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RESUMO

Este estudo teve como objetivo elucidar os efeitos terapéuticos das
nanoparticulas de ouro esféricas neutras em ratos com leséo hepatica induzida
por alcool e metanfetamina (METH). A lesdo hepética foi induzida por
administracdes via gavagem oral de solucdo alcodlica 30% (7 mg/kg) uma vez
por dia durante 28 dias, seguido de METH (10 mg/kg) nos 20° e 28° dias de
tratamento. Para avaliar o efeito terapéutico, trés doses de GNPs foram
testadas: 724,96 ug/kg, 362,48 pg/kg e 181,48 ug/kg. Apds a realizacao de
testes de Biodistribuicdo as GNPs migraram para figado, baco, bexiga, rins e
cérebro. As GNPs foram absorvidas pelas células de Kupffer no figado,
conforme observado na analise tecidual. O tratamento com GNPs (724,96
Mg/kg) durante o protocolo de exposicdo ao alcool e METH foi associado a
reducdo da esteatose, degeneracdo do corddo hepético, fibrose e necrose,
bem como reducgé&o dos niveis de AST, ALT, TG, MPO, MDA, GSH e citocinas
pro-inflamatorias IL-1B € TNF-a e niveis aumentados de citocinas regulatérias
como a IL-10, quando comparadas com o0 grupo controle positivo alcool +
METH. O tratamento com 724,96 ug/kg de GNPs também reduziu os niveis de
expressdo de TGF-B, FGF-1, SOD-1 e GPx-1 e diminuiu a expressao de
citocinas proé-inflamatérias como IL-1B, TNF-a e MIF. Houve uma diminuicdo na
expressdo de RNAm de pro-colageno tipo | e Il (PCI, PCIIl), fator nuclear
kappa B (NF-KB), a adesao especifica de macrofagos (F4/80), proteina cinase
B (AKT) e fosfatidilinositol-4, 5-bisphosphate 3-cinase (PI3K) no grupo tratado
com alcool + METH + 724,96 ug/kg de GNPs em relagdao ao grupo controle
positivo tratado com alcool + METH. As GNPs reduziram a atividade de células
de Kupffer e células estreladas hepaticas que afetaram o perfil de estimulacao
de citocinas pré-inflamatérias, reducdo do estresse oxidativo e
consequentemente o desenvolvimento de fibrose hepatica por meio da

modulacéo das vias de sinalizacdo da AKT/ PI3K/ERK.

Palavras-chave: nanoparticulas de ouro, 4lcool, metanfetamina,

hepatotoxicidade e células de Kupffer.



ABSTRACT

This study aimed to elucidate the therapeutic effects of gold nanoparticles
(GNPs) in rats with alcohol and methamphetamine-induced hepatic injury (METH).
Hepatic injury was induced by administrations via gavage of 30% alcoholic
solution (7 mg/kg) once daily for 28 days, followed by METH (10 mg/kg) on the
20th and 28th days of treatment. To evaluate the dose-dependent effect, doses of
GNPs were fractionated at 724.96 ug/kg, 362.48 ug/kg and 181.48 ug/kg. After
conducting Biodistribution tests the GNPs migrated to the liver, spleen, bladder,
kidneys and brain. The GNPs were absorbed by the Kupffer cells in the liver, as
observed in the tissue analysis. Treatment with GNPs (724.96 ug/kg) during the
alcohol and METH protocol was associated with reduced steatosis, hepatic cord
degeneration, fibrosis and necrosis, as well as reduced levels of AST, ALT, TG,
MPO , MDA, GSH and proinflammatory cytokines IL-1p and TNF-a and increased
levels of regulatory cytokines such as IL-10, when compared with the positive
alcohol + METH control group. Treatment with 724.96 pg / kg of GNPs also
reduced expression levels of TGF-B, FGF-1, SOD-1 and GPx-1 and decreased
expression of proinflammatory cytokines such as IL-1B, TNF-a and MIF. There
was a decrease in the expression of procollagen type | and 11l mRNA (PCI, PCIlI),
nuclear factor kappa B (NF-KB), macrophage specific adhesion (F4/80), protein
kinase B (AKT) and phosphatidylinositol -4,5-bisphosphate 3-kinase (PI3K) in the
alcohol treated group + METH + 724.96 g / kg of GNPs in relation to the positive
control group treated with alcohol + METH. GNPs reduced the activity of Kupffer
cells and hepatic stellate cells that affected the proinflammatory cytokine
stimulation profile, reduction of oxidative stress and consequently the development

of hepatic fibrosis by modulating AKT / PI3K / ERK signaling pathways.

Keywords: Gold nanoparticles, ethanol, methamphetamine, toxicity and Kupffer

cells.
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1 - INTRODUCAO

O consumo de drogas é universal nas diferentes culturas humanas em
todos os tempos!. O homem pela sua prépria natureza procura alternativas
para aumentar a sensacdo de prazer e diminuir o desconforto e o sofrimento.
Para tanto, utiliza de maneira indiscriminada substancias capazes de modificar
o funcionamento do sistema nervoso, induzindo sensacgdes corporais e estados
psicolégicos alterados2. Entre as substancias que sdo coadministradas com
drogas ilicitas, o etanol é, sem duvida, o quimico mais prevalente responsavel
pelo aumento do nimero de internagdes e mortes hospitalares?.

Segundo relatério da Organizacdo mundial de Saude de 2014, a
probabilidade que o individuo tem de desenvolver cirrose € de 30% tendo o
alcool como um fator que desencadeia a progressdo da doenca?. Transtornos
relacionados ao uso de anfetaminas representam uma parte consideravel da
carga global de doencas atribuiveis a transtornos por uso de drogas, somente
aquelas relacionadas ao uso de opidides. Dados acessiveis mostram que,
entre as anfetaminas, a metanfetamina representa a maior ameacga a saude
global.

O etanol é frequentemente co-utilizado com drogas psico-estimulante,
como metanfetamina ou cocaina?, a fim de aumentar e prolongar os efeitos das
drogas. Além disso, 0 etanol pode alterar a expressdo e/ou a atividade de
algumas enzimas que metabolizam drogas®, incluindo aqueles que estdo
envolvidos no metabolismo da METH. Além disso, os usuarios de METH séo
consumidores regulares de alcool antes de seu primeiro contato com METH®, o
gue pode representar um fator de risco para a interacao toxica entre estas duas
drogas®. Evidéncias sugerem que a coadministracdo de etanol e as
anfetaminas produzem um efeito subjetivo amplificado e estendido’, mas
poucos estudos examinaram o impacto somatico da combina¢do metano-etanol
no cérebro®-10,

A doenca hepética alcodlica (DHA) € a leséo do figado que diz respeito a
uma variedade de alteracdes hepaticas que surgem apds anos de consumo
excessivo de alcool*!. Trata-se de uma doenga multifatorial, complexa e

representa um espectro de doencas e alteracbes morfolégicas que variam
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desde a esteatose, a inflamacdo e necrose hepatica (hepatite alcoodlica) a
fiborose progressiva e cirrose. Além disso, 0 consumo excessivo de alcool
favorece a progressao de outras patologias hepaticas, tais como as hepatites
virais C e B e o carcinoma hepatocelular (CHC)?*?.

Trés mecanismos foram propostos para desenvolvimento da leséo
hepatica alcodlica: (I) toxicidade do acetaldeido®; (II) geracdo metabdlica de
espécies reativas de oxigénio (ROS) ou exposi¢do ao estresse oxidativo#®; e
(1) estresse oxidativo em hepatdcitos causado por resposta imune®’, Assim,
0 estresse oxidativo é sem duvida uma forgca motriz na doenca hepética
alcoolica, pois da inicio a peroxidacdo lipidica que danifica diretamente o
plasma e as membranas intracelulares e induz a producdo de grupos aldeidos
reativos com potentes propriedades proé-inflamatoérias e pro-fibréticas?®.

Estudos recentes indicaram que a etiopatogenia da DHA esta
profundamente ligada ndo s6 com o metabolismo do etanol mas também com o
stress oxidativo, a deplecdo de glutationa, inducdo mediada pelo etanol da
libertacdo de endotoxinas do intestino e consequente ativacao das células de
Kupffer e as células estreladas hepaticas®®.

A doenca hepatica alcodlica engloba varios estagios, assim 0 seu
espectro € diverso e inclui: a esteatose hepatica alcodlica, hepatite alcodlica,
fibrose alcodlica, cirrose alcodlica e hepatocarcionoma. Estes estagios ndo sao
necessariamente fases distintas da evolugdo da doenca, mas sim, varias
etapas que podem estar presentes simultaneamente num dado individuo, sob a
influéncia de inimeros fatores de risco®.

A esteatose € a manifestacdo mais precoce, mais frequente e menos
grave da doenca alcodlica hepética, que compromete o parénquima hepatico e
caracteriza-se pela acumulacdo de gordura nos hepatécitos, decorrente do
consumo crénico do etanol?-2,

A hepatite alcoolica é um processo inflamatorio associado a necrose
hepatocitaria, resultante do consumo excessivo de alcool e considerada como
uma lesao pré-cirrética. Desta forma, a hepatite alcodlica é caracterizada pela
infiltracdo do figado por células inflamatérias e lesdes hepatocelulares,
podendo-se desenvolver em pacientes com esteatose e sendo associada a

fibrose progressiva®?.
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A fibrose hepatica alcodlica pode ser definida como uma resposta de
cicatrizacdo as lesdes hepaticas desencadeadas pelo abuso crénico de etanol
e € caracterizada por uma deposicdo excessiva de matriz extracelular, que
inclui trés grandes familias de proteinas: glicoproteinas colageno e
proteoglicanos?3,

O etanol promove a fibrinogénese tanto através do seu metabdlito
primario, o acetaldeido, assim como pelo desenvolvimento de ROS, que ao
originar estresse oxidativo ativa as células de Kupffer, aumentando a producéo
de citocinas proé-inflamatérias e consequente ocorre a ativagdo das células
estreladas hepaticas. Nesta sequéncia, as células hepaticas estreladas,
localizadas no espaco de Disse, e quando ativadas, proliferam-se e adquirem
as caracteristicas de miofibroblastos?3?4. Neste contexto, a deposicdo
excessiva da matriz extracelular € resultante do desequilibrio entre a
fibrinogénese e a fibrose no figado, sendo que a deposicdo de matriz
extracelular passa a ser maior que a sua remocao, principalmente a nivel de
colageno tipo | e Il, mas também proteoglicanos e glicoproteinas?®.

Na lesdo hepatica, as células de Kupffer ativadas liberam varios agentes
sollveis, incluindo citocinas, como TGF-B e TNF-a?® e o fator nuclear kappa B
(NF-kB) transloca-se para o ndcleo, na qual se liga ao promotor de genes alvo,
como o TNF-a e outras citocinas pré-inflamatérias?’. Esses fatores atuam nas
células estreladas hepaticas (HSC), localizadas no espaco parassinusoidal?®. A
fosfatidil-inositol - 4, 5 - bisfosfato 3 - cinase ativada (PI3-K) participa na
regulacdo da migracéao, proliferacdo, secrecao e adesao de colageno de HSC
além de estar envolvida na regulacdo de varias respostas celulares, como o
crescimento celular, sobrevivéncia e migracdo. A proteina quinase B (AKT ou
PKB) esta a jusante de PI3-K e a ativacdo de AKT esta associada a
proliferacdo de HSC e a transcrigéo e tradugdo de colageno a1 (1)%°.

Nanoparticulas esféricas de ouro funcionalizadas (GNPs) com
propriedades geométricas e Opticas controladas sao objeto de estudos
intensivos e aplicagbes biomédicas, incluindo genbmica, biossensores,
imunoensaio quimico®%-3!, fototerapia a laser de células cancerigenas®?, a
entrega direcionada de drogas®?, DNA e antigenos®*, bio-imagem oéptica e o
monitoramento de células®® e tecidos com o uso de sistemas de deteccédo de

ultima geracéo.
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A biosseguranca do ouro metalico € bem compreendida e tem sido
utilizada in vivo desde a década de 19503%. A investigacdo da citotoxicidade
dos GNPs concentra-se em seu tamanho, forma, doses e ligantes
circunvizinhos, sendo aqueles quimicamente positivos e negativos
responsaveis por causar danos as células através de alteracdes oxidativas no
potencial de membrana mitocondrial®’-38, As GNPs neutras esféricas sdo mais
adequados para aplicacao biomédica devido a sua incapacidade de remover
elétrons de moléculas, como lipidios de membrana e mitocéndrias, além de ndo
gerar radicais livres3°-40,

Macrofagos locais, como as células de Kupffer, ingerem materiais
estranhos, como patdgenos e nanoparticulas, e recrutam macréfagos
adicionais para o microambiente inflamado, produzindo citocinas, incluindo
TNF-q, IL-6 e TGF-B, que regulam positivamente o processo inflamatoério*!. As
nanoparticulas positivamente carregadas sao preferencialmente absorvidas por
macrofagos derivados de mondcitos e células de Kupffer que possuem um
fenotipo tipo M2 que produz alto nivel de TGF-B*2.

Nesse contexto, macréfagos como as células de Kupffer, portanto, ndo
apenas representam alvos atraentes para a nanomedicina na doenca hepatica,
mas também precisam ser considerados como potenciais eliminadoras de
particulas em qualquer tipo de administracdo parenteral de nanoparticulas.
Como tal, a alteragcdo do comportamento das células de Kupffer que pode
afetar o progresso de disturbios relacionados a inflamacao. Portanto, o objetivo
do presente trabalho foi avaliar o efeito anti-inflamatoério, antioxidante e anti-
fibrético das GNPs em um modelo animal de lesédo hepatica induzida por etanol
e METH.
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2 - OBJETIVOS

2.1 - Objetivo geral

Investigar os efeitos anti-inflamatdérios, antifibréticos e antioxidantes das
Nanoparticulas de ouro esféricas em figado de Ratos Wistar com leséo

hepatica induzida pela associa¢do do alcool e metanfetamina.

2.2 - Objetivos especificos

1 - Analisar a atividade anti-inflamatoria das nanoparticulas de ouro através da
guantificacdo de citocinas como IL-13, TNF-a e IL-10 em figado de ratos no

modelo de injuria hepéatica.

2. Averiguar os niveis de mieloperoxidase (MPO) e do estresse oxidativo como
malonaldeido (MDA) e a glutationa reduzida (GSH) no figado dos animais

submetidos a diferentes doses de GNPs.

3. Avaliar alteracdes histo-morfolégicas provocadas através da exposicdo dos

animais as GNPs, alcool e metanfetamina.

4. Analisar alteracdes da funcéo hepatica atraves dos marcadores AST, ALT e
TG.

5. Analisar o perfil anti-fibrético, através do estudo da atividade das células

estreladas, e a participacdo da via AKT-PI3K-ERK1/2 no figado.

6. Observar o perfil de Biodistribuicdo das GNPs 48hs apds a administracdo a
nivel sistémico, em tecido hepatico e nas células de Kupffer.



20

3 = JUSTIFICATIVA

Entender os mecanismos deletérios no figado causados pelos metabdlitos
do alcool e da METH, uma combinacéo cada vez crescente por jovens dos 16
aos 30 anos de idade como drogas recreativas*), sdo de fundamental
importancia para pesquisa de novos farmacos que atenuem ou blogueiem
esses efeitos, visto que a agressédo causada pela combinagéo cronica dessas
substancias quimicas leva ao desenvolvimento de esteato-hepatite, uma

condicéo inflamatéria grave como faléncia das atividades funcionais do 6rgao*.

A Nanomedicina tem promovido o desenvolvimento de sistemas eficazes
para carrear drogas, modificando o perfil farmacocinético do farmaco, assim
como, diminuindo os efeitos colaterais dos mesmos*°, sendo as GNPs sistemas
promissores para esse fim. Além disso, entender as vias de sinalizagdo que
deflagram a inflamacdo e consequentemente a fibrose em modelo animal
tornam este estudo de grande relevancia cientifica, j& que abrird inferéncias
para novos sistemas de associacdo de droga, visto que ainda ndo se tem
conhecimento do uso das GNPs para o tratamento de Doenca Hepatica

Alcodlica associada a METH.
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4 — MATERIAIS E METODOS

4.1 - Produtos Quimicos

O Alcool etilico absoluto (PA 99,8%) foi obtido da Vetec Quimica, Brasil. A
metanfetamina foi adquirida da Fisher Scientific, de acordo com a lei 10.357 de
27 de dezembro de 2001, que estabelece regras para producdo, controle e
inspecao de substancias quimicas.

As células de macréfagos de murinos (RAW 264.7; cat. No.TIB-71) foram
obtidas na American Type Culture Collection (Manassas, VA, EUA). O meio de
Eagle modificado por Dulbecco (DMEM) foi adquirido da Invitrogen Corporation
(Carlsbad, CA, EUA); soro bovino fetal da Hyclone Company (Logan, UT,
EUA).

Anticorpos anti-TGF-B, FGF, SOD-1, GPX, IL-1-B, TNF-B e MIF foram
obtidos de Santa Cruz Biotechnology Enterprise, Brasil o anticorpo secundario
conjugado com estreptavidina-HRP (Biocare Medical, Concord, CA, EUA), Kit
Trek Avidin-HRP Label + Kit (Biocare Medical, Dako, EUA), IL-13, IL-10, TNF-a
e ELISA (R & D Systems, Minneapolis, MN, USA) também foram utilizados

neste estudo.
4.2 - Cultura de células

Células de macrofagos RAW 264.7 foram cultivadas em meio DMEM com
10% de soro bovino fetal. As células foram semeadas a uma densidade de
5x10* células por poco em placas de 6 pocos e atingiram 50-60% de
confluéncia 24 h apds semeadas, imediatamente antes da exposicdo a
concentragdo nao citotoxica de GNPs em 10 pg/mL para tratamentot. As
células foram mantidas em incubadora de CO? a 5% a 37°C e com 95% de
umidade. As células foram subsequentemente analisadas por um microscopio

de contraste de fase.
4.3 - Imuno-Fluorescéncia — In Vitro

As células de macréfagos RAW 264.7 foram plaqueadas em placas de 24
pocos (5 x 10* células) e deixadas a crescer durante 24 h. As células foram
entdo lavadas, fixadas com 1% de paraformaldeido, permeabilizadas com
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Triton-X e incubadas com 100 pL de GNPs e 4, 6-diamidino-2-fenilindol foi
usado para coloracdo nuclear por 10 minutos em atmosfera Umida a
temperatura ambiente. Experimentos de controle foram realizados sob as
mesmas condi¢bes, mas sem a adicdo de GNPs. As placas de vidro foram
entdo diretamente observadas com o microscépio de fluorescéncia - Leica
DM5500 B (configurac@es de filtro: TXR, Cy7, FITC e DAPI), equipado com um
condensador usando excitacao a laser de 512 a 542 nm.

4.4 - Animais

Ratos Wistar machos, pesando entre 270g - 300g, obtidos do biotério do
departamento de farmacologia da Universidade Federal do Rio Grande do
Norte, Natal, Brasil, foram utilizados para experimentos. Os animais foram
alojados em gaiolas com livre acesso a alimentos e agua em ambiente
controlado de temperatura e umidade sob um ciclo claro/escuro de 12 horas.
Os animais foram tratados de acordo com o0s principios éticos para
experimentacdo animal. Todos os experimentos foram aprovados pelo Comité
de Etica da UFRN (nimero de aprovacdo: 018/2015).

4.5 - Preparacao e administracao de etanol

Utilizou-se 7g por kg de peso corporal de solucdo de etanol a 30% v/v
como dose crbnica neste modelo animal, 30g de etanol absoluto foram
dissolvidos em agua destilada e completados até 100 ml e 6,2 ml da solucéo
foram administrados diariamente durante 28 dias a cada rato tratado com

etanol?’.
4.6 - Preparacéo e administragcdo de metanfetamina

Para a metanfetamina utilizou-se a dose de 10 mg/kg, na qual foram
diluidos 25 mg de metanfetamina em 10 ml de agua destilada. Cada animal

recebeu 0,1 ml desta solucéo, o que corresponde a 2,5 mg em cada dose*.
4.7 - Producédo de nanoparticulas de ouro

GNPs foram obtidas em parceria com o Departamento de Quimica da
Universidade Federal do Rio Grande do Norte. Essas GNPs séo produzidos

conforme descrito por®°,
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Primeiro, o Au®* foi reduzido por glicerol em meio alcalino e a
polivinilpirrolidona foi usada para estabilizar as nanoparticulas de ouro. O HCI
diluido foi entdo adicionado para levar o pH da solucdo a 7 e gerar GNPs
neutras. Considerando a transformacdo quantitativa de ions de ouro em
nanoparticulas, a concentracdo de GNPs foi estimada em 197 ug/mL*. A
mistura final tem uma cor vermelho-escura devido a formacdo de GNPs de 7,4

+ 1,6 nm de tamanho.

Utilizou-se um sistema Zeta-Meter 3.0+ (Zeta-Meter Inc., EUA) a uma
temperatura de 25 + 2 °C para determinar a mobilidade eletroforética da
solugcéo coloidal de GNPs (20 mL). O potencial zeta foi calculado usando a

equacao de Smoluchowski:

= HENO
£o&r
Onde PE é a mobilidade eletroforética, onde no € a viscosidade de fase
continua, €o é a permitividade de um vécuo e r é a permeabilidade relativa da

fase continua.
4.8 - Dosagem e administracdo de nanoparticulas de ouro

As doses de GNPs foram escolhidas através de um projeto piloto, as
doses de 700 pg/kg, 1000 pg/kg e 1.500 pg/kg foram testadas. A dose 700
Mg/kg apresentou melhores resultados na diminuicdo das citocinas
inflamatdrias IL-1B e TNF-a8. A dose de 700 ug/kg foi utilizada para calcular as
doses a serem utilizadas no experimento, com base em uma formulacdo de
nanoparticulas de ouro com concentragdo de 197 ug/mL.

As doses foram ajustadas para que, para todos os grupos tratados por via
oral por sonda esofagica, o volume final utilizado fosse padronizado em 1ml. A
fim de avaliar o efeito terapéutico, as doses foram fracionadas em 3:
comecando com a dose mais alta: 724,96 pg/kg (GNP3); uma dose
intermediéria correspondente a 362,48 ug/kg (GNP2); a terceira dose: 181,48
ug/kg (GNPL).

4.9 - Inducéo de etanol e lesdo hepética induzida por metanfetamina

O protocolo para indugdo de leséo hepatica desenvolvido através da

exposicdo ao alcool e METH é resumido abaixo.
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1). Administracdo do tratamento 1 hora antes da administracdo de etanol
(30%). Cada tratamento tem trés doses a serem testadas (o volume

administrado dependera do peso médio dos animais).

2). Ap6s 1 hora da administracdo do tratamento, 30% de etanol deve ser

administrado. A dose de etanol é de 7 g/kg;

3). Salina (NaCl 0,9%) deve ser administrada uma vez por semana, a cada seis
dias, durante a primeira e segunda semana de inducéo de lesédo hepética; isto
deve ser administrado apos 3 horas de administracdo da solucédo de etanol a
30%. Esta solucdo salina ira simular a metanfetamina usada na 32 e 42

semana.
4). Repita os passos 1 e 2 durante 7 dias.

5). Repita 0 passo 3 uma vez por semana, a cada 7 dias, totalizando 28 dias de

inducéo de lesdo hepética.

A eutanasia foi realizada no 29° dia por injecdo intraperitoneal de
Ketamina 50 mg/mL e Xilazina 20 mg/mL. Todos os grupos de animais foram
mantidos em jejum por 12 horas para realizar a analise bioquimica
subsequente. Uma vez inconsciente, os animais foram submetidos a puncao

cardiaca seguida de remocéo do figado.

Fragmentos de figado foram congelados a -80 °C para analise de
citocinas e estresse oxidativo, quantificacdo de proteinas via Western blot, RT-
PCR e biodistribuicdo. Outros fragmentos de figado foram imersos em

formalina tamponada a 10% para andlise histopatolégica.
4.10 - Biodistribuicdo de nanoparticulas de ouro
Conjugacao de fluorescéncia do infravermelho proximo (NIR) para os GNPs

As GNPs foram conjugadas com o grupo tiol do cloridrato de poli
(etilenoglicol) alfa-amino-omega-mercapto (SH-PEG-NH2, PM 3.000 g/mol)
durante 3 h a temperatura ambiente. O excesso de SH-PEG-NH? néo
conjugado foi removido por dialise (durante trés dias numa membrana Spectra /
MWCO: 6-8000) contra citrato de sodio 2,2 mM. Os PNB-PEG-NH2 foram
acoplados ao éster NHD do IRDye® 680RD em tampédo de bicarbonato (pH
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8,1) durante 12 h a temperatura ambiente. O complexo de GNPs-PEG-IRDye
foi entdo purificado por dialise (durante quatro dias numa membrana Spectra /
MWCO: 6-8000) contra citrato de sodio 2,2 mM e a solugéo foi mudada duas

vezes por dia.
Imagens de fluorescéncia ex vivo dos principais 6rgaos e quantificacao

Ratas fémeas BALB com 6 semanas de idade (n = 3-4). (Charles River,
Franca) receberam injecdo 1.V de GNPs as trés concentracdes diferentes
testadas (GNP1, GNP2 e GNP3). Apos 48 h, todos os principais érgaos foram
coletados para imagem de fluorescéncia ex vivo. As imagens foram adquiridas
a 700 nm com uma resolugcdo de 85 mm. Os dados foram analisados no
software Pearl Impulse, versao 3.01 (LI-COR Biosciences, Lincoln, NE, EUA). A
intensidade total da fluorescéncia foi determinada desenhando uma regido de

interesse (ROI).
4.11 - Atividade antioxidante das GNPs

O efeito antioxidante das GNPs foi avaliado através do consumo de GSH,
formacédo de MDA e inibicdo da MPO. Amostras de figado foram colhidas como
descrito acima e armazenadas a -80°. Apdés homogeneizacdo e centrifugacéo
(2000 x g por 20 min), a atividade de MPO foi determinada por um método
colorimétrico previamente descrito. Os resultados sao relatados como unidades
de MPO por grama de tecido.

Para quantificar o aumento de radicais livres na amostra hepéatica, o
conteudo de MDA foi medido pelo ensaio descrito por Araujo et all., 2016. As
amostras de fado foram suspensas em tampao de Tris HCI 1: 5 (p/v) e picadas
com uma tesoura durante 15s numa placa arrefecida com gelo. A suspenséao
resultante foi homogeneizada durante 2 min com um homogeneizador de Potter
automatico e centrifugada a 2500 x g a 4 durante 10 min. Os sobrenadantes
foram utilizados para determinar o teor de MDA. Os resultados sdo expressos
como nanomols de MDA por grama de tecido.

Os niveis de GSH nos tecidos do figado foram medidos como
antioxidantes. O conteldo de GSH foi medido pelo ensaio descrito por5252,
Amostras de figado (5 por grupo) foram armazenadas a - 80 °C até o uso.

Homogenatos de tecido do figado (0,25 mL de uma solugcédo de tecido a 5%
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preparada em 0,02 M de EDTA) foram adicionados a 320 mL de agua destilada
e 80 mL de TCA a 50%. As amostras foram centrifugadas a 3000 rpm durante
15 min a 4. O sobrenadante (400 mL) foi adicionado a 800 mL de tampéao Tris
0,4 M a pH 8,9 e 20mL de DTNB 0,01 M. A absorbancia de cada amostra foi
medida a 420 nm e os resultados foram reportados como unidades de GSH por

miligrama de tecido.
4.12 - Andlise de citocinas

Amostras de figado (trés amostras por grupo) foram armazenadas a — 80
°C até o uso. O tecido foi homogeneizado e processado conforme descrito
por®°, Niveis de IL-1B (faixa de deteccdo: 62,5 - 4000 pg/mL; sensibilidade ou
limite inferior de detecgdo [LLD]: 12,5 ng/mL de IL-18 recombinante de
camundongo), IL-10 (faixa de deteccédo: 62,5 - 4000 pg/mL; sensibilidade ou
LLD: 12,5 ng/mL de IL-10 de camundongo recombinante) e TNF - a (faixa de
deteccdo: 62,5 — 4000 pg/mL; sensibilidade ou LLD: 50 ng/mL de TNF-a de
camundongo recombinante) no figado as amostras foram determinadas com
um kit ELISA comercial (R & D Systems, Minneapolis, MN, EUA), como
descrito anteriormente. Todas as amostras estavam dentro do comprimento de

onda utilizado na espectrofotometria UV-VIS (absorbéancia medida a 490 nm).
4.13 - Andlise histolégica do parénquima hepatico

As amostras de figado foram fixadas em formol tamponado a 10%,
desidratadas e embebidas em parafina. Sec¢gdes de 5 um de espessura foram
obtidas para coloragdo com hematoxilina-eosina (H&E) e examinadas por
microscopia de luz (40x, Nikon E200 LED). Trés seccdes do figado (seis
animais por grupo) foram analisadas por dois patologistas. A patologia hepatica
foi classificada como se segue: esteatose (a porcentagem de células de figado
contendo gordura): <25 % =1,<50 % =2, <75 % = 3, > 75 % = 4, inflamacé&o
e necrose foram analisadas contando-se os focos encontrados: 1 foco por
campo de baixa poténcia; 2 ou mais focos. A patologia foi pontuada de maneira
duplo-cega por um dos autores e por um especialista externo em patologia do

figado de roedores.

Os cortes histolégicos foram corados pelo kit de coloracdo picrosirius red

(1% de Sirius red em &cido picrico saturado; EasyPath, Indaiatuba, Brasil) por
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24 h, ou hematoxilina e eosina (Easypath) e examinados sob microscopia de
luz (Nikon Eclipse 2000 equipado com Nikon DS- Fi2; Nikon Corporation,
Toquio, Japao). Para fins de analise quantitativa, foram analisados o contetdo
de colageno, amostrados aleatoriamente em 200 amostras de microscopio de
luz (200X) por espécime hepético, incluindo grandes veias centrolobulares e
grandes espacos portas (= 150 mm). Cerca de 20 imagens de microscopia de
luz polarizada usando um microscépio Olympus BX60 (Olympus, Toquio,
Japao) (200X) por espécime foram capturadas e analisadas usando um
sistema de deteccdo de limiar de cor desenvolvido no ImageJ (National
Institutes of Health). Controles positivos e negativos conhecidos foram incluidos
em cada lote de amostras. A reatividade tecidual em todos os grupos (controle
negativo, controle positivo e grupos tratado com GNPs) foi avaliada. Os valores
S840 expressos como porcentagem da area positiva. As medidas do indice de
contraste foram obtidas a partir da area selecionada x 100/area total
posicionada através das regifes de interesse (trés amostras por animal). Além
disso, a fibrose hepética foi quantificada usando o sistema de pontuacéo de®*:
nivel O indicando auséncia de fibrose; o nivel 1 indicou aumento da area do
espaco porta; o nivel 2 foi atribuido a expanséao fibrosa da maioria das areas do
espaco porta; o nivel 3 foi atribuido a I6bulos com expanséo fibrosa da maioria
das areas do portal com portal ocasional para a ponte do portal; o nivel 4 foi
atribuido a I6bulos com expanséao fibrosa da maioria das areas do portais com
ponte marcada; o nivel 5 foi atribuido a I6bulos com ponte marcada (de um
espaco porta a outro ou espaco porta para veia central) com noédulos

ocasionais (cirrose incompleta); nivel 6 para Cirrose nos lobulos.

Coletou-se amostras de sangue do rato e centrifugou-se a 3000 g durante
10 min e os sobrenadantes resultantes foram utilizados para medir o nivel de
alanina aminotransferase no sangue (ALT), aspartato aminotransferase (AST)
para avaliar a lesdo hepatica induzida pelo alcool. Utilizou-se solucdo de
proteina citosolica do figado para medir a concentracdo de triglicerideos
hepéaticos (mg/g de proteina total do figado) como marcador do excedente
lipidico induzido pelo alcool no figado. Os niveis de ALT, AST e triglicérides
hepéaticos foram medidos com um analisador automatico (FDC4000; Fuiji

Medical Systems, Toquio, Japao).



28

4.14 - Microscopia eletrénica de transmisséao

Para avaliar a captacdo das GNPs pelas células hepaticas, foram
retirados fragmentos de 0,5 cm das amostras de cada tratamento e foram
criofixadas em Solucdo de Karnovisky (2,5%) e paraformaldeido (2,5%) em
tampao de cacodilato 0,1 M por aproximadamente 4 horas 4°C. Apés a fixacao,
o material foi lavado com 4x cacodilato de sddio (15 min cada banho). Uma
gota de 1,6% de Ferrocianeto de Potassio (FCK) e 2% de Tetroxido de Osmio
por 1 h em camara escura foi adicionada, seguida por 2 lavagens com
cacodilato de sodio 0,1 M por 15 min e duas lavagens com &agua destilada.
Contraste “em bloco” com 0,5% de acetato de uranila em camara escura por 2
h sob refrigeracdo, desidratado com acetona em diferentes concentragoes,
infiltrado e incluido em resina. As secdes ultra-finas (1um) sao coradas com
azul de toluidina e examinadas sob microscépio eletrbnico de transmissao
Zeiss, modelo EM 902 a 80Kv.

4.15 - Coloracédo Imuno-histoquimica

Cortes de figado de 4 um foram adicionados a cada grupo com micrétomo
e transferidas para as laminas revestidas com gelatina. Cada parte de tecido foi
entdo desparafinizada e reidratada. Como as fibras de couro foram lavadas
com Triton X-100 a 0,3% em fosfato e peroxidase enddgena (peroxido de
hidrogénio a 3%). As secregdes teciduais foram incubadas durante a noite a
4°C com anticorpos primarios (Santa Cruz Biotecnologia, Interprise, Brasil)
contra TGF-B, FGF, SOD-1, GPX-1 e IL-1B. Testes de diluicao (3 diluigdes)
foram realizados com todos os fragmentos para identificacdo de 1:800; 1:600;
1:800; 1:1000 e 1:600, respectivamente. As fibras foram lavadas com fosfato e
incubadas com uma enzima conjugada com estreptavidina/HRP (Biocare
Medical, Concord, CA, EUA) durante 30 min. A imunorreatividade as varias
proteinas foi visualizada com um kit de deteccdo baseado em colorimetria
seguindo o protocolo do fabricante pelo fabricante (TrekAvidin-HRP Label + Kit
da Biocare Medical, Dako, EUA). As seccOes foram contrastadas com
hematoxilina. Controles positivos foram incluidos em cada conjunto de
amostras. Microscopia de planimetria (LED da Nikon E200, Departamento de

Morfologia/lUFRN) com objetiva de alta poténcia (40x) foi utilizada para marcar
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uma restricdo da imunomarcacao celular: 1 = auséncia de células positivas; 2 =
Numero minimo de imagens positivas ou células isoladas; 3 = numero
moderado de células positivas; e 4 = grande nimero de células positivas. As

analises foram avaliadas por dois examinadores treinados.
4.16 - Microscopia de Imuno-Fluorescéncia

Trés sec¢bes de tecido de cada animal (seis animais por grupo) foram
desparafinizadas em xilol e lavadas numa série de concentracdes de etanol e
PBS. A recuperacéo do antigénica foi realizada com citrato de sédio 10mM com
Tween 20 a 0,05% durante 40 min a 95°C. O background da autofluorescéncia
foi reduzido pela incubacdo das partes em 0,1% do Sudan Black em &lcool a
70% por 40 min em temperatura ambiente. As sec¢bes foram incubadas
durante a noite com os anticorpos primarios anti-IL-13, TNF-B e MIF (1: 200, 1:
400 e 1: 400 Abcam, EUA e Santa Cruz Biotechnology, EUA, respectivamente),
em solucdo de bloqueio 1% de soro de cabra normal; Abcam, USA e Santa
Cruz Biotecnologia, EUA, respectivamente), lavadas com PBS 0,2% triton X-
100 durante 5 min e incubadas com anticorpo conjugado de cabra com Alexa
Fluor 488 (1:500 em BSA 1%) e contra coloracdo nuclear DAPI (Sigma, EUA).
Finalmente, como as sec¢des foram montadas com o meio Vecta shield.

Imagens fluorescentes foram obtidas conforme descritas por.
4.17 — Analise da Expresséao de proteinas através de Western blot

Os fragmentos de tecido foram macerados em nitrogénio liquido e
seguido de adicdo do tampao de RIPA (25 mM Tris-HCL, pH 7,6; 150 mM
NaCl; 5 mM EDTA; 1% NP40; 1% triton X-100; 1% de so6dio desoxicolato; 0,1%
SDS) e inibidor de protease (1 de inibidor: 100 de RIPA). Para extracdo de
proteinas as amostras foram centrifugadas (17 min, 4x a 13000 RPM) e o
sobrenadante foi recolhido. As moléculas de proteina foram separadas através
do ensaio de acido (Thermo Fisher Scientific) de acordo com o protocolo do
fabricante. Um gel de poliacrilamida-SDS (10% ou 8%) foi utilizado com 50 pum
de proteina (preparado anteriormente com tampas de amostra, BioRad e
desnaturado a 95 durante 5 min). Em seguida, a proteina foi transferida para
uma membrana de PVDF (BioRad) por 2 h, bloqueada com 5% de BSA por 1 h,

incubada durante a noite com um anticorpo primario (camundongo anti-3
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actina, sc-81178, 1:500, Santa Cruz Biotecnologia anti-TGF-, sc 80346 de
rato, 1:200, Biotecnologia Santa Cruz, anti-ERK1/ERK2 de rato, 136200, 1:500,
Invitrogen, anti-lba-1 de cabra, ab107159 Abcam), um anticorpo secundario
(anti-coelho de cabra, 656120, Invitrogen, 1:1000, IgG anti-murino de cabra,
626520, Invitrogen, 1:500, ou anti-cabra de coelho, A16142, Invitrogen, 1:1000)
durante 1 he 30 min. As membranas foram incubadas utilizando o sistema ECL
de acordo com as instrucbes do fabricante (BioRad) e o sinal de
quimiluminescéncia foi detectado utilizando o sistema ChemiDocTM XRS
(BioRad). A quantificacdo densitométrica das bandas foi realizada através do
software ImageJ (NIH, Bethesda, MD, EUA).

4.18 - Andlise da expressdo de mRNA

O RNA total foi extraido do tecido do figado com reagente trizol
(Invitrogen Co. USA) e o Sistema de Isolamento de RNA Total SV (Promega,
Madison, WI1). O DNAc de primeira cadeia foi sintetizado a partir de 1 pug de
RNA total com o Sistema de Transcriptase Reversa ImProm-1ITM para RT-PCR
(Promega), de acordo com o protocolo do fabricante. Analises de PCR
guantitativa em tempo real dos mRNAs de GAPDH, PCI, PCIIl, NF-K@B, F4/80,
AKT e PI3K foram realizadas com SYBR Green Mix no sistema Applied
Biosystems 17500 FAST (Applied Biosystems, Foster City, CA), de acordo com
um protocolo padréo com os seguintes primers da tabela 1.

O gene de referéncia para normalizacao foi selecionado de uma analise
de 18S (sequéncia GenBank NM_003286.2), ubiquitna C (UBC,
NM_021009.4), B-actina (ACTB, NM_001101.3) e gliceraldeido-3-fosfato
desidrogenase (GAPDH, NM_002046.3) genes. GAPDH foi escolhido como o
gene de referéncia porque nao apresentou diferentes padrdes de
amplificacdo®. Como é um gene constitutivo para eucariotos, o gene de
referéncia ndo deve ser modificado na doenca.

Todas as analises foram realizadas em um instrumento PCR de tempo
real rapido 7500 (Applied Biosystems, CA, EUA). As condi¢Beses padrdes de
PCR foram as seguintes: 50 °C durante 2 min e 95 °C durante 10 min, seguido
por quarenta ciclos de 30 s a 94 °C uma temperatura de iniciador de hibridacao
variavel durante 30s e 72°C durante 1 min. As rea¢fes foram realizadas em
duplicata, de acordo com o protocolo padrao de PCR TagMan® (Applied
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Biosystems, Foster City, CA, EUA) em um volume total de 10 pyL contendo
aproximadamente 20 ng de cDNA. Valores médios de CT foram usados para
calcular os niveis relativos de expressdo dos genes alvo para 0S grupos
experimentais, em relagdo aqueles no grupo controle negativo; os dados de
expressdo foram normalizados em relacdo ao gene de manutencdo GAPDH

usando a férmula 2-2ACt,
4.19 - Andlise estatistica

Os dados séo apresentados como médias com seus erros padrao (SEM)
ou como medianas. A analise de variancia (ANOVA) seguida do teste de
Bonferroni foi usada para testes paramétricos. Os testes de Kruskal-Wallis e
Dunn foram utilizados para comparar medianas para testes nao paramétricos
(Graph Pad Prism 5.0 Software, La Jolla, CA, EUA).

5- ARTIGOS PUBLICADOS
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Os resultados apresentados aqui fazem referéncia a proposta inicial
apresentada durante o processo seletivo, algumas modificacdes foram feitas
para melhorar a proposta inicial, na qual adicionamos algumas metodologias a
fim de melhorar o delineamento do estudo e responder todos os
guestionamentos que surgiram durante o estudo bem como atender as

demandas dos revisores da revista que aceitou 0 nosso estudo.

Esse trabalho merece mérito pela originalidade com que foi executado
diante das dificuldades metodoldgicas que tivemos para concluir, além da
diversidade de pessoas de diferentes areas envolvidas que contribuiram de

formas diferentes para a conclusédo do mesmao.

Todo o processo que resultou na conclusédo do Mestrado foi de grande
contribuicdo para formacéo e evolucéo intelectual, as disciplinas como Bioética
e Redacdo do trabalho cientifico sdo de grande relevancia talvez as mais
importantes dentre todas as outras cursadas, o estagio de docéncia foi um
grande desafio, mas crucial para me preparar para os desafios que enfrentarei

como docente.

As metas que tracei inicialmente foram atingidas ao concluir esse grande
passo na minha vida, e ao concluir vejo que o Metrado é apenas 0 comeco e
para esse amadurecimento cientifico, uma grande meta foi tracada ao concluir

esta, o Doutorado é o préximo grande passo para contribuir para minha
formacgao docente.

Durante a formacdo de mestre tive a oportunidade de me inserir em
outros grupos de pesquisa de areas diferentes o que é de grande relevancia

para formacao docente.

Durante dois anos contribui para a publicagdo de 3 artigos cientificos, e
outros que estdo em fase de conclusdo e deverdo ser publicados ainda este
ano. Ministrei um mini-curso para divulgar os trabalhos realizadas em nosso

grupo de pesquisa.
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ABSTRACT

This study aimed to elucidate the anti-inflammatory, anti-oxidant and
antifibrotic effects of gold nanopatrticles (GNPS) in rats subjected to liver injury with
ethanol and Methamphetamine (METH).The liver injury was induced by gavage
administrations of 30% alcoholic solution (7 g/kg) once a day during 28 days,
followed by METH (10 mg/kg) on the 20th and 28th days of treatment. GNPs
treatment (724.96 pg/kg) during the ethanol and METH exposure was associated
with reduced steatosis, hepatic cord degeneration, fibrosis and necrosis.
Furthermore, there was a reduction in biochemical markers of liver damage and
oxidative stress, and pro-inflammatory cytokines IL-18 and TNF-a, compared to
ethanol + METH group alone. A decrease of FGF, SOD-1 and GPx-1 expression
was also observed. GNPs down-regulated the activity of Kupffer cells and hepatic
stellate cells affecting the profile of their pro-inflammatory cytokines, oxidative
stress and fibrosis through modulation of signaling pathways AKT/PI3K and MAPK
in ethanol + METH-induced liver injury in a rat model.

Keywords: Gold nanoparticles, ethanol, methamphetamine, toxicity and Kupffer

cells.
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1. INTRODUCTION

Many drugs, including alcohol and stimulants, are used in social contexts,
perhaps because they enhance prosocial behaviors such as social bonding, talking,
and empathy (Kirkpatrick and De Wit 2013; Sayette et al. 2012). Poly-substance
use is a term coined to denote the concomitant or sequential consumption of more
than one psychoactive drug over an interval of at least 12 months for either
therapeutic or recreative purposes. Amongst the substances that are co-
administered with illicit drugs, ethanol is undoubtedly the most prevalent chemical
responsible for the increasing number of hospital admissions and deaths (Winkler et
al. 2016). Ethanol is frequently co-used with psychostimulant drugs such as
methamphetamine (METH) or cocaine (Kedia, Sell, and Relyea 2007) in order to
enhance and prolong the drug effects.

Evidence suggests that the co-administration of ethanol and cocaine
produces amplified and extended subjective effect (lkegami et al. 2002), fewer
studies have examined the somatic impact of the METH-ethanol combination in
brain (Zendulka et al. 2012; Almalki et al. 2018; Wells et al. 2016).Concerning toxic
effects on liver, (Koriem and Soliman 2014) found that a hoop of edema in the
periportal area compresses the surrounding hepatocytes, leading to formation of
hyperemic vessels. The association of ethanol and METH produces a variety of
histological abnormalities in liver such as abundant cytoplasmic lipid droplets
diffusely distributed along the lobules. Besides, a pronounced deposition of collagen
fibers between the hepatocytes and the endothelial cells of the sinusoids results in
an apparent reduction of the size and density of the hepatocytes in the sinusoids

and in the bile canaliculi (Pontes et al. 2008).

Three mechanisms have been proposed for alcoholic liver injury: (i)
acetaldehyde toxicity (Guo, Zhong, and Ren 2009); (i) metabolic generation of
reactive oxygen species (ROS) or exposure to oxidative stress (Yin et al. 2009; Tang
et al. 2014); and (iii) oxidative stress in hepatocytes caused by immune response
(Chen et al. 2011; Park et al. 2013). The latter has been found in alcoholic-liver-injury

patients (Chen et al. 2011), which helps prevent ethanol-induced liver disease.
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In liver injury, activated Kupffer cells release a number of soluble agents,
including cytokines, such as TGF-B, and TNF-a, ROS (Kang et al. 2008) and factor
nuclear kappa B (NF-kB) translocates to the nucleus, in which it binds to the
promoter of target genes such as TNF-a and other pro-inflammatory cytokines (Son
et al. 2011). These factors act on hepatic stellate cell (HSC), which are localized in
the parasinusoidal space (Wen et al. 2013). The activated phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI13-K) participate in regulation of HSC migration,
proliferation, collagen secretion and adhesion(Friedman 2000) besides being
involved in regulating a number of cellular responses, such as cell growth, survival
and migration. The protein kinase B (Akt or PKB) is downstream of PI3-K and
activation of Akt is associated with HSC proliferation and al (1) collagen transcription
and translation (Reif et al. 2003).

Functionalized spherical gold nanoparticles (GNPs) with controlled geometrical
and optical properties are the subject of intensive studies and biomedical
applications, including genomics, biosensorics, immunoassay (Bartneck, Warzecha,
and Tacke 2014; He et al. 2008), clinical chemistry (Bartneck, Warzecha, and Tacke
2014), laser phototherapy of cancer cells (Gunes et al. 2010), the targeted delivery of
drugs (Aslan, Lakowicz, and Geddes 2004), DNA and antigens (Dykman and
Bogatyrev 2000), optical bioimaging and the monitoring of cells (Hirsch et al. 2003)

and tissues with the use of state-of-the-art detection systems.

Investigation of GNPs cytotoxicity focuses on their size, shape, doses and
surrounding ligands being those chemically positive and negative charged
responsible for causing cell damages through oxidative alterations in mitochondrial
membrane potential (De and Rotello 2008; Schaeublin et al. 2011). Spherical neutral
GNPs are more suitable for biomedical application due to the their inability in
removing electrons from molecules, such as membrane lipids and mitochondria, as
well as generating free radicals (Loumaigne et al. 2010; Frohlich 2012). Local
macrophages like kupffer cells ingest foreign materials such as pathogens and
nanoparticles, and recruit additional macrophages to the inflamed microenvironment,
producing cytokines including TNF-a, IL-6 and TGF-B that up-regulate the
inflammatory process (Tilg and Moschen 2008). Positively charged nanoparticles are

preferentially taken up by monocyte-derived macrophages and Kupffer cells that
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have an M2-like phenotype which produce high level of TGF-B (Mac Parland et al.
2017).

In this context, macrophages like Kupffer cells therefore not only represent
attractive targets for nanomedicine in liver disease, but they also need to be
considered as potential particle scavenging cells in any kind of parenteral
nanoparticle administration. As such, changing local Kupffer cell behavior may affect
the progress of inflammation-related disorders. Therefore, the aim of the present
work was to evaluate the anti-inflammatory, antioxidant and antifibrotic effect of GNP
in an animal model of ethanol and METH-induced liver injury through an analysis of

several markers.

2. METHODS
Chemicals

The absolute ethyl alcohol (PA 99.8%) was obtained from Vetec Quimica,
Brazil. Methamphetamine (METH) was acquired from Fisher Scientific, according to
the law 10.357 of December 27, 2001, which establishes rules for production, control

and inspection of chemical substances.

Murine macrophage cells (RAW 264.7; cat. no.TIB-71) were obtained from
American Type Culture Collection (Manassas, VA, USA). Dulbecco’s modified
Eagle’s medium (DMEM) was purchased from Invitrogen Corporation (Carlsbad, CA,

USA); fetal bovine serum from Hyclone Company (Logan, UT, USA).

Antibodies anti-TGF- B, FGF, SOD-1, GPX, IL-1B, TNF-B and MIF were
obtained from Santa Cruz Biotechnology Enterprise, Brazil. Streptavidin-HRP-
conjugated secondary antibody (Biocare Medical, Concord, CA, USA), TrekAvidin-
HRP Label + Kit (Biocare Medical, Dako, USA), IL-1j3, IL-10, TNF-a and ELISA kit
(R&D Systems, Minneapolis, MN, USA) were also utilized in this study.

Cell culture

RAW 264.7 macrophage cells were grown in DMEM medium with 10% fetal
bovine serum. Cells were seeded at a density of 5x10* cells per well in 6-well plates
and reached 50-60% confluence 24-h after seeding, just before exposure to the non-
cytotoxic concentration of GNPs in 10ug/mL for treatment (Q. Zhang et al. 2011). The
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cells were maintained in a 5% CO? incubator at 37°C and 95% humidified air. Cells

were subsequently analysed by a phase-contrast microscope.
Immunofluorescence

RAW 264.7 macrophage cells were plated onto glass coverslips in 24 well
plates (5 x 10* cells/well) and allowed to grow for 24 h. The cells were then washed,
fixed with 1% paraformaldehyde, permeabilized with Triton-X and incubated with 100
ML of GNPs and 4',6-diamidino-2-phenylindole was used for nuclear stainingfor 10
minutes in a humid atmosphere at room temperature. Control experiments were
performed under the same conditions but without GNPs addition. The glass
coverslips were then directly observed with the Leica DM5500 B fluorescence
microscope (filter settings: TXR, Cy7, FITC and DAPI), equipped with a condenser

using laser excitation from 512 to 542 nm.
Animal

Thirty six Wistar rats male weighing between 270 g and 300 g, obtained from
the animal house of Department of Biophysical and Pharmacology — Federal
University of Rio Grande do Norte (UFRN), Natal, Brazil, were randomly divided into
six groups of six animals each and used for experiments. Animals were housed in
cages with free access to food and water at temperature and humidity controlled
environment under a 12 h light/dark cycle. Animals were treated according to the
ethical principles for animal experimentation. All experiments were approved by
UFRN Ethics Committee (approval number: 018/2015).

Preparation and administration of ethanol

7 g per kg body weight of 30% v/v ethanol solution was used as chronic dose in
this experiment and 30 g of absolute ethanol was dissolved in distilled water and
made up to 100 ml, then 6.2 ml of the solution was daily administered for 28 days to

each rat treated with ethanol (de Aradjo et al. 2016).
Preparation and administration of methamphetamine

We used the dose of 10 mg/kg for METH, in which 25 mg of METH were diluted
in 10 ml of distilled water. Each animal received 0.1 ml of this solution, which
corresponds to 2.5 mg in each dose (Halpin, Gunning, and Yamamoto 2013).
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Production of gold nanopatrticles

Gold nanoparticles (GNPs) were obtained from a partnership with the
Department of Chemistry of the Federal University of Rio Grande do Norte-UFRN,
Brazil. These GNPs are produced as described by (Gasparotto et al. 2012).

First, Au®* was reduced by glycerol in alkaline medium and polyvinylpyrrolidone
was used to stabilize the gold nanoparticles. Diluted HCI was then added to bring the
solution pH to 7 and generate neutral GNPs. Considering the quantitative
transformation of gold ions into nanoparticles, the concentration of GNPs was
estimated to be 197 yg/mL. The final mixture has a dark-red color due to the GNPs

formation of 7.4 = 1.6 nm in size.

A Zeta-Meter 3.0 + system (Zeta-Meter Inc., USA) at a temperature of 25 + 2°C
was used to determine the electrophoretic mobility of the GNPs colloidal solution (20
mL). The zeta potential was calculated using the Smoluchowski equation:

_ MKENo
6= €o&r

Where e is the electrophoretic mobility, no is the continuous phase viscosity, €o
is the permittivity of a vacuum, and : is the relative permeability of the continuous

phase.
Dosage and administration of gold nanoparticles

The doses of GNPs were chosen through a pilot project, the doses of 700
pa/kg, 1000 pg/kg and 1.500 pg/kg were tested. The dose 700 pg/kg showed best
results in decreased inflammatory cytokines IL-13 and TNF-a (de Aradjo et al. 2017).
The dose of 700 ug / kg was used to calculate the doses to be used in the
experiment, based on a gold nanoparticle formulation with a concentration of 197 pg /

mL1.

The doses were adjusted so that for all groups treated by the oral route by
gavage the final volume used was standardized in 1ml. In order to evaluate the dose-

dependent effect, the doses were fractionated into 3: starting with the highest dose:
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724.96 pg/kg (GNP3); an intermediate dose corresponding to 362.48 ug/kg (GNP2);
and finally the third dose with the lowest concentration: 181.48 ug/kg (GNP1).

Induction of ethanol and METH-induced liver injury

The protocol for hepatic injury induction by exposure to alcohol and METH is

summarized below:

1) Animals were treated with GNP1, GNP2 and GNP3 one hour before ethanol
administration (30%, 7g/kg) by oral gavage. Each treatment had three doses to be
tested: 181.48 pg/kg, 362.48 pg/kg and 724.96 pg/kg, respectively.

2) Saline solution (NaCl 0.9%) was administered by oral gavage once a week
every six days during the first and second week of hepatic injury induction.
Methamphetamine was administrated by oral gavage on the 3™ and 4" weeks in
place of the saline solution. Saline/Methamphetamine were administered by oral
gavage3 hours after ethanol. In the non-methamphetamine groups, saline solution
was used by oral gavage to simulate the methamphetamine in the 3" and 4" week.

3) Step 1 was repeated 7 days a week during 28 days.

4) Step 2 was repeated once a week every 7 days until the end of 28 days of
injury induction.

Euthanasia was performed on the 29" day by intraperitoneal injection of
Ketamine 7.5 ml/kg (50 mg/ml) and Xylazine 2.5 ml/kg (20 mg/ml). All animal groups
were fasted for 12 h to perform the subsequent biochemical analysis. Once
unconscious, the animals underwent cardiac puncture followed by removal of the

liver.

Liver fragments were frozen at -80°C for cytokine and oxidative stress analysis,
Western blot quantification, gPCR and ultra-structural evaluation using the
Transmission Electron Microscopy technique. Other liver fragments were immersed

in 10% buffered formalin for histopathological Analysis.

Biodistribution of gold nanoparticles
Conjugation of near-infrared (NIR) fluorescence to the GNPs

Firstly, GNPs were conjugated to the thiol group of the alpha-amino-omega-
mercapto poly (ethylene glycol) hydrochloride (SH-PEG-NH2, MW 3.000 g/mol)

during 3 h at room temperature. The excess of non-conjugated SH-PEG-NH2 was
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removed by dialysis (for three days in a membrane Spectra/MWCO: 6-8000) against
sodium citrate 2.2 mM. The GNPs-PEG-NH2 were coupled to the IRDye® 680RD
NHS ester in bicarbonate buffer (pH 8.1) during 12 h at room temperature. The
GNPs-PEG-IRDye complex was then purified by dialysis (for four days in a
membrane Spectra/MWCO: 6-8000) against sodium citrate 2.2 mM and the solution
was changed two times a day.

Ex vivo fluorescence imaging of major organs and quantification

6 weeks oldfemale BALB/c mice (n = 3-4) (Charles River, France) were
sacrificed after 48 h of intravenous injection (I1.V) of the GNPs at three different
concentrations (GNP1; GNP2 and GNP3). After 48 h, all major organs were excised
for ex vivo fluorescence imaging. Images were acquired 700 nm at a resolution of 85
mm. The data were analyzed using Pearl Impulse software, version 3.01 (LI-COR
Biosciences, Lincoln, NE, USA). Total fluorescence intensity was determined by
drawing a region of interest (ROI). The size and shape of the ROl was the same.
Antioxidant activity of GNPs

The antioxidant effect of GNPs was evaluated through the GSH consumption,
MDA formation and MPO inhibition. Liver samples were harvested as described
above and stored at —-80°C until required for assay. After homogenisation and
centrifugation (2000 x g for 20 min), MPO activity was determined by a previously
described colorimetric method (De Araujo et al. 2016). Results are reported as units
of MPO per gram of tissue.

To quantify the increase in free radicals in the liver sample, MDA content was
measured via the assay described by (Esterbauer and Cheeseman 1990). Liver
samples were suspended in buffer Tris HCI 1:5 (w/v) and minced with scissors for 15
sec on an ice-cold plate. The resulting suspension was homogenised for 2 min with
an automatic Potter homogenizer and centrifuged at 2500 x g at 4°C for 10 min. The
supernatants were assayed to determine MDA content. The results are expressed as
nanomoles of MDA per gram of tissue.

GSH levels in the liver tissues were measured to antioxidant. GSH content was
measured via the assay described by (de Arautjo et al. 2017). Liver samples (5 per
group) were stored at 70°C until use. Liver tissue homogenates (0.25 mL of a 5%
tissue solution prepared in 0.02 M EDTA) were added to 320 mL of distilled water
and 80 mL of 50% TCA. Samples were centrifuged at 3000 rpm for 15 min at 4°C.
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The supernatant (400 mL) was added to 800 mL of 0.4 M Tris buffer at pH 8.9 and 20
ML of 0.01 M DTNB. The absorbance of each sample was measured at 420 nm, and
the results were reported as level of GSH per milligram of tissue.
Cytokine Analysis

Liver samples (three samples per group) were stored at —80°C until use. The
tissue was homogenized and processed as described by (Safieh-Garabedian et al.
1995). Levels of IL-1B (detection range: 62.5-4000 pg/mL; sensitivity or lower limit of
detection [LLD]: 12.5 ng/mL of recombinant mouse IL-1B), IL-10 (detection range:
62.5-4000 pg/mL; sensitivity or LLD: 12.5 ng/mL of recombinant mouse IL-10) and
TNF-a (detection range: 62.5-4000 pg/mL; sensitivity or LLD: 50 ng/mL of
recombinant mouse TNF-a) in the intestinal samples were determined with a
commercial ELISA kit (R&D Systems, Minneapolis, MN, USA), as described
previously. All samples were within the wavelength used in UV-VIS
spectrophotometry (absorbance measured at 490 nm).

Histological analysis from hepatic parenchyma

Liver samples were fixed in 10% neutral buffered formalin, dehydrated and
embedded in paraffin. Sections of 5 ym thickness were obtained for hematoxylin—
eosin staining (H&E) and examined by light microscopy (40x, Nikon E200 LED).
Three sections of liver (six animals per group) were analyzed by two pathologists.
Liver pathology was scored as follows: steatosis (the percentage of liver cells
containing fat): <25% = 1, 25-50% = 2, 50-75% = 3, >75% = 4.; inflammation and
necrosis: 1 focus per low-power field; 2 or more foci. Pathology was scored in a
blinded manner by one of the authors and by an outside expert in rodent liver
pathology (Nanji, Mendenhall, and French 1989). The main values of scores were

used for statistical analysis.

Histological sections were stained using picrosirius red staining kit (1% Sirius
red in saturated picric acid; EasyPath, Indaiatuba, Brazil) for 24 h, or haematoxylin
and eosin (Easypath) and examined under light microscopy (Nikon Eclipse 2000
equipped with Nikon DS-Fi2; Nikon Corporation, Tokyo, Japan). For the purpose of
guantitative analysis the collagen content, randomly sampled two hundred light
microscope images (200X) per liver specimen, including large centrilobular veins and

large portal tracts (2150 mm) were analyzed. About 20 polarized light microscopy
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images using an Olympus BX60 microscope (Olympus, Tokyo, Japan) (200X) per
specimen were captured and analyzed using a color threshold detection system
developed in ImageJ (National Institutes of Health). Known positive and negative
controls were included in each batch of samples. Tissue reactivity in all groups
(negative control, alcohol group and treated group with GNPs) was assessed. Values
are expressed as percentage of positive area. Contrast index measurements were
obtained from selected area x 100/total area positioned across the regions of interest
(three samples per animal). Moreover, hepatic fibrosis was quantified using by (Ishak
et al. 1995) scoring system: level 1 indicating the absence of fibrosis; level 2
indicated enlargement of portal area; level 3 was assigned to fibrous expansion of
most portal areas; level 4 was assigned to lobules with fibrous expansion of most
portal areas with occasional portal to portal bridging; level 5 was assigned to lobules
with fibrous expansion of most portal areas with marked bridging (portal to portal and
portal to central); level 6 was assigned to lobules with marked bridging (portal to
portal and portal to central) with occasional nodules (incomplete cirrhosis); level 7

was observed Cirrhosis in the lobules.

Blood samples collected from the rat and were centrifuged at 3000 g for 10 min,
and resultant supernatants were used to measure the blood alanine
aminotransferase level (ALT), aspartate aminotransferase (AST) to evaluate the
alcohol-induced liver injury. Liver cytosolic protein solution was used to measure the
hepatic triglyceride concentration (mg/g total liver protein, % of control) as a marker
of the alcohol-induced lipid surplus in the liver. The levels of ALT and hepatic
triglyceride were measured with an automatic analyzer (FDC4000; Fuji Medical
Systems, Tokyo, Japan). The data is presented as means with their standard errors
(SEM).

Transmission electronic microscopy

In order to evaluate the uptake of the GNPs by hepatic cells, 0.5 cm fragments
were taken from samples of each treatment and fixed in Karnovisky Solution (2.5%)
and paraformaldehyde (2.5%) in buffer of 0.1 M cacodylate) for approximately 4 h at
4°C. After fixation the material was washed with 4x sodium cacodylate (15 min each
bath). A drop of 1.6% Potassium Ferrocyanide (FCK) and 2% Osmium Tetroxide for

1 h in a darkroom was added, followed by 2 washes with 0.1 M sodium cacodylate for
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15 min and two washes with distilled water. “In block” contrast with 0.5% uranyl
acetate in a darkroom for 2 h under refrigeration, dehydrated with acetone in different
concentrations, infiltrated and included in resin. Ultra-thin sections (1um) are stained
with toluidine blue and examined under Zeiss transmission electron microscope,
model EM 902 at 80Kv.

Immunohistochemical staining

Thin sections of liver (4 um) were obtained from each group with a microtome
and transferred to gelatine-coated slides. Each tissue section was then
deparaffinised and rehydrated. The liver tissue slices were washed with 0.3% Triton
X-100 in phosphate buffer (PB) and quenched with endogenous peroxidase (3%
hydrogen peroxide). Tissue sections were incubated overnight at 4°C with primary
antibodies (Santa Cruz Biotechnology, INTERPRISE, Brazil) against TGF- B, FGF,
SOD-1, GPX-1 e IL-1p3. Dilution tests (3 dilutions) were performed with all antibodies
to identify the 1:800; 1:600; 1:800; 1:1000 and 1:600, dilutions as appropriate,
respectively. Slices were washed with phosphate buffer and incubated with a
streptavidin/HRP-conjugated secondary antibody (Biocare Medical, Concord, CA,
USA) for 30 min. Immunoreactivity to the various proteins was visualized with a
colorimetric-based detection kit following the protocol provided by the manufacturer
(TrekAvidin-HRP Label + Kit from Biocare Medical, Dako, USA). Sections were
counter-stained with hematoxylin. Known positive controls and negative controls
were included in each set of samples. Planimetry microscopy (Nikon E200 LED,
Morphology Department/UFRN) with a high-power objective (40x) was utilised to
score the intensity of cell immunostaining: 1 = absence of positive cells; 2 = small
number of positive cells or isolated cells; 3 = moderate number of positive cells; and
4 = large number of positive cells. Labelling intensity was evaluated by two previously
trained examiners in a double-blind fashion. Three tissue sections per animal (six

animals per group) were evaluated.
Immunofluorescence microscopy

Three tissue sections from each animal (six animals per group) were
deparaffinized in xylene and washed in a series of concentrations of ethanol and

PBS. Antigen retrieval was performed by placing the sections in a 10 mM sodium
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citrate with 0.05% Tween 20 for 40 min at 95°C. Autofluorescence background noise
was reduced by incubating the sections in 0.1% Sudan black in 70% alcohol for 40
min at room temperature (RT). The sections were incubated overnight with rabbit
anti-IL-13, TNF- B and MIF primary antibody (1:200, 1:400 e 1:400 Abcam, EUA and
Santa Cruz Biotechnology, USA, respectively), in blocking solution/1% normal goat
serum; Abcam, USA and Santa Cruz Biotechnology, USA, respectively) at 4°C,
washed three times in PBS/0.2% triton X-100 for 5 min and incubated with Alexa
Fluor 488- conjugated goat anti-rabbit secondary antibody (1:500 in BSA 1%) and
DAPI nuclear counterstain (Sigma, USA). Finally, the sections were mounted with
Vectashield medium. Fluorescent images were obtained as described by (de Araujo
et al. 2016).

Western blot analyses expression

The liver segments were homogenized in RIPA lysis buffer (25 mM Tris-HCL,
pH 7.6; 150 mM NaCl; 5 mM EDTA; 1% NP40; 1% triton X-100; 1% sodium
deoxycholate; 0.1% SDS) and protease inhibitor (1 pL inhibitor: 100 uL RIPA). For
protein extraction, liver samples were centrifuged (17 min, 4°C, 13000 rpm) and the
supernatant was collected. Protein concentrations were determined through the acid
assay (Thermo Fisher Scientific) according to the manufacturer's protocol. SDS-
polyacrylamide gel electrophoresis (10% or 8%) were performed using 50 pg of
protein (previously prepared with sample buffer, BioRad and denatured at 95°C for 5
min). Then, the protein was transferred to a PVDF membrane (BioRad) for 2 h,
blocked with 5% BSA for 1 h, incubated overnight with a primary antibody (mouse
anti-gB actin, sc-81178, 1:500, Santa Cruz Biotechnology; mouse anti-TGF(B- 1/2-
sc80346, 1:200, Santa Cruz Biotechnology; mouse anti-ERK1/ERK2, 136200, 1:500,
Invitrogen; Goat anti-lba-1, ab107159, Abcam) and a secondary antibody (goat anti-
rabbit, 656120, Invitrogen, 1:1000; goat anti-mouse 1gG, 626520, Invitrogen, 1:500;
or rabbit anti-goat, A16142, Invitrogen, 1:1000) for 1 h and 30 min. The membranes
were incubated using the ECL system according to the manufacturer’s instructions
(BioRad) and the chemiluminescence signal was detected using the ChemiDocTM
XRS system (BioRad). Densitometric quantification of bands was done through the
software ImageJ (NIH, Bethesda, MD, USA).

Analysis of mMRNA Expression
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Total RNA was extracted from liver tissue with trizol reagent (Invitrogen Co.
USA) and the SV Total RNA Isolation System (Promega, Madison, WI). First-strand
cDNA was synthesized from 1 pg of total RNA with the ImProm-IITM Reverse
Transcriptase System for RT-PCR (Promega) according to the manufacturer’s
protocol. Real-time quantitative PCR analyses of GAPDH, PCI, PCIll, NF-Kg, F4/80,
AKT and PI3K mRNAs were performed with SYBR Green Mix in the Applied
Biosystems1 7500 FAST system (Applied Biosystems, Foster City, CA), according to

a standard protocol with the following primers of table 1.

The reference gene for normalization was selected from an analysis of 18S
(GenBank sequence NM_003286.2), ubiquitin C (UBC, NM_021009.4), B-actin
(ACTB, NM_001101.3) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH,
NM_002046.3) genes. GAPDH was chosen as the reference gene because it did not
present different amplification patterns (J. Zhang et al. 2014). As it is a constitutive

gene for eukaryotes, the reference gene should not be modified in the disease.

All analyses were performed in a 7500 fast real-time PCR instrument (Applied
Biosystems, CA, USA). The standard PCR conditions were as follow: 50°C for 2 min
and 95°C for 10 min, followed by forty 30-s cycles at 94°C, a variable annealing
primer temperature for 30s, and 72°C for 1 min. Reactions were carried in duplicate
according to the TagMan® fast universal PCR master mix (Applied Biosystems,
Foster City, CA, USA) protocol in a total volume of 10 yL containing approximately 20
ng cDNA. Mean Ct values were used to calculate the relative expression levels of the
target genes for the experimental groups, relative to those in the negative control
group; expression data were normalized relative to the housekeeping gene GAPDH

using the 222t formula.
Statistical analysis

The data is presented as means with their standard errors (SEM) or as
medians. Analysis of variance (ANOVA) followed by Bonferroni test was used to in
parametric tests. The Kruskal-Wallis and Dunn tests was used to compare medians

for non-parametric tests (Graph Pad Prism 5.0 Software, La Jolla, CA, USA).

3. RESULTS
GNPs Biodistribution
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After I.V. injection of GNPs, we can observe that the liver, kidneys and brain
were the tissues where nanoparticles migration occurred most strongly, indicated in
Figure 1A, by greater fluorescence intensity. In the figure 1B, shows the
quantification of GNPs biodistribution in the main organs and that biodistribution of
gold nanopatrticles have a dose-dependent effect on the concentrations tested.

Intracellular localization of GNPs in macrophage

In vitro assays were performed in order to investigate how GNPs interact with
the cells and whether they are internalized. We observed that GNPs appeared to be
internalized by macrophages, likely in the form of agglomerates/aggregates as shown
by the light microscopy (Fig. 2B and B.1), and in the spectrum of bright green by
immunofluorescence microscopy (Fig. 2D.1). The absence of GNPs in control cells is
represented by a lack of agglomerates (Fig. 2A) and absence of the bright green
spectrum (Fig. 2C). When the distribution of the GNPs in the liver was evaluated, all
mice exposed to GNPs accumulations of nanoparticles were traced in Kupffer cells
(Fig. 2E-F), and Fig. 2.G. presents a Kupffer cell from the control group that did not
receive GNPs. After analyzing the cells and the liver fragments, we observed that the
GNPs appear to be primarily localized in the cytoplasm close to nuclei and excluded
from them.
Effects of GNPs on MPO activity and on MDA and GSH levels

Livers from the ethanol + METH group had significantly greater
myeloperoxidase (MPO) activity than livers harvested from the saline group (P <
0.0001), and this increase was attenuated in the ethanol + METH + GNP3 group that
received treatment with 724.96 pg/kg GNPs (Figure 3A). This same group, in turn,
significantly increased glutathione (GSH) levels (P < 0.0001) compared to positive
control group (Figure 3C). The malonyldialdehyde (MDA) formation was significantly
increased in the ethanol + METH group when compared to saline group (P < 0.01)
and GNPs treated groups (P < 0.01, P < 0.001), as seen in Figure 3B.

Effect of GNPs treatment on inflammation

The combined treatment with ethanol and METH resulted in increased levels of
IL-1B (P < 0.001) and TNF-a (P < 0.001) compared to saline group (Figure 3D-E). As
noted, such combined treatment may induce side effects which could be reduced by
GNPs treatment. Specifically, IL-18 and TNF-a levels in ethanol + METH + GNP3
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group were lower than GNPs absence (P < 0.05 and P < 0.001, respectively).On the
other hand, it can also be seen in Figure 3F, that the combined treatment of ethanol
+ METH + GNP3 was able to increase IL-10 levels (P < 0.0001) compared to ethanol
+ METH treatment alone.
Histopathological analysis

At the end of the treatments, the animals were euthanized and their livers
excised for histopathological analysis. From then on, after 28 days of saline
administration, no pathological changes were observed in the negative control group
(Figure 4A-C), as indexed by a semiquantitative scoring system. However, as seen in
Figure 4E-G, the rats liver from ethanol + METH group exhibited fat accumulation,
lymphocytes and neutrophils infiltrate, and necrosis (thin arrows, circle with arrow
heads and stars, respectively), resulting in a high pathology scores (Figure 4M).
Additionally, the ethanol + METH group had significantly greater steatosis than the
saline group. On the other hand, ethanol and METH-induced liver damage was
reduced when associated with GNP3 treatment(P < 0.001) compared to its
respective control without GNPs (Eigure 4G-K).The same effect, however, was not
observed for ethanol + METH + GNP1/GNP2 treated groups (Figure 41-J). Reduced
inflammation was most clearly observed in the ethanol + METH + GNP3 treated
group (Figure 4K), which exhibited decreased areas of steatosis, inflammatory
infiltrate contains neutrophils and lymphocytes and reduced levels of necrosis relative

to ethanol + METH group alone.

Negative control group livers had weak staining limited to centrilobular veins as
shown in the Figure 4D. Liver sections from the positive control group exhibited
marked portal fibrosis and staining between the hepatic cords (Figure 4H). The
treated group with GNP3 had a significative (P < 0.01) fibrotic response as can be
seen when comparing figures 4H, 4L and 4M. Morphometric quantification of Sirius
red stained areas demonstrated an attenuation of the fibrotic process in the treated
group compared to the positive control group. Figure 4M shows that treatment of the
GNP3 group had an attenuation of the fibrotic process in the liver, according to the

analysis of the tissue fractions with the application of the Ishak scores.

In addition, treatment with ethanol and METH combined with GNP3 was able to

reduce the AST, ALT and hepatic triglycerides levels (Figure 5A-C) when compared
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to the control groups. However, GNPs treatment modulated this ethanol and METH-
induced hepatosteatosis and liver injury (Figure 05). After analyzing the data of ALT,
AST, hepatic Triglycerides, pro-and anti-inflammatory cytokines,
anatomopathological analysis, we concluded that among the 3 doses tested the
GNP3 was the one that presented the best results, therefore the following tests as
Immunohistochemistry, Immunofluorescence, Electronic Microscopy RT-PCR-Real
Time, Western Blot, were performed only with the negative and postoperative control

groups and the group treated with the best dose of GNPs (GNP3).

Immunohistochemistry and immunofluorescence

The histopathological analysis was followed with antibody labeling for
transforming growth factor-beta (TGF-(), fibroblast growth factor (FGF), SOD-1 and
GPX-1 observation. When compared to alone ethanol + METH exposure, the ethanol
+ METH + GNP3 group was able to reduce the TGF-B, FGF, SOD-1 (P < 0.001) and
GPX-1 levels (P < 0.01), as observed in the Figure 6 and Figure 7. These changes
were consistent with the normalization toward non-ethanol and METH exposure
levels.

Evaluation of IL-1B, TNF-a and macrophage migration inhibitory factor (MIF)
was carried out by labelling with antibodies conjugated with fluorescent agent.
Cellular IL-13, TNF-a and MIF labelling (green) were strong and diffuse in the ethanol
+ METH group (Figure 8B, 8E and 8H), poorly marked in the ethanol + METH +
GNP3 group (Figure 8C, 8F and 8l), and absent in saline group (Figure 8A, 8D,and

8G). Densitometric analysis confirmed that there were significantly increased IL-1(3,
TNF-a and MIF immunoreactivities in the ethanol +METH group, relative to the saline
group, and lower immunoreactivity in the ethanol + METH + GNP3 group (Eigure
8J,8K, and 8L).

GNPs treatment decreased NF-«B, F480, AKT, PI3K, PCl and PCIlI mRNA

expression

For all evaluated genes the relative mRNA expression was decreased when the
groups were treated with ethanol + METH + GNP3 in relation to their respective
control without the GNP3 (P < 0.0001 or P < 0.001), as observed in Figure 9A-F.

IBA-1, ERK1/ERK2 and TGF-8 expression


http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0148868#pone-0148868-g005
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The final product of ionized calcium-binding adaptor molecule 1 (IBA-1),
ERK1/ERK2 and TGF-B genes expression into rats liver, exposed to ethanol +
METH, was evaluated by western blot as show Figure 9G. Increased expression of
IBA-1, ERK1 and TGF-3 and decreased expression of ERK2in the ethanol + METH +
GNP3 group were observed. The final product of IBA, ERK1/ERK2 and TGF-f3 genes
expression into rats’ liver, exposed to ethanol + METH, was evaluated by western
blot as show Figure 9G. Increased expression of IBA-1, ERK1 and TGF-B and
decreased expression of ERK2 in the ethanol + METH + GNP3 group were
observed. No overexpression of IBA-1, ERK1 and TGF-3, already in the positive

control group we observed intense marking intense labeling of the analyzed proteins.

4. Discussion

This study is the first into examine the anti-inflammatory, anti-oxidant and anti-
fibrotic activity of GNPs in a rat model after ethanol and METH-induced liver injury
through an analysis of markers of the inflammatory, oxidant and fibrotic processes.
This was perfectly evidenced by a significant increase in several biochemical
parameters such as oxidative stress, biomarkers of inflammation, severe fat
accumulation, necrosis and accumulation of collagen type | and Ill around the hepatic
triad which resulting in an strong steatosis beyond elevated neutrophil, MPO, and
pro-inflammatory cytokine levels were also found all these changes were well

evidence in the positive control groups.

When comparing the results obtained in this research with the results obtained
previously (de Araujo et al. 2017), we have noticed that the dose used and the size of
the GNPs are a key factor for effectiveness in the treatment with GNPs. Previously
our group, observed that the highest GNPs dose (1500 pg/kg) generated 49% of
reduction in leukocyte migration, which attested the activation of a cellular anti-
inflammatory response, while the groups received GNPs showed decreases levels in
the pro-inflammatory cytokine IL-1 (700 and 1500 ug/kg, P < 0.05) and TNF-a (700,
1000 and 1500 pg/kg, P < 0.001) compared to positive control group(de Araujo et al.
2017). Other studies also showed this relation of importance of the size of GNP and
increased expression of proinflamatory cytokines (Khan et al. 2013; Ibrahim et al.
2018).
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From the biodistribution tests, we have shown that after 48 h GNPs migrated
mainly to the spleen, kidney and liver, reaching 2x10° 5x10° and 6x10° ID/g,
respectively, corroborating with the results seen earlier(de Araujo et al. 2017)and
evidencing that after administration these GNPs migrate to the nucleus of Kupffer

cells in the liver.

Studies have shown that the extent of cerebral uptake of anionic nanoparticles
is higher than cationic and neutral GNPs(Noor, Fahmy, and Mourad 2016; Goodman
et al. 2004). In this way, the surface of the NPs should be considered in the
neurotoxicity profile and in the distribution, since neutral charges present irrelevant
neurotoxicity (Masserini 2013). Not all types of nanoparticles are feasible for use in a
strategy whose objective is to cross the blood-brain barrier (BBB). Surface
characteristics vary depending on the nanomaterials used and it was found that
neutral nanoparticles and low concentration anionic effects have no effect on this
barrier (De Jong and Borm 2008).

In previous studies, we observed that results indicated that GNPs at the low
concentrations below to 2 ppm did not show any toxicity, but at the higher
concentrations, significant changes were observed in the organ (de Araujo et al.
2017; X. D. Zhang et al. 2010; Mironava et al. 2010). However, this accumulation of
GNPs in the liver did not cause any morphological changes in this organ(de Araujo et
al. 2017). GNPs (13 nm in diameter) after 28 days existed with the amount of 1.5% -
9.2% in the kidneys, while the amount is negligible in the urine (Yang et al. 2007).
Extreme changes in the histopathology of lung and liver tissues caused by spherical
GNPs with 5-10 nm size in 5 (5000 pg/kg), 10 (10.000 pg/kg), and 100 (100.0000
Hg/kg) ppm treatment groups, been the pathological changes (lung and liver tissue)
in treatment group (Au 100 ppm) more intense compared to the other groups
(Abdelhalim and Jarrar 2011). However, in this work was used 0,724 ppm GNPs in
the treatment groups. However, in our work was used dose of 0,724 (724 ug/kg) ppm

GNPs in the treatment groups in the groups that presented the best results.

Some works have showed a non-immunogenic character of the GNPs or have
even proven their anti-inflammatory effect, consisting of the reactive oxygen and
nitrite species inhibition as well as pro-inflammatory cytokines in macrophages
(Kurniawan et al. 2017; Q. Zhang et al. 2011). In vivo experiments also conducted on
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several animal models of inflammatory conditions have confirmed the anti-
inflammatory and antioxidant properties of the GNPs, manifested by a decrease in
the levels of pro-inflammatory cytokines (IL-1B,TNF-a) and oxidative tissue damage
markers (de Aradjo et al. 2017; Tsai et al. 2012; Dohnert et al. 2012; Sumbayev et al.
2013).

Oxidative stress is known to play a crucial role in METH-induced toxicity in the
brain and other tissues, as evidenced by previous studies. However, a comparison of
oxidative effects of MET in different organs has not been sufficiently studied
previously (Tokunaga et al. 2006). It has been suggested that the hepatic catalase
level is negatively associated with the severity of alcoholic liver injury(de Araujo et al.
2016; Powell et al. 2010) and that SODs scavenge hydroxyl peroxides generated in

the cytosol and mitochondria, thereby terminating autoxidation.

Gold nanoparticles can increase the anti-oxidant defense enzymes and creating
a sustained such as GSH, SOD, Catalase and GPx in diabetic mice to normal, by
inhibition of lipid peroxidation and ROS generation (Barathmanikanth et al. 2010). In
this work, ethanol associated to METH imbalanced the hepatocellular antioxidant
system, inflammatory cytokines and liberated the free radicals (Khan et al. 2012), as
evidenced by the decrease in GSH level and the increased levels of MDA and MPO
in hepatic tissue. GNPs724.96 ug/kg, however, increased hepatic GSH level and
SOD-1 and GPX-1 expression, as well as decreased the MDA and MPO levels.
Other studies in model of acute peritonitis study suggest that gold NPs of 10 nm
diameter produce significant lipid peroxidation in rat liver however lungs and heart do
not show any oxidative stress(Khan et al. 2012). That probably do not apply to our
GNPs because they are smaller in size.

Ethanol pre-treatment was also able to exacerbate METH-induced
hepatotoxicity, which could be ascertained by the significant increase of plasma
transaminases activities, (hepatic lesion biomarkers), when animals were exposed to
ethanol and METH. The increase in AST, ALT and triglycerides levels were already
described for both compounds in humans (Ellis et al. 1996; Yue et al. 2006) and rats
(Beitia et al. 2000; Montet et al. 2002). Increased prostaglandin E2 (PGE2) causes
triglycerides accumulation in hepatocytes, and therefore, a state of steatosis(Bautista

2002). This hepatotoxic effect was also confirmed by the decrease in liver weight
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when METH was administered to ethanol pre-exposed rats and by histological
analysis of liver sections by light and electron microscopy, which gives further
evidences that the concomitant exposure to METH and ethanol results in a marked
aggravation of the hepatotoxic effects such as fat accumulation, lymphocytes and
neutrophils infiltrate, necrosis and fibrosis (de Araujo et al. 2016). GNPs724.96

pg/kg, in turn, reduced all these histopathologic features.

Hepatocyte apoptosis causes recruitment of inflammatory cells to damaged liver
and release of pro-fiborogenic cytokines (TGF-B1, IL-6, IL-18, TNF-a) (Potter and
Mezey 2007; Seki et al. 2007). IL-10 is a potent anti-inflammatory molecule that has
been shown to inhibit TNF-a and IL-1 cytokines production and to suppress NF-kB
activation (Mandal, Pritchard, and Nagy 2010). IL-10 reduces nitric oxide and reactive
oxygen intermediates macrophage production, and also reduces adhesion molecules
and chemokines expression (Gao 2012). Bone marrow (BM) derived and liver
resident macrophages (Kupffer cells, KC) produce TGF-B1 in the fibrotic liver (Potter
and Mezey 2007). TGF-B1 is a critical for activation of fibrogenic myofibroblasts,
which in response to injury up-regulate a-smooth muscle actin (a-SMA) and secrete

extracellular matrix proteins, mostly collagen Type | (Col) (Seki et al. 2007).

Hepatic stellate cells (HSCs) are the major source of fibrogenic myofibroblast in
liver injury. There is an overwhelming evidence that activated HSCs are the major
producers of the fibrotic matrix and that HSC apoptosis is the primary mechanism of
regression of liver fibrosis (Kweon et al. 2003). Inflammation is the main
characteristic in liver fibrosis and KCs are considered to be the primary source of
inflammatory cytokines (Nieto 2006). In this study, we show that IL-13, TNF-a levels
and PCI and PCIlIl mRNA expression were increased while IL-10 cytokine was
decreased in ethanol + METH group alone. On the other hand, inverted results were
found in the 724.96ug/kg GNPs. Besides, our findings show that GNPs724.96ug/kg

treatment inhibited NF-kB mRNA expression significantly.

The stimulatory effect of macrophage migration inhibitory factor(MIF) is, at
least partly, dependent on IL-18 and IL-23 production, and involves the signaling
pathways of MAP kinase (MAPK) (Gordon, Pliddemann, and Martinez Estrada
2014). The activated PI3-K participate in regulation of HSC migration, proliferation,

collagen secretion and adhesion (Friedman 2000) besides being involved in
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regulating a number of cellular responses, such as cell growth, survival and
migration. The AKT is downstream of PI3-K and activation of AKT is associated with
HSC proliferation and al (1) collagen transcription and translation (Reif et al. 2003).
In the liver, macrophage-associated PI3K activation promotes cytokine production
and subsequent hepatocyte proliferation early following partial hepatectomy (Jackson
et al. 2008). Hepatocyte-associated PI3K regulates growth following a reduction in
the liver volume, a process involving AKT activation. The activated PISK/AKT was
found to participate in regulation of HSC migration, proliferation, collagen secretion,
and adhesion (Reif et al. 2003; Aslan, Lakowicz, and Geddes 2004). In the present
work, GNPs 724.96 ug/kg inhibited macrophage-specific adhesion (F4/80), PI3K and
AKT mRNA expression.

Compared with GNPs, negatively charged were retained longer in liver and
spleen, presumably due to internalization by Kupffer cells and macrophages causing
the formation of oxygen reaction species (Wang et al. 2016). GNPs appear to a type
of be one of the promising treatment for hepatic injury, when the GNPs enter in the
bloodstream, they are trapped by the Kupffer cells in the liver, or if smaller than about
4—-6 nm patrtially be filtrated into the preurine (Sadauskas et al. 2007; Sereemaspun,
Rojanathanes, and Wiwanitkit 2008) where the nanoparticle retention in the liver and
spleen is low suggesting elimination through the kidneys. This mechanism seems to
be very efficient and capable of protecting the rest of the organism from the

nanoparticles (Sadauskas et al. 2007).

In our study, we showed that 724.96 ug/kg GNPs down-regulated the activity of
Kupffer cells and hepatic stellate cells affecting the profile of their pro-inflammatory
cytokines, oxidative stress and fibrosis through modulation of signaling pathways
AKT/PI3K and MAPK.
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Figure 1.Tecidual biodistribution of GNPs. Main target organs of GNPs 48 h
post i.v. injection of 14 ug/ml (A). Quantitative representation of GNPs
distribution intensity at 700 nm in different organs (B). Quantification of GNPs

biodistribution in the main organs.
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Figure 2. Intracellular localization of GNPs in macrophage. (B and D.1) and
in Kupffer cells Lysossomos (E-G). Negative control, cell without GNPs (A and
C). DAPI in blue (C and D) and GNPs in green (D.1). Kc: Kupffer cells; N:
nucleus; Triangle: GNPs; L: lysosomes; Star: hepatocyte; Two square: Disse’s
spaces. Magnification: 400x. Uptake of nanoparticles was evaluated by

Fluorescence microscopy (D1).
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Figure 3. Modulation of the antioxidant activity and cytokine profile by
GNPs. Myeloperoxidase activity (MPO) (A), malondialdehy deformation (MDA)
(B), and reduced glutathione levels(GSH) (C).Cytokine analysis(D-F). METH,
methamphetamine; GNP1, gold nanoparticles 181.48 pg/kg; GNP2, gold
nanoparticles 362.48 pg/kg, GNP3, gold nanoparticles 724.96 ug/kg. *p < 0.05;
**p < 0.01;***p < 0.001;****p < 0.0001.
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Figure 4. Histological analysis from hepatic parenchyma. Group treated
with saline solution (A-D), alcohol 30% + methamphetamine (METH) (E-H) and
groups treated with GNP1 191.24 ug/kg (I), GNP2 362.8 ug/kg (J), GNP3
724.96 pg/kg (K-L). Fibrosis analysis by Picrosirius staining (D, H and L).The
area fraction of total fibrosis, including fibrosis in the portal tract area, in rats
with GNP3 group induced liver injury in relation to the Ishak score. Graphical
representation of the mean histopathological score from each treated group (M).
Arrow, fatty changes within hepatocytes; arrow head, neutrophils; star: necrosis
area; circle, lymphocytes and neutrophils infiltrate. Magnification 400x. *p <
0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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Figure 5. Biochemical assessments of liver function. (A) Aspartate
aminotransferase (AST), (B) Alanine aminotransferase (ALT). (C) Triglyceride.
METH, methamphetamine; GNP1, gold nanoparticles 181.48 ug/kg; GNP2, gold
nanoparticles 362.48 ug/kg, GNP3, gold nanopatrticles 724.96 ug/kg. **p < 0.01,
***n < 0.001;****p < 0.0001).
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Ethanol + MET + GNP3

Figure 6. Immunohistochemical analysis from hepatic parenchyma. The
saline (A, D, G, and J), alcohol + methamphetamine (B, E, H and K) and alcohol
+ methamphetamine + GNP 724.96 pg/kg (C, F, | and L) groups were labeled
for evaluation of TGF-B(A-C) and FGF (D-F) growth factors, and for oxidative
stress through SOD-1(G-I) and GPX-1 (J-L). METH, methamphetamine; GNP3,
gold nanopatrticles 724.96 pg/kg. Magnification 400x.
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Figure 7. Immunohistochemistry scores. Graphical representation of the
mean scores from alcohol + methamphetamine + GNP 724.96 ug/kg treated
group for TGF-B (A), FGF (B), SOD-1 (C) and GPX-1 (D) immunoreactivity. **p
< 0.01; **p < 0.001; ****p < 0.0001.
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Figure 8.Modulation of expression of IL-1B, TNF-a and MIF. Representative
photomicrographs of IL-1B(A-C), TNF-a(D-F) and MIF(G-I) immunoreactivity in
liver specimens from each group (green) with DAPI nuclear counterstained
(blue).Graphical representation of the contrast index from IL-1B (J), TNF-a (K)
and MIF (L). METH, methamphetamine; GNP3, gold nanoparticles 724.96
Hg/kg.***p < 0.001; ****p < 0.0001.
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Figure 9. Gene expression at mRNA and protein levels. Relative mRNA
expression from NF-kB (A), F480 (B), AKT (C), PI3K (D), Procollagen | (E) and
Procollagen Il (F) genes. Results are presented as fold-change of the media
values, normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
and expressed by mean + SEM (**p < 0.001; ****p < 0.0001). Protein
expression from IBA-1, ERK1/ERK2 and TGF-B genes (Fig. 09.G) was detected
in total protein extracts determined by western blot, with detection of B-actin
used as a loading control. Graphical representation densitometry analysis the
result of analysis western blot (Fig 09.H). METH, methamphetamine; GNP3,
gold nanoparticles 724.96 ug/kg. In Figure 9G figures 1, 2 and 3 represent the
analyzed groups 1-negative control group, 2-positive control group and 3 group
treated with GNPs 724.96 pg/kg. Data were representative of at least two

similar experiments.
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Annealing primer

MRNA Oligonucleotide primers
temperature
forward: 5 AAC TTT GGC ATC GTG GAA GG 3
GAPDH 60°C

reverse: 5 GTG GAT GCA GGG ATG ATG TTC ¥
forward: 5 TCT GCT TCC AGG TGA CAG TG 3;

NF-«f3 55,2°C
reverse: 5 ATC TTG AGC TCG GCAGTG TT 3’
forward: 5 CAG GGA GTA AGG GAC ACG AA 3’;

PCI 56,8°C

reverse: 5 TCC CAC AGC AGT TAG GAACC 3
forward: 5 ATG GTG GCT TTC AGT TCA GC 3’;

PCllI 55,2°C
reverse: 5 TGG GGT TTC AGA GAG TTT GG 3’
forward: 5 GCC CTT CCA ACT CAT GT ¥

F4/80 55,1°C
reverse: 5 AGG GAATCC TTT TGC ATG TG ¥
forward: 5 TCA CCT CTG AGACCGACACC 3

AKT 58,5°C
reverse: 5 ACT GGC TGA GGA GAACTG G 3
forward: 5 AAC TTG GCA TGG AAG G 3,

PI3K 55,5°C

reverse

: GTG GAT GCA GGG ATGATGTTC &

Table 1. Primer Sequences used for PCR
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