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RESUMO

A obesidade € enfermidade decorrente da associacdo de multiplos fatores que resultam no
acumulo excessivo de gordura corporal. Representa atualmente um problema de satde publica
pela sua abrangéncia epidemioldgica e associagdo com outras patologias também muito
prevalentes como, a hipertensdo arterial e o diabetes mellitus tipo Il. Ainda, relaciona se a
obesidade o desenvolvimento da Sindrome Metabolica decorrente, dentre outras causas, de
desequilibrio no Sistema Renina Angiotensina. A deposic¢do disforme de gordura, sindrome
metabdlicas (SM) e doengas associadas aumentam com o envelhecimento, assim
comorbidades metabodlicas e coeficientes de risco agregados a obesidade sdo responsaveis
por causar alteracdes morfolégicas no tecido hepatico. As lactonas naturais do tipo
butenolideos apresentam uma grande variedade de atividades bioldgicas, e, portanto, suas
estruturas representam uma fonte de inspiracdo para o preparo de moléculas sintéticas. Dessa
forma, o presente estudo tem como objetivo geral avaliar o efeito da lactona sintética 3-cloro-
4-(p-clorofenilsulfonilamino)-5-hidroxifuran-2(5H)-ona no tratamento da esteatose hepaética
em camundongos obesos. Para a realizacdo deste estudo foram utilizados 48 camundongos
machos swiss com oito semanas de idade. Os camundongos foram aleatoriamente distribuidos
em seis grupos, ST (grupo padrdo), ST+ATB (grupo padrdo + antibidtico), ST+LC (grupo
padrdo + lactona) HFD (dieta hiperlipidica), HFD+ATB (dieta hiperlipidica + antibidtico),
HFD+LC (dieta hiperlipidica + lactona). A inducdo a obesidade teve duracdo de quatro meses
e 0 tratamento com o antibiotico e lactona teve duragdo de um més. Os animais foram pesados
a cada trés dias durante todo o periodo de inducdo da SM e tratamento, foi realizado o teste
glicemia em jejum, quanto a ingestdo alimentar foram avaliados diariamente. ApG4s o término
do tratamento os animais foram pesados e eutanasiados por decaptacdo em guilhotina, foi
coletada amostra do figado. Foram feitas andlises histologicas, e peso do figado. O significado
estatistico das diferencas nos valores médios entre os grupos foram avaliados por fator ANOVA.
Os resultados demonstram uma diminuigdo do peso dos animais e do figado ap6s o tratamento
com a lactona sintética (HFD+LC), além de melhora no perfil glicémico em jejum nesse grupo.
Conclui-se que a lactona sintética apresenta relevancia no tratamento da esteatose hepatica e da
obesidade de animais, com melhora histolitica significativa nas células adipdcitas do figado.

Palavras-chave: Obesidade. Doenca hepéatica gordurosa ndo alcodlica. Sindrome
metabolica. Lactona.



ABSTRACT

The disease is corrective of the association of factors that results in excessive obesity of body
fat. It currently represents a public health problem due to its epidemiological scope and
association with other very prevalent pathologies such as arterial hypertension and type 1l
diabetes mellitus. Also obesity or the development of metabolic obesity, among other causes,
are related to the Renin Angio System. Fat deposition, metabolic syndrome (MS) and
associated risks increase with aging, as well as metabolic comorbidities and obesity
aggregation coefficients are responsible for causing morphological changes in liver tissue. The
natural lactones of the representative type, but they present a great variety of biological
species, and therefore their structures of inspiration for the preparation of a biological source
of biological origin. Thus, the present study aims to evaluate the effect of the synthetic lactone
3-chloro-4-(p-chlorophenylsulfonylamino)-5-hydroxyfuran-2(5H)-one in the treatment of
hepatic steatosis in obese mice. For the accomplishment of this study, 48 mice were used
swiss males at eight weeks of age. Mice were randomly assigned to six groups, ST (standard
group), ST+ATB (standard group + antibiotic), ST+LC (standard group + lactone), HFD
(high-fat diet), HFD+ATB (high-fat diet + antibiotic), HFD+LC (high-fat diet + lactone).
Obesity induction lasted four months and treatment with antibiotics and lactone lasted one
month. The animals were weighed every three days throughout the period of MS induction
and treatment, the fasting glucose test was performed, and food intake was evaluated daily.
After the end of the treatment, the animals were weighed and euthanized by guillotine
decapitation, and a liver sample was collected. Histological analyzes and liver weight were
performed. The statistical significance of differences in mean values between groups were
evaluated by factor ANOVA. The results demonstrate a decrease in the weight of the animals
and the liver after treatment with synthetic lactone (HFD+LC), in addition to an improvement
in the fasting glycemic profile in this group. It is concluded that synthetic lactone is relevant in
the treatment of hepatic steatosis and obesity in animals, with significant histological
improvement in liver adipocyte cells.

Keywords: Obesity. Non-alcoholic fatty liver disease. Metabolic syndrome. lactone.
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1 INTRODUCAO

A obesidade é uma transformacédo caracterizada pela ampliacdo desproporcional do
peso corporal em relagdo a altura, devido a agregacdo de gordura. A obesidade é considerada
uma pandemia do século atual pela Organizacdo Mundial da Sadde (OMS) e outras
organizacdes internacionais (ABARCA-GOMEZ et al., 2017).

A prevaléncia de sobrepeso e obesidade estd aumentando a um ritmo alarmante em
muitos paises. A populacdo de obesos adultos mais que dobrou no pais 2003 e 2019, passando
de 12,2% para 26,8% (IBGE, 2020). O aumento da prevaléncia da obesidade é explicado
pelas mudancas comportamentais ocorridas nas Gltimas décadas principalmente devido a uma
dieta irregular e sedentarismo (OMS, 2015). Nos paises de renda média os sistemas de
vigilancia tém detectado tendéncias crescentes de obesidade ao longo do tempo (FERREIRA
etal., 2019).

A sindrome metabolica (SM) é um complexo de fatores de risco inter-relacionados
para doencas cardiovasculares e Diabetes Mellitos (DM2) manifestado por hiperglicemia,
hipertensao, dislipidemia e obesidade abdominal (MUSSI e PETROSK, 2019).

Estima-se que a SM afete uma quantidade significativa da populacdo adulta e a
prevaléncia esta aumentando devido a obesidade e sedentarismo, principalmente em pessoas
com mais de 60 anos. A SM foi associada a um risco aumentado de DM2, doenca
cardiovascular e mortalidade. Individuos afetados pela SM ou obesidade sdo 5 vezes mais
propensos a desenvolver DM2. A partir dai a morbimortalidade cardiovascular foi
significativamente maior na presenca de SM (SOUZA et al., 2015).

A doenca hepatica gordurosa nao alcodlica (DHGNA) é uma condicdo muito comum
caracterizada pelo acumulo de lipidios no figado que pode levar a estagios de fibrose, cirrose e
carcinoma hepatocelular (HENA) mais avancado. A prevaléncia mundial da doenca hepatica
gordurosa nao foi determinada, mas parece ser a doenca hepatica mais comum no mundo
ocidental (DIAS et al., 2009). O principal mecanismom da DHGNA estd relacionado a
resisténcia a insulina (RI), o sedentarismo a ma alimentacdo tém sido implicados na agresséo e
sobrecarga hepatica da DHGNA que esta intimamente relacionada a DM2 e a obesidade,
doencas que atingiram proporcdes epidémicas em todo o mundo (SOUSA et al., 2014).

Vérias estratégias precisam ser otimizadas para fornecer alternativas para a prevengdo
e tratamento da DHGNA no cenario da obesidade. Sendo assim, devem-se procurar novas
substancias capazes de controlar essa doenca.

Uma estratégia muito utilizada é a sintese de novas substancias baseada em produtos
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naturais. As lactonas do tipo butenolideos constituem um grupo de substancias naturais que
apresentam uma diversidade de atividades bioldgicas (BARBOSA et al., 2010). Diante desse
contexto, 0 objetivo desse trabalho foi avaliar o efeito da 3-cloro-4-(p-
clorofenilsulfonilamino)-5-hidroxifuran-2(5H)-ona na esteatose hepatica em camundongos

obesos.
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2 REVISAO DE LITERATURA
2.1 Obesidade

A obesidade € estipulada pela demasia de gordura corporal, ligada a varios riscos
para a saude, englobando os aspectos sociais, comportamentais e biologicos. A partir da
abundancia de gordura é possivel identificar predisposicdo para doencgas cronicas nédo
transmissiveis, como por exemplo, o diabetes, as doencas cardiovasculares, cancer dentre
outras (ALMEIDA et al., 2017).

As principais causas pertinentes a obesidade, pode-se referir a uma alimentacao
inadequada com elevada quantidade de carboidratos e aglcares, pouco consumo de
frutase e sedentarismo. Fatores genéticos influénciam no ganho de peso e na dificuldade do
emagrecimento (SHOLER et al., 2016).

A obesidade possui coeficientes genéticos, 0os quais por meio de um rastreamento
pode- se indicar quais filhos com pais obesos tera probabilidade de se tornarem também
obesos. Entretanto, visto que pais e filhos, além da semelhanca dos genes, aquerenciam 0s
habitos semelhantes de alimentacéo e atividade fisica (TEIXEIRA et al., 2016).

O diagnoéstico da obesidade € feito com base em um pardmetro prescrito pela
Organizacdo Mundial da Saude indice de massa corporal (IMC) obtido a partir da relacdo
entre peso corporal (kg) e tamanho (m)?2 de pessoas fisicas. Por meio desse parametro pessoas
com IMC igual ou superior a 30 kgm? sdo consideradas obesas (WORLD HEALTH
ORGANIZATION, 1988).

Na literatura é consenso que a etiologia da obesidade é bastante complexa
apresentando um carater multifatorial (WORLD HEALTH ORGANIZATION., 1988). Dessa
forma, engloba uma série de fatores do individuo incluindo histéricos, politicos
socioeconbmicos, psicossociais ideoldgicos e culturais, bem como ambientais e genéticos.

Observamos, no entanto, que em geral, os fatores de obesidade mais estudados s&o 0s
fatores ideologicos relacionados ao estilo de vida principalmente no que diz respeito as
combinacOes de dietas e atividade fisica. Essas investigacOes se concentraram em questdes
associadas ao aumento da ingestdo energética de dietas e reducdo da atividade fisica com uma
combinacdo de estilos de vida sedentdria perfis de estilo de vida ocidental moderno
(MONTEIRO; MONDINI, 1998).
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2.2 Sindrome Metabdlica

A sindrome metabdlica (SM) é uma desordem complexa caracterizada por um
conjunto de fatores de risco cardiovasculares comumente associados a deposicdo central de
gordura e resisténcia a insulina. A sindrome metabdlica (SM) é um grupo de anormalidades
que inclui diabetes mellitus (DM), obesidade, dislipidemia e hipertenséo arterial sistémica
(HAS), todos os fatores de risco para o desenvolvimento, doengas cardiovasculares (DCV) e
insuficiéncia renal cronica (IRC) (TRAN et al., 2020).

A sindrome metabdlica (SM) é desenhada por obesidade abdominal, escoltada de
niveis ilustres de glicose em jejum, resisténcia a insulina, hipertensdo arterial e dislipidemia.
Configurando importante coeficiente de risco para o desenvolvimento de outras comorbidades
clinicas, especialmente diabetes mellitus tipo 2 (DM2) e doencas cardiovasculares (LIMA et
al., 2021).

A resisténcia a insulina em pacientes obesos também pode aumentar o risco do
individuo adquirir diversas patologias cronicas. Nota-se também que em alguns estudos
surgiu uma hipotese se a inflamacdo do tecido adiposo poderia contribuir diretamente para
resisténca a insulina em individuos obesos e consequentemente ocasionar um processo
inflamatdrio. Uma vezque as anormalidades metabdlicas ligadas a Resisténcia a insulina séo
geralmente encontradas em pacientes com obesidade abdominal (MARTINS et al., 2015).

Uma situacdo frequentemente relacionada a SM é a anomalia endotelial,
caracterizada por alteracdes da estruturacdo vascular arterial, precipuamente do endotélio
e da membrana basal capilar, que despertam complica¢bes microvasculares. Comumente, 0
remodelamento da membrana basal endotelial desencadeia processos de erosdo e trombose
vascular em individuos com disturbios metabolicos (TRAN et al., 2020)

O excesso de gordura depositado ao entorno dos vasos e 6rgdos viscerais colaboram
para a instalacdo de quadro inflamatorio crénico de baixo grau, resisténcia a insulina,
desordens também comuns na obesidade (MARTINS et al., 2015).

2.3 Esteatose hepatica gordurosa néo alcoolica

Entende-se que a doenca hepatica gordurosa ndo alcodlica (DHGNA) consiste em um
acumulo excessivo de gordura em mais de 5% das células hepaticas de uma pessoa que
ndo consome bebidas alcodlicas ou usa pequenas doses. Trauma e a resposta Sao

disfuncionais, podendo evoluir para patologias mais graves como cirrose e carcinoma
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hepatocelular (FANG et al., 2018).

A Esteatose hepatica gordurosa ndo alcodlica (DHGNA) é considerada a desordem
hepatica mais comum nos paises industrializados com prevaléncia progressivamente maior
nas ultimas décadas, possivelmente associado a mudancas nos habitos alimentares e estilo de
vida (CRUZ et al., 2016)

No territdrio brasileiro, verificou que a prevaléncia da doenga variou entre 20 e 40%,
(CRUZ et al. 2016), pacientes afetados pela DHGNA a maior parte sdo assintomatica, mas
alguns deles, em estagio da esteato-hepatite, apresentar mal-estar, incbmodo na parte superior
do abdome e fadiga, podendo encontrar hepatomegalia (BRUNT et al., 2015). Entretanto, o
curso da doenga é enganoso, geralmente com diagndstico acidental através de exames
complementaresde imagem (ALWIS NMW et al., 2016).

A patogénese da DHGNA néo esta explicita de forma integral (KUPCOVA et al.,
2019). Entretanto os avangos dos estudos, a teoria dos “dois hits” foi substituida pelo modelo
de “multiplos hits”, que incorpora diversos processos, incluindo lipotoxicidade, ativagdo do
sistema imune, fatores genéticos e ambientais. Ferro hepéatico, hormdnios intestinais,
deficiéncias de antioxidantes e bactérias intestinais estdo implicados no desenvolvimento da
DHGNA (MAURICE, MANOUSOU, 2018).

A biopsia hepatica € um padrdo para diagnostico e estratificacdo histolégica da
DHGNA, além de executarum papel no prognostico da doenca ao permitir avaliar a presenca
ou nao de fibrose periportal, importante indicativo de complica¢6es em longo prazo (DEBES,
2015).

As doengas hepéticas gordurosas ndo alcoolicas (DHGNA) incluem basicamente duas
categorias histologicamentes definidas que sao figado gorduroso nédo alcoolico que caracteriza
por uma esteatose hepatica isolada com ou sem inflamacdo especifica moderada e o esteato
por hepatite ndo alcoolica (NASH), que apresenta como agravante a presenca de lesdo

hepatocelular mesmo sem fibrose (VIDIGAL, et al., 2013).

2.4 Lactonas do tipo butenolideo

Os butenolideos séo lactonas ciclicas de cinco membros. Suas estruturas podem ser

representadas por anéis do tipo | e Il (Figura 1) e estdo presentes em uma diversidade de

produtos naturais isolados de plantas, algas e esponjas (BARBOSA et al., 2010). Quando se
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tem uma hidroxila na posicdo 5 do butenolideo, também chamada de posicédo vy, tem-se um y-
hidroxibutenolideo ou 5-hidroxibutenolideo (TILVI et al., 2019).

Riw 32 Ri4 s B«
(e o2 £
5 01 0] R5 01 (0] HO (0] o
U) (1
A3-butenolideo A*-butenolideo y-hidroxibutenolideo

Figura 1 - Estruturas gerais dos butenolideos.

Como exemplos desses butenolideos de origem natural, pode-se destacar o
petrosaspongiolideo M que é um metabolito que pertence a familia dos sesquiterpenos
marinhos e possui em sua estrutura a unidade y-hidroxibutenolideo, como se pode observar na
Figura 2. Esse butenolideo foi isolado da esponja marinha Petrosaspongia nigra e apresenta
grande atividade anti-inflamatéria (RANDAZZO et al., 1998).

O manoalideo € um composto isolado de uma esponja marinha e possui atividade anti-
inflamatéria (LEE, 1994; SILVA; SCHEUER, 1980). O manoalideo, cuja estrutura é
mostrada na Figura 2, possui uma unidade 5-hidroxibutenolideo com um substituinte na
posicao 4 do anel da furanona.

Ja a cianopicrina € uma y-butirolactona triciclica sesquiterpénica encontrada em folhas
de alcachofra (Cynara scolymus L.) e causa uma forte perda de peso com reducdo da gordura
corporal (Figura 2) (GROTHE et al., 2020; ELSEBAI et al., 2016).

Produtos naturais bioativos sdo considerados fontes promissoras para 0
desenvolvimento de novas drogas, pois as estruturas das moléculas de origem natural servem
como modelo para a sintese de diversos compostos com o objetivo de avaliagdo suas
atividades biologicas (GUERRETO et al., 2007).
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Figura 2 - Estruturas do petrosaspongiolideo M, cianopicrina e manoalideo.

Como se percebe, moléculas de origem natural contendo a unidade lactona do tipo
butenolideo apresentam significativa importancia no contexto de moléculas biologicamente
ativas. Em consonancia com esse fato e reconhecendo-se a importancia dos produtos naturais
na descoberta de novas moléculas biologicamente ativas, sintetizou-se e avaliou-se no
presente trabalho uma nova lactona do tipo y-hidroxibutenolideo, a 3-cloro-4-(p-
clorofenilsulfonilamino)-5-hidroxifuran-2(5H)-ona. A funcionalizagédo dessa estrutura foi feita
por meio da adi¢do da sulfonamida na posicao 4 do anel butenolideo (Figura 3).

Para avaliacdo da sua atividade biolégica o composto foi administrado em

camundongos submetidos a uma dieta hiperlipidica.

HOM

0”0
Figura 3 - Lactona sintetizada e avaliada no presente trabalho.
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3 OBJETIVOS

3.1 Objetivo Geral:

Avaliar o efeito da 3-cloro-4-(p-clorofenilsulfonilamino)-5-hidroxifuran-2(5H)-ona na

esteatose hepatica em camundongos obesos.

3.2 Objetivos Especificos:

Avaliar os efeitos da 3-cloro-4-(p-clorofenilsulfonilamino)-5-hidroxifuran-

2(5H)-ona no peso corporal e do figado dos camundongos obesos tratado.

Avaliar efeitos dos tratamentos na prevencdo da esteatose hepatica;
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4 METODOLOGIA

O preparo da 3-cloro-4-(p-clorofenilsulfonilamino)-5-hidroxifuran-2(5H)-ona foi
realizado na Universidade Federal de Itajuba. Detalhes da sintese e dados de caracterizacao
espectroscopica e espectrométrica da referida substancia podem ser encontrados no anexo A.

Para a analises das atividades metabolicas foram selecionados 48 camundongos swiss
machos com oito semnas de idade, obesos e divididos em seis grupos conforme o tratamento
da dieta: ST (grupopadrdo), ST+ATB (grupo padrdo + antibiotico), ST+LC (grupo padréo +
lactona) HFD (dieta hiperlipidica), HFD+ATB (dieta hiperlipidica + antibidtico), HFD+LC
(dieta hiperlipidica + lactona).

A inducdo a obesidade teve duracdo de quatro meses e o tratamento com o antibiotico
e lactona durante um més. Os animais foram pesados a cada trés dias durante todo o periodo
de inducdo da SM e tratamento e a ingestdo alimentar foram avaliados diariamente. Apds o
término do tratamento os animais foram eutanasiados por decaptacdo em guilhotina, foram
coletadas amostras de sangue e o figado.

A andlise histologica desta pesquisa foi realizada no laboratério de Pesquisa do
Hospital Universitario Clemente de Faria - PPGCS em Montes Claros, MG foi analisado com
técnicas de histoldgias.

O peso corporal e do figado, e a glicemia em jejum dos animais foram realizadas no
laboratorio biotéro da Universidade Estadual de Montes Claros — UNIMONTES.

Os dados foram tabulados em uma planilha do Microsoft Excel, versdo 2010, sistema
operacional Windows. Aplicaram-se calculos de estatistica basica ao universo total de dados
com a proposta de se conhecerem as médias (aritmética, geométrica e mediana), desvios
padrdes e respectivas dispersdes visualizadas por meio de gréaficos lineares, por meio de
analise de variancia ANOVA submetida em teste comparativo pelo Tukey (p>0,05) de
probabilidade.

As delimitagdes qualitativas e quantitativas das informacdes foram interpretadas em
gréficos e ilustracdes, posteriormente analisados, discutidos e ponderados para elaboragédo do
produto, artigo cientifico, que foi submetido no periodico Gastroenterelogia Yy

Hepatolia.conforme apresentado no Anexo B.
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ABSTRACT

Liver steatosis is becoming a common Metabolic Syndrome (MS) feature and is mainly characterized by lipid
hepatic deposition commonly associated with obesity. There is a crescent need for new medicaments and
treatments to improve liver steatosis and butenolides stands as a promising drug class. Thus, the aim of the
present study was to evaluate the effect of a new lactone called 3-chloro-4-(p-chlorophenylsulfonylamino)-5-
hydroxyfuran-2(5H)-one in the treatment of liver steatosis in obese mice. 48 Swiss male mice with 8 weeks of
age were used and allocated in the bioterium of the State University of Montes Claros. Mice were randomly
assigned for the six groups: ST (standard group), ST+ATB (standard group + antibiotic), ST+LC (standard group
+ lactone), HFD (fatty diet), HFD+ATB (fatty diet + antibiotic), HF+LC (fatty diet + lactone). The animals were
weighed every three days throughout liver steatosis induction. Obesity induction for four months and antibiotic
and lactone treatment for one month. Animals were added every three days throughout the period of MS
induction and treatment and food intake was daily. After the end of the treatment, the animals were euthanized
by guillotine decapitation ,samples of blood and liver were collected. Histological analyze and fasting blood
glucose measurement were performed. The main results demonstrate a decrease in liver steatosis after lactone
treatment. In conclusion the present study showed that 3-chloro-4-(p-chlorophenylsulfonylamino)-5-
hydroxyfuran-2(5H)-one molecule may be a promising treatment for liver metabolic disturbances.

Keywords: Obesity; non-alcoholic fatty liver disease, metabolic syndrome.
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1. INTRODUCTION

Obesity is a chronic disease resulting from a positive energy balance associated with
disproportional accumulation of adipose tissue which can compromise individual health and is
related to behavioral and physiological mechanisms disruptions causing a series of changes in
the endocrine system commonly associated with insulin resistance, cardiovascular diseases
and liver steatosis [1, 2].

The Brazilian population has experienced changes in nutritional profile, emphasizing
the increase in the supply of industrialized foods for children since their first years of life [3].
Foods consumed by the young population are recognized by the exorbitant index of sugar,
salt, saturated fats, trans, low index of complex carbohydrates and fibers, in addition to
processed or ultra- processed foods, such as biscuits, sausages, canned foods, soft drinks and
ready meals [4].

Nonalcoholic steatohepatitis (NASH) is a complex disease modulated by several
metabolic, genetic, environmental and intestinal microbiota mechanisms, being characterized
by fattyacids infiltration in hepatocytes, accompanied by inflammation, oxidative stress and
cellular injury [5].

Non-alcoholic fatty liver diseases (NAFLD) basically include two histologically
defined categories characterized by an isolated hepatic steatosis with or without
moderate nonspecific inflammation and nonalcoholic steatohepatitis (NASH), which presents
as aggravating the presence of hepatocellular injury [6].

Several strategies have been optimized to provide alternatives for the prevention and
treatment of NAFLD in the context of obesity. The use of oral drugs and medicaments are
crucial options. The butenolides represent a compound class that include the lactones of five
members and that are present in a diversity of natural products isolated from plants, algae and
sponges [7]. When there is a hydroxi group in position 5 of butanolide ring, also called
position vy, it is called a y-hydroxybutenolide or 5-hydroxybutenolide [8].

As examples of these butenolides of natural origin, it can be highlighted the
petrosaspongiolide M which is a metabolite that belongs to the family of marine
sesquiterpenes and has in its structure the unit y-hydroxybutenolide. This butenolide was
isolated from the marine sponge Petrosaspongia nigra and has great anti-inflammatory
activity [9]. The manoalide is a compound isolated from a marine sponge and has anti-

inflammatory activity [10]. The cyanopicrin is a tricyclic butyric sesquiterpene found in



24

artichoke leaves (Cynara scolymus L.) and causes strong weight loss with reduced body fat
[11, 12, 13].

In line with these studies and recognizing the importance of natural products in the
discovery of new biologically active molecules, a new lactone of the type y-
hydroxybutenolide, 3-chloro-4-(p-chlorophenylsulfonylamino)-5-hydroxyfuran-2(5H)-one
was synthetized and fully characterizated by 1V, NMR and HR-ESI-MS and had its biological
activity evaluated on treating liver steatosis in obese mice.

2. METHODS

Development of the substance  3-chloro-4-(p-chlorophenylsulfonylamino)-5-

hydroxyfuran-2(5H)-one

Route synthetic and characterization data of the title compound are described in the
Figure 1 in the Supplementary Material.

Study design

For this study, 48 8-week-old Swiss male mice from and allocated in the bioterium of
the State University of Montes Claros were used. The mice were randomly distributed
intofour groups, among which two were fed with standard diet (DP) ad libitum and the other
two with a high-fat diet 60% (HD) ad libitum for 17 weeks to induce MS. After this period,
treatment with the following groups was initiated, each with 8 animals: standard diet without
Lactone (PD); standard diet plus Amoxiline (DP+ATB); standard diet plus Lactone (DP+LC);
high-fat diet without Lactone (HD); more Amoxiline (DH+ATB) and a high-fat diet plus
Lactone (DH+LC). They were kept in controlled conditions of light (12-hour cycle light and
dark) and temperature (21°C).

Diet Preparation

The standard diet is (Purina — Labina®) is composed of 66% carbohydrates, 23%
protein and 11% fat, with a total of 3.95 Kcal per 1g. The high-fat diet is produced
with 40.57% cornstarch, 14% casein, 15.5% dextrinized starch, 10% sucrose, 10% soybean
oil, 5% cellulose and fiber, 3.5% mineral mix AIN-93 M, 1% of vitamin mix AIN-93, 0.18%
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of L-cysteine, 0.25% of choline bitartrate and 0.0008% of terc- butylquinone, having a
composition of 24% of carbohydrates, 15% of proteins and 61% of fat, representing a total of
5.28 Kcal per 1g of diet. DH was prepared and packaged according to the determinations of
the Official Association of Analytical Chemistry [14,15] and all components were acquired by
Rhoster® LTDA (S&o Paulo, SP, and Brazil) diets prepared according to [16]. Both diets were
available ad libitum throughout the period of MS induction and treatment.

Body weight measurement, food intake and tissue collection

The animals were weighed every three days during the entire period of MS induction
and treatment and food intake was evaluated daily. After the end of treatment, the animals
were euthanized by guillotine decapitation, blood, white adipose tissue (epididymis,
subcutaneous, mesenteric and retroperitoneal), brown adipose tissue and liver were collected.
The tissues were weighed and immediately frozen in liquid nitrogen and then stored in a

freezer at -80°C, a fragment of the liver was fixer in 10% formaldehyde solution.

Drugs and administration

Lactone 3-chloro-4-(p-chlorophenylsulfonylamino)-5-hydroxyfuran-2(5H)-one and
an antibiotic Amoxiline were diluted in filtered water and administered orally through the use
of the gavage technique, at a dose of 70 mg/kg/day, every day for 30 days. Both substances
were previously diluted in filtered water before administration. Being given four months of
diet without medication and then four weeks of medication. All animals in the inclusive

groups of the control groups without receiving water by gavage in the groups every day.

Glucose tolerance test (GTT)

GTT the animals were fasted overnight and given intraperitoneally D-glucose at the rate
of 2 mg/g animal weight and glucose levels were evaluated at 0, 15, 30, 60 and 120 min
after the administration. For the measurement of glycemia, a standard glycosimeter was

used.



26

Histological staining by hematoxylin and eosin

The hepatic tissue fixed in 10% formaldehyde was dehydrated through a series of
graded alcohol and xylene, and then incorporated into paraffin. Sections of 5um were cut and
prepared for hematoxylin and eosin staining. Images were obtained from optical microscopy,
Microscope FSX100 Olympus® (Life Science, USA), with an increase of 200X. From each
blushed blade, five photos taken from random fields were obtained. The images were
analyzed with the help of the Java image processing program Image-J (Wayne Rasband,
Research Services Branch, National Institute of Mental Health, Bethesda, Maryland, USA).
The fat area of the hepatocytes (stabatasis) was determined by the area of the fat droplets

divided by the total area of the photo in um2.

Statistical analysis

Data were tabulated in a Microsoft Excel spreadsheet, version 2010, spreadsheets
(Microsolft ®, Redmond, Washington, USA).

For qualitative delimitation, the histological analysis was performed. And for
quantitative analysis, the ANOVA analyzed with 95% of data confidence (p<0.05) was
adopted, to evaluate new hydroxybutenolide with sulfonamide compound effect on treating
liver steatosis in obese mice and the treatments were compared by the Tukey test ( p<0.05).

Basic statistical calculations were applied to the total universe of data with the
proposal of knowing the means (arithmetic, geometric and median), standard deviations and
respective dispersions visualized through linear graphs of time series.

Laboratory analyzes at the Research Laboratory of the University Hospital were
carried out in 30 days in the period from 2021 to 2022.

Ethical aspects of research

This study was carried out within the research line of the Project entitled: “Food and
health” and approved by the Research Ethics Committee of the State University of Montes
Claros (UNIMONTES) under registration Certificate of Presentation for Ethical Appreciation
(CAAE) n° 126/2021. Furthermore, was authorized by the Human Resources Department of
the University Hospital. And the study animals were obtained from the Unimontes vivarium,

granted and authorized for research use under the Free and Informed Consent Term (ICF),
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voluntarily, after clarifying the study proposal at all stages. Absolute confidentiality of the

information was guaranteed, as well as the privacy and anonymity of those involved.

3. RESULTS

Lactone treatment resulted in metabolic improvements in relation to animal weight.
After treatment, body weight showed a significant difference (p<0.05) from standard diet (ST)
with ST+LC, as well as highly significant (p<0.01) between ST+ATB with ST+LC (Fig. 1A).

However, the HFD compared with HFD+LC showed in figure 1A, a significant
difference (p<0.05), with lactone being a substance that potentiated this effect..

Regarding liver weight, there was no significant difference between the diets (ST,
ST+ATB, ST+LC), and the hyperlipidic diet (HFD) compared with the diet with the
HFD+ATB and HFD+LC diets showed high significance. of (p<0.05) (Fig. 1B).

In figure 1C, the analysis of the fasting glycemic index for the standard group (ST)
compared to (ST + ATB) shows that there was a significant difference (p<0.05), as well as the
ST diet with the ST +LC (p<0.05). In (HFD) compared to (HFD+ LC) there was a significant
difference (p<0.05) showing a reduction in the glycemia of the treated animals.

The liver histological data showed no difference between the eutrophic control (ST)
and their respective treatments, for the diameter of the hepatocytes. However, the HFD group
differed from the other groups HFD+LC, (p < 0.01) and HFD+ATB, (p < 0.01), as shown in
(Fig. 2A). Thus, it can be observed that the diet with the use of lactone reduced the diameter
of the adipocytes. the HFD group showed an increase in hepatic steatosis while antibiotic
treatment promoted a reduction in steatosis. The group that received lactone promoted more

significant improvements with a decrease in the size of adipocytes. in (Fig. 2B).

4. DISCUSSION

In the present study, the effects of lactone on hepatic steatosis in male mice were
evaluated for the first time using a model of obesity, induced by a high-fat diet. The main
results showed a greater deposition of hepatic fat in the liver of mice that received a high-fat
diet compared to other diets, corroborating other findings [17, 18, 19].

The development of hepatic steatosis in high-fat fed mice. In contrast, animals fed a

standard diet did not show steatosis.
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On the other hand, [17] showed that gallic acid was able to induce liver changes even
in animals fed a high-fat diet, results also found in [18] who found a significant reduction of
lipids in the liver with the use of diaet with gallic acid. Results of lactone in the diet in the
mice of the present work showed similar results to these other products on the market.

On the other hand, [19] verified in studies of the glycemic profile, inflammatory
markers and biochemical parameters of mice fed with fermented milk drink with the addition
of clove essential oil that the dosage of 2 ml of this treatment showed no evidence of change
in terms of inflammation, steatosis and fibrosis.

Obesity induces a series of changes, and the liver is the most affected central organ
of metabolism, demonstrating the contribution of hepatic steatosis in cardiovascular and renal
changes associated with obesity and type Il diabetes mellitus. In their results they found a
decrease in body weight after treatment with Enalapril, as well as reduced size of epididymal
fat pad (EFP), reducing hepatic steatosis, decreasing angiotensin converting enzyme
expression and increasing angiotensin converting enzyme 2 expression, as well as in the
present study, the lactone substance obtained the same effect of reducing hepatic steatosis
[20].

The ecogenicidade hepatic function and the measurement of steatosis were lower in
the obese groups treated with Enalapril, also modulating the expressions of the angiotensin-
converting enzymes ACE2/ACE [20].

The measurement of the animal's liver weight and histological analysis showed
changes in the animal model used. Thus, animals treated with diet with lactone nutrition
associated with a standard or high-fat diet in this study showed metabolic improvements. The
liver condition that is associated with the overweight and hyperglycaemia changes presented
by the HD group occurs because obesity and insulin resistance increase the rate of lipolysis in
adipose tissue and transport of free fatty acids to the liver [21].

In the present study, it is it was noted that lactone promoted weight reduction. In swiss
male mice obesity may be the origin of the formation of danger signals, such as the increase
of free fatty acids, and consequently activate the NLRP3 inflammasome leading to the release
of inflammatory signals [22, 23].

The main problem involved in the origin of hepatic steatosis is related to IR, which
causes an imbalance between the import and export of fat to the liver [19-20]. Histological
analysis of the liver showed that animals treated with the new substance reduced the

accumulation. of fat inside the hepatocytes.
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Liver disease is the leading cause in the world with an estimated prevalence of 25% to
45% in most studies, increasing with obesity and diabetes, which, in turn, have a prevalence
of 70% to 80% within these groups. [24]

One of the classic solutions for the treatment of diseases, including metabolic
syndrome, is the use of drugs, but they have side effects and affect organs responsible for
metabolizing them, mainly due to incorrect or irrational use. The ingestion of natural
compounds is an affordable option to reduce the risk of developing several diseases,
especially those resulting from deregulation of metabolism. In the present study, it was
observed that the synthetic lactone reduced the weight of obese mice. [22]

Regardless of the way to be conducted (dietary, drug or surgical), the treatment of
obesity requires identification and change of inadequate lifestyle components of the
individual, including changes in diet and physical activity [24] Analyzes carried out in the
present study estimate that lactone showed weight reduction in treated animals. Although, it
suggests changes in the diet and physical activity of animals.

5. CONCLUSIONS

The new substance, lactone, promoted a multifunctional effect in animals, with
reduction of glycemia and obesity, also affecting benefits to minimize the progression of non-
alcoholic hepatic steatosis in mice. Lactone shows a potential therapeutic alternative.

After treatment, body weight showed a substantial difference in the lactone + standard
diet groups, as well as weight reduction and greater effort with a high-fat diet + lactone.

The lactone consumption was associated with no weight to the animals, through the
promotion of diet consumption and the glycemic index. It showed a significant histological
improvement with hepatocytes accessories.

In conclusion, note in the present study that the animal model reduced to obesity had
weight reduction when consuming a lactone did present a reduction in the hepatocytes

observed in the histological analysis.
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SUPPLEMENTARY MATERIAL

Cl o 5
6
2 g
cl Cl i N, O
83%

Reagents and conditions: (i) H,O, KOH, 60 °C, 10 min.; (ii)
4-chlorobenzenesulfonamide, KOH, EtOH, 60 °C, 40 min.

Figure 1. Preparation of 3-chloro-4-(p-chlorophenylsulfonylamino)-5-hydroxyfuran-2(5H)-

one.
1. Synthesis

Infrared spectra were recorded on a PerkinElmer SPECTRUM 100, equipped with
scanning from 4000 to 500 cm™. The *H and *C NMR spectra were recorded on a Brucker
DRX-400 Avance (400 MHz), using deuterated chloroform as a solvent and tetramethylsilane
(TMS) as internal standard (5 = 0). High resolution mass spectra were recorded on a Shimatzu
LCMS-IT-TOF. Analytical thin layer chromatography analysis was conducted on aluminum

packed precoated silica gel plates.

Synthesis and characterization of 3-chloro-4-(p-chlorophenylsulfonylamino)-5-hydroxyfuran-
2(5H)-one.

In a round-bottomed flask (100 mL), were added mucochloric acid (0.169 g, 1.0
mmol), distilled water (10.0 mL) and potassium hydroxide (2.8 mg, 0.05 mmol,). The system
was kept under magnetic stirring at 60°C for 10 minutes. Then, 4-chlorobenzenesulfonamide
(1.0 mmol, 0.191 g) and KOH (0.05 mmol, 2.8 mg) were previously solubilized in ethanol,
(10 mL) and dropped into this flask resulting yellowish solution that was kept under stirring
and heating for 40 minutes. Concentrated HCI was then added and the pH was reduced to
approximately 1.0. The resulting solution was extracted with chloroform (3 x 20 mL). The
organic phases were combined, dried over anhydrous sodium sulfate and concentrated under
reduced pressure, yielding a pale yellow solid that was recrystallized from a mixture of

acetone:water (1:1). The product was obtained as yellow crystals in 83% vyield (0.269 g). IR
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(ATR) v (max/cm™) 3400-2200; 3329; 1726; 1325; 1148. 'H NMR (400 MHz, CDCly): &
5,09 (bs, 2H, -NH, OH), 6,07 (s, 1H, H-5), 7,50 (d, 2H, 3J = 8 Hz, H-3’, H-5"), 7,85 (d, 2H, °J
= 8 Hz, H-3’, H-5"). *C NMR (75 MHz, CDCl3): 5 96,6 (C-5), 127,9 (C-2’, C-6’, C-3), 129,5
(C-3°, C-5°), 1394 (C-4’), 140,1 (C-1°), 149,1 (C-4), 164,8 (C=0). HRMS calcd. for
C10HsCI,NOsS™: 321,9349, found 321,9289.

Body Weight (g)

Figure 1. Final body weight, liver and glucose of mice fed standard and experimental diets.A) Body weight (g);
B) Liver weight (g/BW); C) Fasting plasma glucose levels (mg/dL). *p < 0.05; **p < 0.01; ANOVA. ST:
standard diet; ST+ATB: standard diet with antibiotic; ST+LC: standard diet with lactone; HFD: High-fat diet;
HFD+ATB: High-fat diet with antibiotic; HFD+LC: High-fat diet with lactone
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Figure 2. H&E staining of mice fed standard and experimental diets. A) Epidydimal adipose tissue adipocyte
area (um2); B)Macroscopic and histological images. *p < 0.05; **p < 0.01; ANOVA. ST: standard diet;
ST+ATB: standard diet with antibiotic; ST+LC: standard diet with lactone; HFD: High-fat diet; HFD+ATB:
High-fat diet with antibiotic; HFD+LC: High-fat diet with lactone
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6. CONCLUSAO

O estudo demonstrou que o tratamento com a lactona sintética do tipo vy-
hidroxibutenolideo tem pontencialidades para reduzir obesidade e indice glicémico, sendo
bem sucedida no tratamento dos animais.

A principio, o uso da lactona permitiu controlar a esteatose hepatica e glicemia,
provavelmente prevenindo a progressdo, como alternativa terapéutica relevante no tratamento
das doengas e obesidade nos camundongos.

Ressalta a importancia da reducdo nos adipdcitos e indice glicémico com lactona
associado as dietas, com melhora histologica significativa e com reducbes da area de
adipdcitos, do peso corporal, propiciando fatores benéficos para qualidade de vida.

Recomenda-se prosseguir com novos estudos utilizando a lactona na dieta de animais
e futuramente humana, fomentando a prevencdo da obesidade e esteatose hepéatica nédo

alcodlica.
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ANEXO A

Técnicas espectroscopicas e espectrométricas

Cromatografia em camada delgada (CCD)

Para a CCD foram utilizadas placas ALDRICH de silica gel 60 (espessura de 0,25
mm) sobre suporte em aluminio. Apos a eluicdo, as placas foram observadas em camara de
luz ultravioleta de A= 254 nm (ESPECTRLINE modelo CM10) e reveladas com solucéo de
permanganato de potassio (3 g de KMnQy,, 20 g de K,CO3 e 5 mL de KOH 5% em 300 mL de

agua).
Espectroscopia no infravermelho

Os espectros no infravermelho foram obtidos utilizando um espectrometro PerkinElmer
SPECTRUM 100, disponivel no Centro Analitico do Instituto de Fisica e Quimica da
UNIFEI. As amostras foram analisadas pelo método de reflectancia.
Ressonancia magnética nuclear

Os espectros de RMN foram registrados nos espectrometros Brucker DRX-400

Avance (400 MHz) localizados no Laboratdrio de Ressonancia Magnética de Alta Resolucédo
(Laremar) do Departamento de Quimica da UFMG. As solugdes foram preparadas utilizando-
se cloroférmio deuterado (CDCls). Os experimentos RMN de *H e **C foram obtidos a 25 °C.
Espectrometria de massas de alta resolucao

Os espectros de massas de alta resolucdo foram obtidos utilizando equipamento de
Espectrometria de Massa de Cromatografia Liquida Shimatzu LCMS-IT-TOF do

Departamento de Quimica da Universidade Federal de Minas Gerais.

Sintese de 3-cloro-4-(p-clorofenilsulfonilamino)-5-hidroxifuran-2(5H)-ona
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Cl
Qu,
83%

Reagentes e condi¢des: (i) H,O, KOH, 60 °C, 10 min.; (ii)
4-clorobenzenosulfonamida, KOH, EtOH, 60 °C, 40 min.

Em um baldo de 100 mL, adicionaram-se 1,0 mmol (0,169 g) de acido mucoclérico,
10,0 mL de &gua destilada e 0,05 mmol (2,8 mg) de hidréxido de potassio. Manteve-se 0
sistema sob agitacdo a 60°C durante 10 minutos. Em seguida, gotejou-se nesse baldo 1,0
mmol (0,191 g) de 4- clorobenzenosulfonamida e 0,05 mmol (2,8 mg) de KOH previamente
solubilizados em 10 mL de etanol. Apds o gotejamento a solucdo amarelada resultante foi
mantida sob agitacdo e aquecimento por 40 minutos.

Apo6s esse periodo, adicionou-se HCI concentrado e o pH foi reduzido para
aproximadamente 1,0. Extraiu-se com cloroférmio (3 x 20 mL). As fases organicas foram
reunidas, secadas com sulfato de sodio anidro e, apos filtracdo, o filtrado foi concentrado em
evaporador rotatério sob vacuo e aquecimento, obtendo-se um sélido amarelo-palido. Os
produtos, quando possivel, foram recristalizados numa mistura de acetona:agua 1:1. O

produto foi obtido na forma de cristais amarelos em 83% de rendimento (0,269 g).

Dados referentes ao composto 3-cloro-4-(p-clorofenilsulfonilamino)-5-hidroxifuran-
2(5H)-ona

Cl gy 5
Qi
3
0]
o 1 S” /H
O// \N 43 Cl
5/ \2

FM: C1oH7CI;NOsS

M: 324,13 g.mol™

Aspecto: Solido amarelo-palido

Infravermelho (vima/cm™): 3400-2200; 3329; 1726; 1325; 1148.
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EM (modo anidnico), m/z: Calculado para CioHsCl,NOsS™: 321,9349. Experimental para
C10HsCI,NOsS™: 321,9289

RMN *H (400 MHz, CDCls): 8 5,09 (sl, 2H, -NH, OH), 6,07 (s, 1H, H-5), 7,50 (d, 2H, 3J =
8 Hz, H-3°, H-5"), 7,85 (d, 2H, %J = 8 Hz, H-3’, H-5").

RMN **C (100 MHz, CDCls): § 96,6 (C-5), 127,9 (C-2°, C-6’, C-3), 129,5 (C-3°, C-5"),
139,4 (C-4°),140,1 (C-1°), 149,1 (C-4), 164,8 (C=0).
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ANEXO B

Gastroenterologia y Hepatologia

Oral treatment with a hydroxybutenolide: 3-chloro-4-(p-chlorophenylsulfonylamino)-5-
hydroxyfuran-2(5H)-one improves hepatic steatosis in obese mice
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Liver steatosis is becoming a common Metabolic Syndrome (MS) feature and is mainly
characterized by lipid hepatic deposition commonly associated with obesity. There is a crescent
need for new medicaments and treatments to improve liver steatosis and butenolides stands as a
promising drug class. Thus, the aim of the present study was to evaluate the effect of lactone
(hydroxybutenolide with sulfonamide) in the treatment of liver steatosis in obese. 48 Swiss male
+ with 8 weeks of age were used and allocated in the bioterium of the State University of Montes
Claros. Mice were randomlyassigned for the six groups: ST (standard group), ST + ATB
(standard group + antibiotic), ST+LC (standard group + substance), HF (fatty diet), HF+ATB,
HF+LC. Theanimals were weighed every three days throughout liver steatosis induction and
treatment. After the end of the treatment, the animals were euthanized by guillotine decapitation,
samples of blood and liver were collected. Histological analyze and fasting blood glucose
measurement were performed. The main results demonstrate a decrease in liver steatosis after
lactone treatment. In conclusion the present study showed that (3-chloro (p-
chlorophenylsulfonylamino)-5-hydroxyfuran-2(5H)-ona) molecule may be a promising
treatment for liver metabolic disturbances.
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