fibrose
e ativacdo de CEHs quando comparado ao grupo 0, e houve correlacdo entre estas
variaveis e os grupos/escores de macréfagos espumosos. A avaliacdo de CD163 néo
revelou alteracdo de marcacao de células de Kupffer entre os grupos, porém revelou
grande variacdo da expressao deste receptor entre os macréfagos espumosos. Nao
houve correlacéo entre a expressdo de CD163 em macréfagos espumosos e a fibrose
hepatica. Este estudo conclui que uma quantidade maior de macr6fagos espumosos
pode estimular a fibrose hepatica através da ativacdo de CEHSs, sendo este achado
concordante com a literatura que sugere injaria hepatica cronica e fibrose em figados
de bovinos alimentados com Brachiaria spp. Os macrofagos espumosos associados
a ingestdo desta pastagem, apresentam ainda, variacdo evidente da expressado de
CD163, sendo esta expressao maior em grupos com maior quantidade destas células.

Palavras-chave: Fibrose hepatica, infiltrado inflamatério  mononuclear,
fotossensibilizacdo, pastagem, saponinas esteroidais



RELATIONSHIP BETWEEN FOAMY MACROPHAGES AND STELLATE CELLS IN
THE DEVELOPMENT OF HEPATIC INJURIES IN CATTLE GRAZING
BRACHIARIA SPP.

ABSTRACT - Brachiaria spp. is the most cultivated tropical forage in several
countries; however, many disease reports have been described in animals due to the
toxicity of steroidal saponins present in the plant. These toxins cause damage mainly
to the liver, which can present several histopathological lesions, including infiltrates of
cells with foamy cytoplasm, known as foamy macrophages (FM), and fibrosis. Liver
fibrosis occurs mainly after activation of hepatic stellate cells (HSCs) in fibrogenic
myofibroblasts. The objective of this study was to investigate the activation of HSCs to
verify the possible association between foamy macrophages and hepatic fibrosis in
cattle kept in Brachiaria pasture. Liver fragments of cattle fed with Brachiaria spp. were
collected in a slaughterhouse and from these, 48 were selected in histological analysis
considering the presence/absence of foamy macrophage infiltrates. The samples were
divided into 4 scores/groups (12 animals per group), according to the amount and size
of foamy macrophage infiltrates in the liver parenchyma: 0 = absence of FM (and no
histological lesions); 1= mild; 2= moderate; 3= intense. The samples were submitted
to histopathological analysis (Hematoxylin and Eosin - HE; Masson's trichrome - MT
to assess collagen deposition) and immunohistochemistry (a-SMA; CD163).
Histopathological analysis revealed mononuclear inflammatory infiltrates in the portal
tracts and mild capsular fibrosis as the most frequent lesions. MT exhibited mild to
moderate fibrosis, usually involving groups of foamy macrophages, in subcapsular or
periportal regions. There was a significant statistical difference between the groups of
foamy macrophage infiltrates and the percentage of fibrosis (p= 0.001) and
immunostaining of HSCs (p= 0.002). Livers with score 3 showed a higher percentage
of fibrosis and activation of HSCs when compared to group O, and there was a
correlation between these variables and the groups of foamy macrophages. The
evaluation of CD163 did not reveal changes in the labeling of Kupffer cells between
the groups, but it did reveal a great variation in the expression of this receptor between
foamy macrophages. There was no correlation between CD163 expression in foamy
macrophages and liver fibrosis. This study concludes that a larger amount of foamy
macrophages can stimulate hepatic fibrosis through the activation of HSCs, which is
consistent with the literature that suggests chronic liver injury and fibrosis in livers of
cattle fed with Brachiaria spp. The foamy macrophages associated with the ingestion
of this pasture, also presented an evident variation in the expression of CD163, being
this expression superior in groups with a greater quantity of these cells.

Keywords: Hepatic fibrosis, mononuclear inflammatory infiltrate, photosensitization,
signal grass, steroidal saponins
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sinusoides pelas CEHSs (setas). Barra: 10um. C — Figado do grupo 1- Forte
positividade para CEHs ao longo dos sinusoides. Notar imunomarcacao
positiva de CEHs envolvendo um pequeno grupo de macrofagos espumosos
(seta). Barra: 50um. D — Figado do grupo O - Delicada imunomarcacao de
CEHs ao longo dos sinusoides (setas). Barra: 10um. Kit Novolink.
Cromégeno DAB e contracoloracdo com  Hematoxilina  de

Figura 11. Médias para porcentagem de fibrose no Tricromico de Masson (A) e

imunomarcacdo de CEHs para ao-SMA (B) em figados de bovinos
alimentados com Brachiaria spp. A - Notar a maior proporc¢ao de fibrose em
figados com maior escore de macréfagos espumosos (grupos 3 e 2) (p=
0,001). Nao houve diferenca estatistica entre os grupos 0 e 1. B - Médias
para porcentagem de CEHs revelou diferenca de imunomarcacao entre os
grupos/escores de macrofagos espumosos (p= 0,002). Figados dos grupos
3 e 1 apresentaram maior imunomarcacao para CEHs enquanto os figados
dos grupos 2 e 0 mostraram menor imunomarcacdo. (A-B — Teste de
Comparactes Pareadas de Tukey — Confianca de 95%) ..........cccccvvvvvvnnes 43

Figura 12. Médias de imunomarcacao para CD163 em macréfagos espumosos (A) e

células de Kupffer (B) em figados de bovinos alimentados com Brachiaria
spp. A — Ha evidente maior média de contagem de macréfagos espumosos
imunopositivos para CD163 nos grupos com maior escore de ME (p=
0,003). B - Médias para porcentagem imunomarcacao de células de Kupffer
ndo revelou diferenca entre os grupos/escores de macrofagos espumosos
(p=0,001). (A-B — Teste de ComparacOes Pareadas de Tukey — Confianca
08 950) ..ttt e e e e e e e e e e e e e e e e e 46



Figura 13. Fotomicrografias de figados de bovinos alimentados com Brachiaria spp.
Imunomarcacédo de ME (*) e células de Kupffer (setas) para CD163. A -
Figado do grupo 3 — Positividade variavel para CD163 em um grupo de
macrofagos espumosos. Note que, no mesmo grupo, alguns macrofagos
espumosos expressam CD163 (coloracdo amarronzada) enquanto outros
nao expressam. Barra: 10um. B — Figado do grupo 3 — Forte marcacao para
CD163 em um grupo de macréfagos espumosos. C — Figado do grupo 2 —
Um pequeno grupo de macrofagos espumosos apresenta fraca
imunomarcacao para CD163. Note que as células de Kupffer (setas) ao redor
apresentam expressao mais forte. D — Figado do grupo 1 — Um grupo médio
de macrofagos espumosos ndo expressa CD163. As células de Kupffer
apresentam expressdo para CD163, tanto entremeadas aos macréfagos
espumosos, quanto nos sinusoides. Note que ha infiltrado inflamatoério de
linfécitos juntos aos ME. Kit Novolink. Cromdgeno DAB e contracoloracdo
com Hematoxilina de HaITIS..........cooueeiiiiiii e 48



1. INTRODUCAO

O Brasil se consolidou em 2018 como o pais de maior rebanho bovino do
mundo, com mais de 221 milhdes de cabecas de gado, dos quais 81,45% séo voltados
para agropecuaria de corte. Apesar da alta produtividade, somente 12,6% dos animais
abatidos em 2018 foram terminados em confinamento, sendo o restante criado de
forma extensiva. As areas de pastagens totalizaram 162,5 milhdes de hectares em
2018, evidenciando o perfil extensionista da agropecuéria nacional (ABIEC, 2019).
Devido a alta adaptabilidade e produtividade em condi¢cdes de clima tropical,
gramineas do género Brachiaria sdo as mais dominantes no Brasil, e representam
mais de 50% das areas de pastagens brasileiras (Demarchi et al., 2016). Ainda,
segundo Jank e colaboradores (2014) Brachiaria spp. € a forrageira tropical mais
cultivada extensivamente na América Latina, Asia, Australia e Pacifico Sul, sendo que
somente no Brasil, seu cultivo excede 99 milhdes de hectares.

A Brachiaria spp. é considerada uma pastagem de qualidade para producéo
animal (Low, 2015), pois apresenta alta producdo de matéria seca, € de facil cultivo e
apresenta boa adaptacdo em diferentes solos durante todo o ano (Riet-Correa et al.,
2011). Apesar disso, ha diversos relatos de intoxicacdo por Brachiaria spp., que
relatam condicdo corporal ruim, fotossensibilizacdo e perda de peso em animais de
producéo ao longo dos anos, principalmente no Brasil (Barbosa et al., 2006; Sousa et
al., 2010; Albernaz et al., 2010; Riet-Correa et al., 2010; Riet-Correa et al., 2011; De
Oliveira et al., 2013; Low, 2015). Entre 1979 e 2009 mais de 100 surtos de intoxicacdo
por Brachiaria decumbens foram relatados a Escola de Veterinaria e Ciéncia Animal
da Universidade Estadual Paulista (Unesp), e mais de 20 surtos foram relacionados a
B. brizantha (Riet-Correa et al.,, 2011). As injurias teciduais provocadas pela
Brachiaria spp. sdo associadas a presenca de saponinas esteroidais, glicosideos
relacionados a mecanismos de defesa da planta, que agem como uma barreira
guimica protetora contra insetos e outros predadores (Muniandy et al., 2020). Estas
toxinas causam danos celulares principalmente no figado, e a severidade das lesdes
histopatol6gicas aumentam com o tempo de exposi¢cao a Brachiaria spp. (Low, 2015;
Muniandy et al., 2020).



Na histologia, os danos hepaticos associados a ingestao de Brachiaria spp. sao
caracterizados por degeneracdo hidropica de hepatécitos, necrose centrolobular ou
aleatoria, colangio-hepatite, por vezes associada a presenca de cristais birrefringentes
bloqueando ductos biliares, proliferagdo de ductos biliares e a presenca de
macrofagos espumosos (Driemeier et al., 1998; Driemeier et al., 1999; Cruz et al.,
2001; Brum et al., 2007; Sousa et al., 2010; Albernaz et al., 2010; Riet-Correa et al.,
2010; Riet-Correa et al., 2011; De Oliveira et al., 2013; Ogliari et al., 2018).

Os macrofagos espumosos sao distribuidos aleatoriamente pelo parénquima
hepatico, arranjados em grupos ou isolados, localizados principalmente préoximo a veia
centrolobular (Driemeier et al., 1998; Driemeier et al., 1999; Riet-Correa et al., 2010).
Estas células ndo se coram pelo Acido Periodico de Schiff (PAS), se coram fracamente
pelo Red Oil O (Driemeier et al., 1998) e apresentam imunomarcacao positiva para
MAC387 (Faccin et al., 2016) e CD68 (Araujo et al., 2017), sendo, portanto, realmente
macrofagos.

Alguns estudos tém demonstrado que Brachiaria spp. causa injuria hepatica
cronica (Riet-Correa et al., 2010; Faccin et al., 2016; Ogliari et al., 2018) e alta
condenacéo de figados bovinos em abatedouros devido a fibrose, chegando por vezes
a prejuizos superiores a 100 mil reais por ano em cada abatedouro (Faccin et al.,
2015). Sabe-se que a Célula Estrelada Hepatica (CEH) €, apds ativacéo, a principal
célula fibrogénica no figado, devido a sua transdiferenciacdo em miofibroblastos
(Tsuchida e Friedman, 2017).

Apos injuria hepatica, as CEHs mudam seu fenétipo para miofibroblastos, que
sao proliferativos, inflamatorios e quimiotaticos, caracterizados por elevada producéo
de matriz extracelular (Tsuchida e Friedman, 2017). Diferentes tipos de agentes
toxicos produzem mediadores que induzem um estado inflamatorio nas células
hepaticas. Os hepatdcitos lesados e células biliares liberam DAMPS que ativam
células de Kupffer e desencadeiam o recrutamento de células T ativadas. O meio
inflamatorio leva a ativacdo das CEHs em miofibroblastos fibrogénicos. O processo €
autossuficiente, pois as CEHs secretam citocinas que perpetuam seu estado ativado.
Se ainjuria persiste, hd acimulo de CEHs ativadas, que sintetizam grande quantidade

de MEC, com consequente fibrose (Bataller e Brenner, 2005).



Macrofagos hepaticos desempenham um papel chave na iniciagcdo e
progressao da fibrose pois produzem respostas inflamatérias quando ha necrose de
hepatdcitos (Li et al., 2016) e podem expressar grandes quantidades de TGF-beta, a
mais importante citocina fibrogénica (Koyama e Brenner, 2017).

Muito pouco se sabe sobre a real atuacdo dos macrofagos espumosos no
desenvolvimento de lesdo hepética em animais alimentados com gramineas do
género Brachiaria. Assim, a hipétese deste estudo é que os macréfagos espumosos
auxiliam no desencadeamento das leses hepaticas crénicas que resultam em fibrose
exacerbada através da ativacdo de CEHSs. Portanto, os objetivos deste estudo foram:
detectar CEHSs ativadas por imuno-histoquimica e comparar sua ativacdo a um escore
de infiltrados de macrofagos espumosos no parénquima hepético; avaliar a ativacédo
dos macrofagos espumosos e células de Kupffer e; verificar se ha associacao entre a
presenca de macrofagos espumosos e a fibrose hepatica em bovinos alimentados

com Brachiaria spp.
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5. CONCLUSOES

Os resultados deste estudo concluem que houve maior imunodeteccédo de
células estreladas hepaticas ativadas e maior porcentagem de deposi¢cdo de fibras
colagenas (fibrose) em figados com maior quantidade de macréfagos espumosos,
principalmente quando comparado com figados sem macrofagos espumosos. Estes
achados estdo em concordancia com a literatura que sugere relacdo de
injuria hepética crbénica e fibrose em figados de bovinos alimentados com
Brachiaria spp. Houve maior expressdo de CD163 nos figados de animais com
maior quantidade de macrofagos espumosos, que em animais com quantidade

moderada e discreta destas células.



53

6. REFERENCIAS

Abdullah AS, Lajis NH, Bremner JB, Davies NW, Mustapha W, Rajion MA (1992)
Hepatotoxic constituents in the rumen of Brachiaria decumbens intoxicated sheep.
Veterinary and Human Toxicology 34:154-155.

ABIEC. Associacdo Brasileira das Industrias Exportadoras de Carne. Perfil da
Pecuaria no Brasii — Relatério Anual de 2019. Disponivel em:
<http://abiec.com.br/publicacoes/beef-report-2019/>. Acesso em: 28 jan. 2020.

Albernaz TT, Silveira JAS, Silva NS, Oliveira CHS, Reis ASB, Oliveira CMC, Duarte
MD, Barbosa JD (2010) Photosensitization of sheep kept on Brachiaria brizantha
pasture in the state of Para. Pesquisa Veterinéaria Brasileira 30:741-748.

Alessi AC, Fagliari JJ, Okuda HT, Passipieri M (1994) Intoxicacao natural de bovinos
pela esporidesmina. IV. LesbGes hepaticas. Arquivos Brasileiros de Medicina
Veterinaria e Zootecnia 46(4):319-328.

Ackermann MR, DeBey BM, Stabel TJ, Gold JH, Register KB, Meehan JT (1994)
Distribution of anti-CD68 (EBM11) immunoreactivity in formalin-fixed, paraffin-
embedded bovine tissues. Veterinary Pathology 31:340-348.

Almeida ACO (2016) Anatomo-histopatologia de figados bovinos: relacao entre
as lesdes e os sistemas de producédo. 58f. Dissertacdo (Mestrado em Medicina
Veterinaria) - Unesp, Jaboticabal.

Araljo RR, Pupin RC, Madureira RC, Morais LG, Quevedo LS, Lemos RAA, Schild
AL, Colodel EM, Castro MB (2017) Characterization and frequency of histological
changes in bovine livers from slaughterhouses in Brazil kept on Brachiaria spp. Acta
Scientia Veterinariae 45:1432.

Assumaidaee AA, Zamri-Saad M, Jasni S, Noordin MM (2010) The role of oxidative
stress in Brachiaria decumbens toxicity in sheep. Pertanika Journal of Tropical
Agricultural Science 33(1):151-157.

Baber R (1989) Photosensitisation: a note of caution in the use of Brachiaria pastures
—areview. Tropical Animal Heath and Production 21:277-280.

Bansal R, Baarlen J, Storm G, Prakash J (2015) The interplay of the notch signaling in
hepatic stellate cells and macrophages determines the fate of liver fibrogenesis.
Scientific Reports 5:18272.

Barbosa JD, Oliveira CMC, Tokarnia CH, Peixoto PV (2006) Hepatogenous
photosensitization in horses caused by Brachiaria humidicola (Graminae) in the state
of Para. Pesquisa Veterinaria Brasileira 26:147-153.


http://abiec.com.br/publicacoes/beef-report-2019/

54

Bardadin KA, Scheuer PJ, Peczec A, Wejman J (1991) Immunocytochemical
observations on macrophage populations in normal fetal and adult human liver.
Journal of Pathology 164:253-259.

Barros CSL (2016) Figado, vias biliares e pancreas exdécrino. In: Santos RL, Alessi
AC. Patologia Veterinéria. 2. ed. Rio de Janeiro: Rocca, p. 181-265.

Barros MHM, Hauck F, Dreyer JH, Kempkes B, Niedobitek G (2013) Macrophage
polarisation: an immunohistochemical approach for identifying M1 and M2
macrophages. PLoS ONE 8(11):e80908.

Bataller R, Brenner DA (2005) Liver fibrosis. Journal of Clinical Investigation
115:2009-2018.

Benyon RC, Arthur MJ (2001) Extracellular matrix degradation and the role of hepatic
stellate cells. Seminars in Liver Disease 21:373-384.

Bilzer M, Roggel F, Gerbes AL (2006) Role of Kupffer cells in host defense and liver
disease. Liver International 26:1175-1186.

Bogdanos DP, Gao B, Gershwin ME (2013) Liver Immunology. Comprehensive
Physiology 3:567-598.

Boabaid FM, Antoniassi NAB, Pescador CA, Souza MA, Gasparetto ND, Cruz CEF,
Bezerra Junior PS, Driemeier D, Colodel EM (2011). Lectin histochemistry on sections
of liver and lymph nodes from sheep grazing on Brachiaria spp. In: Riet-Correa F,
Pfister J, Schild Al, Wierenga T. Poisoning by plants, mycotoxins and related
toxins. Eds. London: CAB International, p. 124-128.

Braga TT, Agudelo JSH, Camara NOS (2015) Macrophages during the fibrotic
process: M2 as a friend and foe. Frontiers in Immunology 6:602.

Breitkopf K, Godoy P, Ciuclan L, Singer MV, Dooley S (2006) TGF-beta/Smad
signaling in the injured liver. Zeitschrift fir Gastroenterologie 44:57-66.

Brown DL, Wettere AJ, Cullen, JM (2018) Sistema hepatobiliar e pancreas exocrino.
In: Zachary JF. Bases da Patologia em Veterinaria. Traducédo 6. ed. Rio de Janeiro:
Elsevier, p. 412-470.

Brum KB, Haraguchi M, Lemos RAA, Riet-Correa F, Fioravanti MCS (2007) Crystal-
associated cholangiopathy in sheep grazing Brachiaria decumbens containing the
saponin protodioscin. Pesquisa Veterinaria Brasileira 27:39-42.

Brun P, Castagliuolo I, Pinzani M, Palu G, Martines D (2005) Exposure to bacterial cell
wall products triggers an inflammatory phenotype in hepatic stellate cells. American
Journal of Physiology — Gastrointestinal and Liver Physiology 289:G571-G578.



55

Caiedo JA, Ospina JC, Chaves CA, Pefa J, Lozano MC, Doncel B (2012) Hepatic
lesions in cattle grazing on Brachiaria decumbens in Mesetas, Meta (Colombia).
Revista de Medicina Veterinaria e Zootecina 59:102-108.

Canbay A, Friedman S, Gores GJ (2004) Apoptosis: the nexus of liver injury and
fibrosis. Hepatology 39:273-278.

Cardona-Alvarez J, Vargas-Viléria M, Paredes-Herbach E (2016) Clinical and
histopathological of the phototoxic dermatitis in zebu calves in grazing of Brachiaria
decumbens. Revista MVZ Cordoba 21:5366-5380.

Chang J, Hisamatsu T, Shimamura K, Yoneno K, Adachi M, Naruse H, Igarashi T,
Higuchi H, Matsuoka K, Kitazume MT, Ando S, Kamada N, Kanai T, Hibi T (2013)
Activated hepatic stellate cells mediate the differentiation of macrophages.
Hepatology Research 43:658-669.

Chen Y, Yu Q, Xu CB (2017) A convenient method for quantifying collagen fibers in
atherosclerotic lesion by ImageJ software. International Journal of Clinical and
Experimental Medicine 10:14904-14910.

Chung ELT, Predith M, Nobilly F, Samsudin AA, Jesse FFA, Loh TC (2018) Can
treatment of Brachiaria decumbens (signal grass) improve its utilization in the diet of
small ruminants? — a review. Tropical Animal Health and Production 50:1727-1732.

Costa SZR, Nespoli PB, Bezerra Junior PS, Nogueira VA, Driemeier D, Boabaid FM,
Peixoto PV, Armién AM, Franca TN (2013) Avaliacao lectino-histoquimica de figado e
rim de ovinos com fotossensibilizacdo causada por Brachiaria decumbens. Pesquisa
Veterindria Brasileira 33(8):955-962.

Cruz C, Driemeier D, Pires VS, Schenkel EP (2001) Experimentally induced
cholangiohepatopathy by dosing sheep with fractionated extracts from Brachiaria
decumbens. Journal of Veterinary Diagnostic Investigation 13:170-172.

David BA, Rezende RM, Antunes MM, Santos MM, Freitas-Lopes MA, Diniz AB,
Pereira RVS, Marchesi SC, Alvarenga DM, Nakagaki BN, Aratjo AM, Reis DS, Rocha
RM, Marques PE, Lee WY, Deniset J, Liew PX, Rubino S, Cox L, Pinho V, Cunha TM,
Fernandes GR, Oliveira AG, Teixeira MM, Kubes P, Menezes GB (2016) Combination
of mass cytometry and imaging analysis reveals origin, location, and functional
repopulation of liver myeloid cells in mice. Gastroenterology 151(6):1176-1191.

Davies LC, Jenkins SJ, Allen JE, Taylor PR (2013) Tissue-resident macrophages.
Nature Immunology 14(10):986-995.

De Oliveira CHS, Barbosa JD, Oliveira CMC, Bastianetto E, Melo MM, Haraguchi M,
Freitas LGL, Xavier MS, Leite RC (2013) Hepatic photosensitization in buffaloes
intoxicated by Brachiaria decumbens in Minas Gerais state, Brazil. Toxicon 73:121-
129.



56

Demarchi JJAA, Manella MQ, Primavesi O, Frighetto RTS, Romero LA, Berndt A, Lima
MA (2016) Effect of seasons on enteric methane emissions from cattle grazing
Urochloa brizantha. Journal of Agricultural Science 8:106-115.

Dey A, Allen J, Hankey-Giblin PA (2015) Ontogeny and polarization of macrophages
in inflammation: blood monocytes versus tissue macrophages. Frontier Immunology
5:683.

Dias-Filho MB, Carvalho CJR (2000) Physiological and morphological responses of
Brachiaria spp. to flooding. Pesquisa Agropecuaria Brasileira 35:1959-1966.

Driemeier D, D6bereiner J, Peixoto PV, Brito MF (1999) Relationship between foamy
macrophages in the liver of cattle and the ingestion of Brachiaria spp. Pesquisa
Veterinéaria Brasileira 19:79-83.

Driemeier D, Barros SS, Peixoto PV, Tokarnia CH, Doébereiner J, Brito MF (1998)
Histologic, histochemical and ultrastructural study of livers and lymph nodes with
foamy macrophages (foam cells). Pesquisa Veterinaria Brasileira 18:29-34.

Driemeier D, Colodel EM, Seits AL, Barros SS, Cruz CE (2002) Study of experimentally
induced lesions in sheep by grazing Brachiaria decumbens. Toxicon 40:1027-1031.

Duvel A, Frank C, Schnapper A, Schuberth HJ, Sipka A (2012) Classically or
alternatively activated bovino monocyte-derived macrophages in vitro do not resemble
CD163/Calprotectin biased macrophage populations in the teat. Innate Immunity
18(6):886-896.

Faccin TC, Brumatti RC, Lima SC, Madureira RC, Fernandes CES, Kommers GD,
Lemos RAA (2015) Economic losses through condemnation of bovine livers in
abattoirs due to fibrosis induced by Brachiaria spp. ingestion. Pesquisa Veterinaria
Brasileira 35:547-541.

Faccin TC, Kommers GD, Galiza GJN, Pupin RC, Madureira RC, Lemos RAA (2016)
Chronic liver disease in cattle associated with ingestion of Brachiaria spp. Ciéncia
Rural 46:2036-2042.

Faccin TC, Riet-Correa F, Rodrigues FS, Santos AC, Melo GK, Silva JA, Ferreira R,
Itavo CCBF, Lemos RA (2014) Poisoning by Brachiaria brizantha in flocks of naive and
experienced sheep. Toxicon 82:1-8.

Fagliari JJ, Okuda HT, Kuchembuck MRG et al. (1993a) Intoxicagcéo natural de bovinos
pela esporidesmina. I. Aspectos epidemioldgicos. Arquivos Brasileiros de Medicina
Veterinaria e Zootecnia 45:263-274.

Fagliari JJ, Passipieri M, Kuchembuck MRG et al. (1993b) Intoxicacdo natural de
bovinos pela esporidesmina. Il. Aspectos clinicos. Arquivos Brasileiros de Medicina
Veterinaria e Zootecnia 45:275-282.



57

Fagliari JJ, Oliveira JA, Kuchembuck MRG et al. (1993c) Intoxicacdo natural de
bovinos pela esporidesmina. Ill. Desenvolvimento ponderal de bovinos intoxicados.
Arquivos Brasileiros de Medicina Veterinaria e Zootecnia 45:283-289.

Fan J, Liu L, Liu Q, Cui Y, Yao B, Zhang M, Gao Y, Fu Y, Dai H, Pan J, Qiu Y, Liu CH,
He F, Wang Y, Zhang L (2019) CKIP-1 limits foam cell formation and inhibits
atherosclerosis by promoting degradation of Oct-1 by REGyY. Nature Communications
10:425.

Fioravanti MCS (1999) Incidéncia, avaliacdo clinica, laboratorial e
anatomopatoldgica da intoxicacdo subclinica por esporidesmina em bovinos.
256f. Tese (Doutorado em Medicina Veterinaria) — Unesp, Botucatu.

Fioravanti MCS, Aradjo EG, Kuchembuck MRG, Fleury LFF, Silva LAF, Laufer R,
Chianchi C (2001) Quantificacdo e caracterizacdo dos macréfagos espumosos
encontrados no figado de bovinos. In: CONGRESSO BRASILEIRO DE BUIATRIA.
Resumos... Campo:Associacao Brasileira de Buiatria , p.133.

Flagyen A, Smith BL, Miles CO (1993) An attempt to reproduce crystal-associated
cholangitis in lambs by the experimental dosing of sarsasapogenin or diosgenin alone
and in combination with sporidesmin. New Zealand Veterinary Journal 41:171-174.

Florindo JB, Silva NR, Romualdo LM, Sila FF, Luz PHC, Herling VR, Bruno OM (2014)
Brachiaria species identification using imaging techniques based on fractal descriptors.
Computers and Eletronics in Agriculture 103:48-54.

Freitas-Lopes MA, Mafra K, David BA, Carvalho-Gontijo R, Menezes GB (2017)
Differential location and distribution of hepatic immune cells. Cells 6:48.

Friedman SL (2004) Mechanisms of disease: mechanisms of hepatic fibrosis and
therapeutic implications. Nature Clinical Practice Gastroenterology & Hepatology
1(2):98-105.

Friedman SL (2008) Hepatic stellate cells: protean, multifunctional, and enigmatic cells
of the liver. Physiology Reviews 88:125-172.

Gayotto LCC, Alves VAF, Mello ES (2000) Figado e vias biliares. In: Filho GB.
Bogliolo Patologia. 62 ed. Rio de Janeiro: Guanabara Koogan, p. 643-699.

Geissmann F, Jung S, Littman DR (2003) Blood monocytes consist of two principal
subsets with distinct migratory properties. Immunity 19(1):71-82.

Gomar MS (2002) Caracteristicas das células espumosas no figado, linfonodos
mesentéricos e intestino de bovinos associado ao consumo de Brachiaria spp.
63f. Dissertacao (Mestrado em Ciéncias Veterinarias) — Universidade Federal do Rio
Grande do Sul (UFRGS), Porto Alegre.



58

Gomar MS, Driemeier D, Colodel EM, Gimeno EJ (2005) Lectin histochemistry of foam
cells in tissues of cattle grazing Brachiaria spp. Journal of Veterinary Medicine
52:18-21.

Gordon S (2003) Alternative activation of macrophages. Nature Reviews
Immunology 3(1):23-35.

Gordon S, Pluddermann A (2017) Tissue macrophages: heterogeneity and functions.
Biomed Central Biology 15:53.

Gracindo CV, Louvandini H, Riet-Correa F, Barbosa-Ferreira M, Castro MB (2014)
Performance of sheep grazing Brachiaria decumbens, Brachiaria brizantha, Panicum
maximum and Andropogon gayanus with different protodioscin concentrations.
Tropical Animal Health and Production 46:733-737.

Graydon RJ, Hamid H, Zahari P, Gardiner C (1991) Photosensitisation and crystal-
associated cholangiohepatopaty in sheep grazing Brachiaria decumbens. Australian
Veterinary Journal 68(7):234-236.

Gressner AM, Weiskirchen R, Breitkopf K, Dooley S (2002) Roles of TGF-beta in
hepatic fibrosis. Frontiers in Bioscience 7:D793-807.

Guillot A, Tacke F (2019) Liver macrophages: old dogmas and new insights.
Hepatology Communications 3(6):730-743.

Hellerbrand C (2013) Hepatic stellate cells — the pericytes in the liver. European
Journal of Physiology 465:775-778.

Heymann F, Tacke F (2016) Immunology in the liver — from homeostasis to disease.
Nature Reviews Gastroenterology & Hepatology 13:88-110.

Heymann F, Peusquens J, Ludwig-Portugall 1, Kohlhepp M, Ergen C, Niemietz P,
Martin C, Rooijen N, Ochando JC, Randolph GJ, Luedde T, Ginhoux F, Kurts C,
Trautwein C, Tacke F (2015) Liver inflammation abrogates immunological tolerance
induced by Kupffer cells. Hepatology 62:279-291.

Jank L, Barrios SC, do Valle CB, Simeédo RM, Alves GF (2014) The value of improved
pastures to Brazilian beef production. Crop and Pasture Science 65:1132-1137.

Jenne CN, Kubes P (2013) Immune surveillance by the liver. Nature Immunology
14:996-1006.

Kinnman N, Hultcrantz R, Barbu V, Rey C, Wendum D, Poupon R, Housset C (2000)
PDGF-mediated chemoattraction of hepatic stellate cells by bile duct segments in
cholestatic liver injury. Laboratory Investigation — Nature 80:697-707.

Komohara Y, Hirahara J, Horikawa T, Kawamura K, Kiyota E, Sakashita N et al. (2006)
AM-3K, an anti-macrophage antibody, recognizes CD163, a molecule associated with



59

an anti-inflammatory macrophage phenotype. Journal of Histochemistry and
Cytochemistry 54:763-771.

Kordes C, Sawitza I, Muller-Marbach A, Ale-Agha N, Keitel V, Klonowski-Stumpe H,
Haussinger D (2007) CD133(+) hepatic stellate cells are progenitor cells. Biochemical
and Biophysical Research Communications 352: 410-417.

Kosmac K, Peck BD, Walton RG, Mula J, Kern PA, Bamman MM, Dennis RA, Jacobs
CA, Lattermann C, Johnson DL, Peterson CA (2018) Immunohistochemical
identification of human skeletal muscle macrophages. Bio-protocol 8(12):e2883.

Kostallari E, Shah VH (2019) Pericytes in the liver. Advances in Experimental
Medicine and Biology 1122:153-167.

Koyama Y, Brenner DA (2017) Liver inflammation and fibrosis. The Journal of Clinical
Investigation 127(1):55-64.

Lajis NH, Abdullah AS, Salim SJ, Bremner JB, Khan MN (1993) Epi-sarsasapogenin
and epi-smilagenin: Two sapogenins isolated from the rumen content of sheep
intoxicated by Brachiaria decumbens. Steroids 58:387-389.

Lalor PF, Adams DH (1999) Adhesion of lymphocytes to hepatic endothelium.
Molecular Pathology 52:214-219.

Lalor PF, Schields P, Grant AJ, Adams DH (2002) Recruitment of lymphocytes to the
human liver. Immunology and Cell Biology 80:52-64

Lelis DL, Renno LN, Chizzotti ML, Pereira CER, Silva JCP, Moreira LGT, Carvalho
FBP, Chizzotti FHM (2018) Photosensitization in naive sheep grazing signal grass
(Brachiaria decumbens) under full sunlight or a silvopastoral system. Small Ruminant
Research 169:24-28.

Lemos RAA, Ferreira LCL, Silva SM, Nakazato L, Salvador SC (1996)
Fotossensibilizacdo e colangiopatia associada a cristais em ovinos em pastagem com
Brachiaria decumbens. Ciéncia Rural 26(1):109-113.

Lemos RAA, Nakazato L, Herrero Junior GO, Silveira AC, Porfirio LC (1998)
Fotossensibilizagdo e Colangiopatia associada a cristais em caprinos mantidos sob
pastagens de Brachiaria decumbens no Mato Grosso do Sul, Brasil. Ciéncia Rural
28:507-510.

Lemos RAA, Salvador SC, Nakazato L (1997) Photosensitization and crystal
associated cholangiohepatopathy in cattle grazing Brachiaria decumbens in Brazil.
Veterinary and Human Toxicology 39:376-377.

Lima FGD, Haraguchi M, Pfister JA, Guimaraes VY, Andrade DF, Ribeiro CS, Costa
GL, Araujo ALL, Fioravanti MCS (2012) Weather and plant age affect the levels of



60

steroidal saponin and Pithomyces chartarum spores in Brachiaria grass. The
International Journal of Poisonous Plant Research 2:45-53.

Lima FGD, Lee ST, Pfister JA, Miyagi ES, Costa GL, Silva RDD, Fioravanti MCS
(2015) The effect of ensiling and haymaking on the concentrations of steroidal saponin
in two Brachiaria grass species. Ciéncia Rural 45:858-866.

Lima FG, Ribeiro CS, Andrade DDF, Guimaraes VY, Wysocki Junior HL, Haraguchi
M, Fioravanti MCS (2009) Braquiaria: fatores que interferem nos niveis de saponina.
Ciéncia Animal Brasileira 1(Supl.):367-372.

Li H, You H, Fan X, Jia J (2016) Hepatic macrophages in liver fibrosis: pathogenesis
and potential therapeutic targets. BMJ Open Gastroenterology 3:e000079.

Low SG (2015) Signal grass (Brachiaria decumbens) toxicity in grazing ruminants.
Agriculture 5:971-990.

Marques NC, Moreira PRR, Bertolo PHR, Gava FN, Vasconcelos RO (2018)
Immunodetection of hepatic stellate cells in dogs with visceral leishmaniasis. Journal
of Parasitology Research 117:1829-1837.

Marra F, Romanelli RG, Giannini C, Failli P, Pastacaldi S, Arrighi MC, Pinzani M, Laffi
G, Montalto P, Gentilini P (1999) Monocyte chemotactic protein-1 as a chemoattractant
for human hepatic stellate cells. Hepatology 29:140-148.

McGuinness PH, Painter D, Davies S, McCaughan GW (2000) Increases in
intrahepatic CD68 positive cells, MAC387 positive cells, and proinflammatory
cytokines (particularly interleukin 18) in chronic hepatitis C infection. Gut 46:260-269.

Mendonca FS, Camargo LM, Freitas SH, Déria RGS, Baratella-Evéncio L, Evéncio-
Neto J (2008) Aspectos clinicos e patologicos de um surto de fotossensibilizagdo
hepatdogena em ovinos pela ingestdo de Brachiaria decumbens (Graminae) no
municipio de Cuiab4, Mato Grosso. Ciéncia Animal Brasileira 9(4):1034-1041.

Miles CO, Wilkins AL, Erasmus GL, Kellerman TS, Coetzer JA (1994) Chemical
composition of biliary crystals from a sheep with experimentally induced geeldikkop.
Onderstepoort Journal of Veterinary Research 61:215-222.

Miles CO, Wilkins AL, Munday SC, Holland PT, Smith BL, Lancaster MJ, Embling PP
(1992) Identification of the calcium salt of epismilagenin.-D-glucuronide in the bile
crystals of sheep affected by Panicum dichotomiflorum and Panicum schinzii
toxicoses. Journal of Agricultural and Food Chemistry 40:1606-1609.

Moreira CN, Moraes M, Garcia EC, Neto SC, Araujo EG, Fioravanti, MCS (2009)
Bovinos alimentados com Brachiaria spp e Andropogon gayanus: alteracdes
histolégicas de figado e linfonodos. Ciéncia Animal Brasileira 10(1):206-218.



61

Moreira PRR, Fernando FS, Montassier HJ, André MR, Vasconcelos RO (2016)
Polarized M2 macrophages in dogs with visceral leishmaniasis. Veterinary
Parasitology 226:69-73.

Mosser DM (2003) The many faces of macrophage activation. Journal of Leucocyte
Biology 73:209-212.

Muniandy KV, Chung ELT, Jaapar MS, Hamdan MHM, Salleh A, Jesse FFA (2020)
Filling the gap of Brachiaria decumbens (signal grass) research on clinic-pathology
and haemato-biochemistry in small ruminants: a review. Toxicon 174:26-31.

Murphy FR, Issa R, Zhou X, Ratnarajah S, Nagase H, Arthur MJ, Benyon C, Iredale
JP (2002) Inhibition of apoptosis of activated hepatic stellate cells by tissue inhibitor of
metalloproteinase-1 is mediated via effects on matrix metalloproteinase inhibition:
implications for reversibility of liver fibrosis. Journal of Biological Chemistry
277:11069-11076.

Murray PJ, Wynn TA (2011) Protective and pathogenic functions of macrophages
subsets. Nature Reviews Immunology 11:723-737.

Mustafa VS, Moscardini ARC, Borges JRJ, Reckziegel GC, Riet-Correa F, Castro, MB
(2012) Intoxicagao natural por Brachiaria spp. em ovinos no Brasil Central. Pesquisa
Veterinaria Brasileira 32(12):1272-1280.

Noordin M, Abdullah AS, Rajion M (1989) Experimental Brachiaria decumbens toxicity
in cattle. Veterinary Research Communications 13:491-494.

Ogliari D, Molossi FA, Savaris T, Wicpolt NS, Zancan |, Gava A (2018) Spontaneous
poisonong by Brachiaria hybrid cv. mulato | in goats and sheep and experimental
poisoning of Brachiaria hybrid cv. mulato Il in sheep. Pesquisa Veterinaria Brasileira
38:229-233.

Opasina BA (1985) Photosensitization jaundice syndrome in West African dwarf sheep
and goats grazed on Brachiaria decumbens. Tropical Grasslands 19(3):120-123.

Othman AM, Yusuff MK, Rahman OA (1983) Jaundice and photosensitization in
indigenous sheep of Malaysia grazing on Brachiaria decumbens. The Malaysian
Veterinary Journal 7:254-263.

Paciullo DSC, Gomide CAM, Leite JLB, Resende H (2016) Tecnologia e custo de
producao de Brachiaria decumbens para uso sob pastejo. Juiz de Fora: Embrapa,
6 p. (Embrapa. Circular Técnica, 111).

Perdiguero EG, Klapproth K, Schulz C, Busch K, Azzoni E, Crozzet L, Garner H,
Trouillet C, Bruijin MF, Geissmann F, Rodewald HR (2015) Tissue-resident
macrophages originate from yolk-sac-derived erythron-myeloid progenitors. Nature
518:547-551.



62

Pires VS, Taketa ATC, Gosmann G, Schenkel EP (2002) Saponins and sapogenins
from Brachiaria decumbens stapf. Journal of Brazilian Chemical Society 13(2):135-
139.

Puche JE, Saiman Y, Friedman SL (2013) Hepatic stellate cells and liver fibrosis.
Comprehensive Physiology 3:1473-1492.

Quinn JC, Kessel A, Weston AL (2014) Secondary plant products causing
photosensitization in grazing herbivores: their structure, activity and regulation.
International Journal of Molecular Sciences 15(1):1441-1465.

Racanelli V, Rehermann B (2006) The liver as an immunological organ. Hepatology
43(2):54-62.

Ramachandran P, Pellicoro A, Madeleine AV, Boulter L, Aucott RL, Ali A, Hartland SN,
Snowdon VK, Cappon A, Gordon-Walker TT, Williams MJ, Dunbar DR, Manning JR,
Rooijen N, Fallowfield JA, Forbes SJ, Iredale JP (2012) Differencial Ly-6C expression
identifies the recruited macrophage phenotype, which orchestrates the regression of
murine liver fibrosis. Proceedings of the National Academy of Sciences 109:186-
195.

Riede UN, Werner M (2014) Collor Atlas of Pathology. New York: Thieme Sttutgart.

Riet-Correa B, Castro MB, Lemos RAA, Riet-Correa G, Mustafa V, Riet-Correa F
(2011) Brachiaria spp. poisoning of ruminants in Brazil. Pesquisa Veterinaria
Brasileira 31:183-192.

Riet-Correa B, Riet-Correa F, Oliveira Junior CA, Duarte VC, Riet-Correa G (2010)
Histologic Lesions in livers and limph nodes in buffalo (Bubalus bubalis) grazing in
Brachiaria spp. Pastures. Pesquisa Veterinaria Brasileira 30:705-711.

Riet-Correa F, Méndez MC (2007) Intoxicacfes por plantas e micotoxinas. In: Riet-
Correa F, Schild AL, Lemos RAA, Borges JRJ. Doencas de Ruminantes e Equideos.
Vol.2. Santa Maria: Editora Pallotti, p.99-219.

Riet-Correa G, Riet-Correa F, Schild AL, Driemeier D (2002) Wasting and death in
cattle associated with chronic grazing of Brachiaria decumbens. Veterinary and
Human Toxicology 44:179-180.

Rockey DC (2001) Hepatic blood flow regulation by stellate cells in normal and injured
liver. Seminars in Liver Disease 21:337-350.

Rosa FB, Rubin MIB, Martins TB, Lemos RAA, Gomes DC, Pupin RC, Lima SC, Barros
CSL (2016) Spontaneous poisoning by Brachiaria decumbens in goats. Pesquisa
Veterinéaria Brasileira 36:389-396.



63

Roészer T (2015) Understanding the mysterious M2 macrophage through activation
markers and effector mechanisms. Mediators of inflammation — Hidawi Publishing
Corporation ID 816460:16p.

Rozza DB, Seitz AL, Bandarra PM, Santos EO, Driemeier D (2004)
Fotossensibilizacdo por Brachiaria decumbens em bufalo. Pesquisa Veterinaria
Brasileira 24(Supl.):55-56.

Saldarriaga OA, Booth AL, Freiberg B, Burks J, Krishnan S, Rao A, Utay N, Ferguson
M, Yi M, Beretta L, Stevenson HL (2019) Multispectral imaging differentiates unique
macrophages profiles in patients with distinct chronic liver diseases. BioRxiv 794610.

Santos Junior HL (2008) Estudo da toxicidade de diferentes estagios de
crescimento da Brachiaria decumbens em ovinos. 69f. Dissertacao (Mestrado em
Saude Animal) — Universidade de Brasilia (UNB), Brasilia.

Saturnino KC, Mariani TM, Barbosa-Ferreira M, Brum KB, Fernandes CES, Lemos
RAA (2010) Intoxicagdo experimental por Brachiaria decumbens em ovinos
confinados. Pesquisa Veterinaria Brasileira 30(3):195-202.

Schenkel EP, Gosmann G, Athayde ML (2004) Saponinas. In: Simées CMO, Schenkel
EP, Gosmann G, Melo JCP, Mentz LA, Petrovick PR. Farmacognosia: da planta ao
medicamento. 52 ed. Porto Alegre:UFRGS p. 711-740.

Schenk MAM, Nunes S G, Silva JM (1991) Ocorréncia de fotossensibilizacdo em
equinos mantidos em pastagem de Brachiaria humidicola. Campo Grande:
Embrapa — CNPGC, 3p. (Comunicado Técnico - Embrapa — CNPGC).

Schindelin J, Arganda-Carreras |, Frise E, Kaynig V, Longair M, Pietzsch T, Preibisch
S, Rueden C, Saalfeld S, Schmid B, Tinevez JY, White DJ, Hartenstein V, Eliceiri K,
Tomancak P, Cardona A (2012) Fiji: na open-source platform for biological-image
analysis. Nature Methods 9(7):676-682.

Schuppan D, Kim YO (2013) Evolving therapies for liver fibrosis. Journal of Clinical
Investigation 123:1887-1901.

Seixas JN, Pinto CA, Rodrigues A, Tokarnia CH, Franca TN, Graga FAS, D’Avila MS,
Peixoto PV (2016) Estudo comparativo das intoxicagbes por Brachiaria spp. e
Pithomyces chartarum em bovinos. Revista Brasileira de Medicina Veterinaria
38(Supl. 2): 1-10.

Shetty S, Lalor PF, Adams DH (2008) Lymphocyte recruitment to the liver; molecular
insights into the pathogenesis of liver injury and hepatitis. Toxicology 254:136-146.

Souza RIC, Riet-Correa F, Brum KB, Fernandes CE, Barbosa-Ferreira M, Lemos RAA
(2010) Intoxicagéo por Brachiaria spp. em bovinos no Mato Grosso do Sul. Pesquisa
Veterinaria Brasileira 30:1036-1042.



64

Silveira JAS, Albernaz TT, Silva e Silva N, Lopes CTA, Cerqueira VD, Oliveira CMCH,
Duarte MD, Barbosa JD (2009) Fotossensibilizagdo hepatégena em caprinos
associada a ingestdo de Brachiaria brizantha no estado do Para, Brasil. Ciéncia
Animal Brasileira 1(Supl.):336-441.

Stalker MJ, Hayes MA (2007) Liver and biliary system. In: Maxie MG. Pathology of
Domestic Animals. 5. ed. Philadelphia: Sounders Elsevier, v.2. p. 297-388.

Subimerb C, Somchai P, Khuntikeo N, Leelayumat C, Morris A, McGrath MS,
Wongkham S (2010) Tissue invasive macrophage density is correlated with prognosis
in cholangiocarcinoma. Molecular Medicine Reports 3:597-605.

Tacke F, Zimmermann HW (2014) Macrophage heterogeneity in liver injury and
fibrosis. Journal of Hepatology 60:1090-1096.

Tokarnia CH, Dobereiner J, Peixoto PV (2000) Plantas toxicas do Brasil. Rio de
Janeiro: Helianthus, 309p.

Tsuchida T, Friedman SL (2017) Mechanisms of hepatic stellate cell activation. Nature
Reviews Gastroenterology & Hepatology 14:397-411.

Vieira NP, Faria PB, Mattos MR, Pereira AA (2011) Condenacao de figados bovinos
na regido Sul do Espirito Santo. Arquivo Brasileiro de Medicina Veterinaria e
Zootecnia 63(6):1605-1608.

Vifias O, Bataller R, Sancho-Bru P, Gines P, Berenguer C, Enrich C, Nicolas JM, Ercilla
G, Gallart T, Vives J, Arroyo V, Rodes J (2003) Human hepatic stellate cells show
features of antigen-presenting cells and stimulate Ilymphocyte proliferation.
Hepatology 38:919-929.

Wynn TA (2008) Cellular and molecular mechanisms of fibrosis. The Journal of
Pathology 214(2):199-210.

Wynn TA, Chawla A, Pollard JW (2013) Origins and hallmarks of macrophages:
development, homeostasis, and disease. Nature 496(7446):445-455.

Zhang CY, Yuan WG, He P, Lei JH, Wang CX (2016) Liver fibrosis and hepatic stellate
cells: etiology, pathological hallmarks, and therapeutic targets. World Journal of
Gastroenterology 22:10512-10522.





