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"Je suis de ceux qui pensent que la science est d'une grande beauté.

Un scientifique dans son laboratoire est non seulement un technicien: il est aussi un enfant placé devant des phénomènes naturels qui l'impressionnent comme des contes de fées."

Marie Curie

RESUMO

Prospecção de compostos bioativos de origem natural para o manejo de doenças metabólicas crônicas multifatoriais.

As doenças metabólicas crônicas, incluindo obesidade, diabetes e doenças cardiovasculares e hepáticas, tornaram-se uma ameaça global à saúde devido ao aumento de sua incidência. Essas são doenças complexas causadas principalmente por uma combinação de fatores metabólicos, genéticos e ambientais. Nos países ocidentais industrializados, a doença hepática gordurosa não alcoólica (DHGNA) é a doença hepática mais comum com uma prevalência mundial de 6-35% da polulação.

Apesar dos amplos esforços constantemente dedicados à busca de estratégias terapêuticas eficazes, nenhum tratamento farmacológico específico foi aprovado até o momento. Diante disso, estratégias como mudanças no estilo de vida e uso de medicamentos off-label visando manejar seus fatores de risco e tratar a doença, são os recursos utilizados atualmente para tentar impedir a sua progressão. Esta doença tem um espectro clínico que se inicia com a esteatose hepática (EH), podendo progredir para esteato-hepatite não alcoólica (EHNA), fibrose avançada, cirrose e até carcinoma hepatocelular. Os fatores de risco associados incluem resistência à insulina, obesidade, hiperlipidemia e outros componentes da síndrome metabólica (SM). Produtos naturais, especialmente derivados de plantas, são utilizados por milhares de anos e representam um recurso importante na busca de novas alternativas terapêuticas. Estudos anteriores de nosso grupo de pesquisa mostraram resultados promissores com o extrato butanol (BUT) de Capsicum baccatum var. pendulum e sua fração enriquecida (FE) na prevenção de alterações metabólicas relacionadas à SM em um modelo murino da doença, incluindo a redução do peso corporal, da resistência a insulina, bem como a redução do acúmulo de colesterol e triglicerídeos no fígado. Nesse contexto, este estudo consiste na prospecção e avaliação farmacológica de produtos purificados de Capsicum baccatum utilizando modelos in vitro e in vivo da DHGNA. A primeira parte da tese foi dedicada a uma extensa revisão da literatura que buscou estudar os modelos usados para desenvolver SM em roedores através de dietas hipercalóricas (obesogênicas). Após a análise sistemática da literatura científica, os dados foram tabelados e correlações entre as diferentes condições experimentais utilizadas nos estudos e os desfechos metabólicos alcançados foram estabelecidas. Nesse sentido avaliou-se as espécies de roedores utilizadas, o sexo e a idade dos animais no início do estudo, bem como o tempo de exposição e os diferentes tipos de dietas utilizadas. Por meio deste estudo foi possível fazer uma discussão aprofundada dos modelos que são utilizados atualmente pelos pesquisadores para induzir um conjunto de distúrbios metabólicos crônicos no animal, e com isso, propor condições experimentais otimizadas para estudar a SM em roedores, visando aumentar a reprodutibilidade dos ensaios e reduzir custos de pesquisa. A segunda parte do trabalho se dedicou a obtenção do extrato BUT, da fração FE e de compostos purificados de Capsicum baccatum, bem como de sua caraterização química e avaliação de seus efeitos biológvcos sobre modelo celular de DHGNA. FE e compostos purificados foram obtidos a partir do fracionamento de BUT, guiado por métodos cromatográficos e de extração líquido-líquido. Após esse processo, seis frações purificadas principais foram selecionadas com base no rendimento e na pureza estimada, para dar continuidade aos estudos de identificação química e testes biológicos. Visando identificar o conjunto de metabólitos presentes em BUT e EF bem como compara-los entre si, uma análise metabolômica não direcionada por UHPLC-ESI(+)-MS/MS foi realizada. Na sequência, uma rede molecular foi criada interconectando compostos de acordo com sua similaridade estrutural resultando na formação de clusters. A rede molecular formada identificou o total de 2443 nós (entidades químicas) para BUT e EF, sendo a maior parte deles, 1488 nós (60,9%), presentes somente no BUT, 394 nós (16,1%) provenientes apenas do EF, e 437 nós (17.88%) presentes em ambos os derivados. Esse resultado confirma a obtenção de um produto mais purificado e aponta o enriquecimento da fração EF em compostos bioativos, já que EF mostrou resultados farmacológicos superiores a BUT em estudo anterior do grupo no modelo de SM in vivo. É importante destacar que a presença de compostos pertencentes à classe dos capsaicinoides, como a capsaicina, encontrada em BUT, não foi encontrada em EF. Isso sugere que os efeitos sobre as doenças metabólicas crônicas estudadas até o momento são, pelo menos em parte, independentes da presença de capsaicina. A análise da rede molecular indica a presença de compostos pertencentes às classes dos capsianosídeos, flavonoides, antocianinas, e seus glicosídeos, sendo que alguns desses compostos nunca foram descritos antes para a espécie vegetal. Para avaliar o resultado desse fracionamento bioguiado sobre a atividade biológica dos produtos obtidos, os extratos de origem (BUT e EF) e os compostos purificados (F5 b . 4, F6 b .3, F6 b .4, F6 b .5, F6 b .6 e F6 b .7) foram testados em um modelo in vitro de acúmulo de lipídios induzido em células HepG2 pela exposição à mistura dos ácidos graxos oleato e palmitato (2:1) a 1 mM, mimetizando um cenário de esteatose hepática. Como resultado, após exposição das células aos ácidos graxos durante 16h e coloração com Oil red O, observou-se um aumento expressivo no conteúdo lipídico celular. No entanto, ao tratarmos as células com os compostos purificados uma redução significativa do acúmulo desses lipídios foi observada para todos os compostos na dose de 50 μg/mL, que não aconteceu para os extratos de origem, indicando que o fracionamento pode ter potencializado a ação dos compostos. Além disso, três dos compostos testados (F6 b .4, F6 b .6 e F6 b .7) também apresentaram essa redução do acúmulo de lipídeos em uma dose mais baixa de 10 μg/mL. Cabe ressaltar que experimentos de viabilidade celular por MTT foram conduzidos paralelamente a todos os experimentos como forma de demonstrar que a redução do conteúdo lipídico observada foi independente de uma redução na viabilidade das células. Buscando compreender o modo de ação desses compostos, os níveis de algumas proteínas envolvidas no metabolismo dos lipídios foram investigados. Os resultados obtidos até o momento mostram uma regulação positiva na expressão da CPT1 (carnitina palmitoiltransferase I), proteína envolvida na oxidação mitocondrial dos ácidos graxos. Existem diversas formas de regular positivamente os níveis dessa proteína, portanto o mecanismo de ação exato pelo qual esses compostos ativam essa via e reduzem o acúmulo de lipídios nas células HepG2 ainda precisa ser investigado com mais detalhes. Com base nas atividades encontradas, prosseguimos para a identificação dos compostos presentes nos derivados testados. Através da análise por espectrometria de massas (MS e MS/MS) da fração purificada F5b.4, identificamos uma estrutura com padrão de fragmentação compatível com a do capsianosídeo XIII. Com a análise dos espectros de RMN de 1 H e 13 C, bem como espectros de RMN 2D (COSY, HMBC, HSQC, TOCSY) foi possível confirmar a estrutura observada na análise de massas. Essa é a primeira vez que um composto da classe dos capsianosideos foi identificado na espécie estudada. As análises a respeito da composição química detalhada de BUT e EF a partir da análise por metabolômica, bem como a identificação de outros capsianosídeos nos demais derivados testados continuam em desenvolvimento e espera-se obter o painel completo das estruturas presentes em cada um dos derivados, a fim de determinar os compostos que mais contribuem para os efeitos biológicos observados. Visto que a quantidade de compostos purificados disponível é extremamente limitada, estudos in vivo de longo prazo para verificar a ação desses compostos em um modelo de maior complexidade, como o modelo da doença em roedores, não são passiveis de ser realizados até o momento. Diante disso, testes in vivo foram realizados com os extratos de origem, BUT e EF nas doses de 200 mg/kg e 50 mg/kg, respectivamente. Para isso, dois modelos murinos de NAFLD, mais precisamente NASH, foram conduzidos utilizando camundongos C57BL/6 machos. NASH induzida por uma dieta deficiente em colina, com baixa concentração de metionina e rica em gordura (CDAHFD) foi usada para testar os efeitos da administração oral dos extratos BUT e EF. Ao longo de 12 semanas de alimentação com CDAHFD e tratamento concomitante com extratos BUT ou FE, análises bioquímicas plasmáticas e histológicas foram conduzidas em três diferentes tempos experimentais (3, 8 e 12 semanas). Durante esse período, observou-se que os animais apresentaram uma evolução progressiva compatível com os estágios de EH, EHNA e fibrose hepática avaliada principalmente por meio das alterações morfológicas observadas no corte histológico, mostrando que o modelo é eficaz em gerar esses fenótipos no animal.

No entanto, nas doses testadas, BUT e EF não apresentaram efeitos terapêuticos significativos. Assim, um segundo modelo, que consistiu em um estudo piloto, foi realizado para determinar os efeitos somente da EF na dose de 50 mg/kg em um modelo de NASH induzido por dieta ocidental (Western diet) associado a estímulos tóxicos em baixa dose (CCl 4 , 0,2 μl/g de peso corporal, uma vez por semana) como um acelerador do fenótipo. Após 8 semanas de tratamento, pode-se verificar que a fração EF reduziu o acúmulo de gordura epididimal e o índice de adiposidade dos animais, além de apresentar tendência à redução do tecido adiposo inguinal e retroperitoneal, mas os efeitos no fígado foram fracos. Diante desses resultados, algumas hipóteses podem ser levantadas para explicar a ausência de efeito biológico in vivo na NAFLD nas condições experimentais testadas. Visto que os dois modelos utilizados desenvolvem a doença de maneira acelerada, com dieta deficiente em nutrientes essenciais ou na presença de um agente hepatotóxico, é possível que a dose testada não tenha sido suficiente mediante os estímulos utilizados para gerar o dano. Além disso, apesar de os dois modelos serem excelentes por apresentaram características histológicas semelhantes àquelas observadas em humanos, a maneira pela qual a doença é desenvolvida difere daquela que normalmente é associada ao desenvolvimento gradual da NAFLD humana, que surge em decorrência de hábitos de vida pouco saudáveis, principalmente excessiva ingestão calórica, associados a outros fatores metabólicos, genéticos e ambientais. Assim, com base na totalidade dos resultados obtidos até o momento para a espécie, estudos in vivo em modelos de NAFLD que sejam desenvolvidos de forma mais branda e por longo período, como aqueles que utilizam dietas obesogênicas, podem ser mais adequados para nos fornecer resultados a cerca dos efeitos desses extratos sobre a doença hepática. Em conclusão, os resultados aqui obtidos indicam que os compostos identificados e isolados durante o fracionamento bioguiado dos extratos de Capsicum baccatum var. pendulum são inéditos para a espécie e contribuem para os efeitos benéficos observados no modelo in vitro de NAFLD, representando uma nova classe terapêutica a ser explorada no manejo de doenças metabólicas crônicas. Essa é a primeira vez que este tipo de atividade biológica é descrita para a classe dos capsianosideos. Chronic metabolic diseases including obesity, diabetes and, cardiovascular and liver diseases have become a global health threat due to their increasing incidence. They are complex diseases mainly caused by a combination of metabolic, genetic and environmental factors. In Western industrialized countries, non-alcoholic fatty liver disease (NAFLD) is the most common liver disease with a worldwide prevalence of 6-35% of the population. Despite the extensive efforts constantly dedicated to the search for effective therapeutic strategies, no specific pharmacological treatment has been approved to date. Therefore, strategies such as lifestyle changes and the use of off-label medications in order to manage their risk factors and treat the disease are the resources currently used to try to prevent its progression. This disease has a clinical spectrum that starts with hepatic steatosis (NAFLD), which can progress to non-alcoholic steatohepatitis (NASH), advanced fibrosis, cirrhosis and even hepatocellular carcinoma. Associated risk factors include insulin resistance, obesity, hyperlipidemia and other components of metabolic syndrome (MetS). Natural products, especially those derived from plants, have been used for thousands of years and represent an important resource in the search for new therapeutic alternatives. Previous studies by our research group have shown promising results with the butanol extract (BUT) from Capsicum baccatum var. pendulum and its enriched fraction (EF) in the prevention of metabolic alterations related to MetS in a murine model of the disease, including reduction in body weight, insulin resistance, as well as reduction in the accumulation of cholesterol and triglycerides in the liver. In this context, this study consisted of prospecting and evaluating the purified products from Capsicum baccatum using in vitro and in vivo NAFLD models. The first part of the thesis was dedicated to an extensive literature review that sought to study the models used to develop MS in rodents through hypercaloric (obesogenic) diets. After a systematic analysis of the scientific literature, the data were tabulated and correlations between the different experimental conditions used in the studies and the metabolic outcomes achieved were established. In this sense, the species of rodents used, the sex and age of the animals at the beginning of the study were evaluated, as well as the exposure time and the different types of diets used.

Palavras

Through this study, it was possible to make an in-depth discussion of the models that are currently used by researchers to induce a set of chronic metabolic disorders in animals, and with that, to propose optimized experimental conditions to study MetS in rodents, aiming to increase the reproducibility of the tests and reduce research costs.

The second part of the work was dedicated to obtaining the BUT extract, the EF fraction and purified compounds from Capsicum baccatum, as well as performing their chemical characterization and evaluation on NAFLD cell model. EF and purified compounds were obtained from BUT fractionation, guided by chromatographic and liquid-liquid extraction methods. After this process, six main purified fractions were selected based on yield and estimated purity, to continue chemical identification studies and biological tests. Aiming to identify the set of metabolites present in BUT and EF as well as to compare them with each other, an untargeted metabolomic analysis by UHPLC-ESI(+)-MS/MS was performed. Next, a molecular network was created interconnecting compounds according to their structural similarity, resulting in the formation of clusters. The molecular network formed identified a total of 2443 nodes (chemical entities) for BUT and EF, most of them, 1488 nodes (60.9%), present only in the BUT, 394 nodes (16.1%) coming only from the EF, and 437 nodes (17.88%) present in both derivatives. This result confirms the achievement of a more purified product and points to the enrichment of the EF fraction in bioactive compounds, since EF showed pharmacological results superior to BUT in a previous study by the group in the in vivo MetS model. It is important to highlight that the presence of compounds belonging to the class of capsaicinoids, such as capsaicin, found in BUT, was not found in EF. This suggests that the effects on the chronic metabolic diseases studied so far are, at least in part, independent of the presence of capsaicin. Molecular network analysis indicated the presence of compounds belonging to the classes of capsianosides, flavonoids, anthocyanins, and their glycosides, and some of these compounds have never been described before for the plant species. To evaluate the result of this bioguided fractionation on the biological activity of the products obtained, the source extracts (BUT and EF) and the purified compounds (F5b. 4, F6b.3, F6b.4, F6b.5, F6b.6 and F6b .7) were tested in an in vitro model of lipid accumulation induced in HepG2 cells by exposure to a mixture of fatty acids oleate and palmitate (2:1) at 1 mM, mimicking a scenario of hepatic steatosis.

As a result, after exposure of cells to fatty acids for 16h and staining with Oil red O, an expressive increase in cellular lipid content was observed. However, when we treated the cells with the purified compounds, a significant reduction in the accumulation of these lipids was observed for all compounds at a dose of 50 μg/mL, which was not observed for the original extracts, indicating that the fractionation may have potentiated the biological action of the compounds. Furthermore, three of the compounds tested (F6b. 4, F6b.6 and F6b.7) also showed this reduction in lipid accumulation at a lower dose of 10 μg/mL. It is noteworthy that MTT cell viability experiments were conducted in parallel with all experiments as a way to demonstrate that the observed reduction in lipid content was independent of a reduction in cell viability. Seeking to understand the mode of action of these compounds, the levels of some proteins involved in lipid metabolism were investigated. The results obtained so far showed an upregulation in the expression of CPT1 (carnitine palmitoyltransferase I), a protein involved in mitochondrial fatty acid oxidation. There are several ways to upregulate the levels of this protein, so the exact mechanism of action by which these compounds activate this pathway and reduce lipid accumulation in HepG2 cells still needs to be investigated in more detail. Based on the activities found, we proceeded to identify the compounds present in the tested derivatives. Through mass spectrometry (MS and MS/MS) analysis of the purified fraction F5b.4, we identified a structure with a fragmentation pattern compatible with that of capsianoside XIII. With the analysis of 1 H and 13 C NMR spectra, as well as 2D NMR spectra (COSY, HMBC, HSQC, TOCSY) it was possible to confirm the structure observed in the mass analysis. This is the first time that a compound of the class of capsianosides has been identified in the studied species. Analyzes regarding the detailed chemical composition of BUT and EF from the metabolomic analysis, as well as the identification of other capsianosides in the other tested derivatives are still under development and it is expected to obtain the complete panel of structures present in each of the derivatives, in order to determine the compounds that most contribute to the observed biological effects. Since the amount of purified compounds available is extremely limited, long-term in vivo studies to verify the action of these compounds in a more complex model, such as the rodent disease model, are not likely to be carried out so far. Therefore, in vivo tests were performed with the extracts of origin, BUT and EF at doses of 200 mg/kg and 50 mg/kg, respectively. For this, two murine models of NAFLD, more precisely NASH, were conducted using male C57BL/6 mice.

NASH induced by choline-deficient, L-amino acid-defined (low methionine) high-fat diet (CDAHFD) was used to test the effects of oral administration of BUT and EF extracts. During 12 weeks of feeding with CDAHFD and concomitant treatment with BUT or EF extracts, plasma biochemical and histological analyzes were carried out at three different experimental times (3, 8 and 12 weeks). During this period, it was observed that the animals presented a progressive evolution compatible with the stages of NAFL, NASH and liver fibrosis, assessed mainly through the morphological changes observed in the histological section, showing that the model was effective in generating these phenotypes in the animal. However, at the doses tested, BUT and EF did not show significant therapeutic effects. Thus, a second model, which consisted of a pilot study, was performed to determine the effects of only EF at a dose of 50 mg/kg in a model of NASH induced by Western diet associated with toxic stimuli at low dose (CCl 4 , 0.2 μl/g body weight, once weekly) as a phenotype accelerator. After 8 weeks of treatment, it could be seen that the EF fraction reduced the accumulation of epididymal fat and the adiposity index of the animals, in addition to showing a tendency to reduce the inguinal and retroperitoneal adipose tissue, but the effects on the liver were weak. Given these results, some hypotheses can be raised to explain the absence of an in vivo biological effect on NAFLD under the experimental conditions tested. Since the two models used develop the disease in an accelerated way, with a diet deficient in essential nutrients or in the presence of a hepatotoxic agent, it is possible that the dose tested was not sufficient due to the stimuli used to generate the damage. Furthermore, although both models are excellent because they have histological characteristics similar to those observed in humans, the way in which the disease develops differs from that which is normally associated with the gradual development of human NAFLD, which arises from poor lifestyle habits healthy, especially excessive caloric intake, associated with other metabolic, genetic and environmental factors. Thus, based on the totality of the results obtained so far for the species, in vivo studies in NAFLD models that are developed in a milder way and for a long period, such as those using obesogenic diets, may be more suitable to provide us with results about the effects of these extracts on liver disease. In conclusion, the results obtained here indicated that the compounds identified and isolated during the bioguided fractionation of Capsicum baccatum var. pendulum are new for the species and contribute to the beneficial effects observed in the in vitro model of NAFLD, representing a new therapeutic class to be explored in the management of chronic metabolic diseases. This is the first time that this type of biological activity has been described for the capsianoside class. 

______________________________________

In the industrialized western countries, NAFLD is the most common liver disorder, with a worldwide prevalence of 6-35%, growing in parallel with the increase in obesity in the population. The main risk factors for the disease coincide with those of the metabolic syndrome, and consist of central obesity, insulin resistance, dyslipidemia, among others (BELLENTANI, 2017). From a conventional point of view, NAFLD is considered the hepatic manifestation of MetS. On the other hand, some studies report that it could be a precursor of MetS, that is, a risk factor, and others report that MetS precedes the future development of NAFLD. Therefore, it is still not clear whether NAFLD is a cause or a consequence of MetS, but it is known that there is a close relationship between these two pathologies [START_REF] Zhang | Identification of reciprocal causality between non-alcoholic fatty liver disease and metabolic syndrome by a simplified Bayesian network in a Chinese population[END_REF]. In comparison to the general population, patients with NASH, an advanced form of NAFLD, have an increase in morbidity and mortality from cardiovascular events, cancer and liver-related diseases, including hepatocellular carcinoma [START_REF] Sanyal | Challenges and Opportunities in Drug and Biomarker Development for Nonalcoholic Steatohepatitis: Findings and Recommendations From an American Association for the Study of Liver Diseases-US Food and Drug Administration Joint Workshop[END_REF]. As for treatment, there are no approved drugs to treat NASH and liver fibrosis specifically, with lifestyle changes being the first and most effective therapeutic intervention in the early stages of the disease [START_REF] Hannah | Lifestyle and Dietary Interventions in the Management of Nonalcoholic Fatty Liver Disease[END_REF]. For hepatocellular carcinoma (HCC), one of the most aggressive tumors, the drug therapy is limited and surgical resection and liver transplantation are the only curative therapies [START_REF] Dutta | Recent advances in hepatocellular carcinoma therapy[END_REF]. Thus, it is of great importance to find effective therapeutic agents to treat these pathological conditions.

In this context, it is known that plants have a range of potentially active compounds in the face of several pathologies. In previous studies conducted by our research group, red pepper Capsicum baccatum proved to be promising, presenting important activities such as anti-inflammatory, hypoglycemic and anti-dyslipidemic effects (ZIMMER, 2011). In addition, in a murine model of metabolic syndrome (MetS), the butanol extract (BUT) of this species and its enriched fraction (EF) prevented important metabolic changes, and their potential hepatoprotective effect was evidenced. The EF fraction was administered at a dose four times lower (50 mg/Kg) than BUT (200 mg/Kg) and showed more promising results [START_REF] Leonardi | Avaliação farmacológica de Capsicum baccatum var. pendulum L. em um protocolo experimental patronizado de síndrome metabólica in vivo[END_REF]. In view of these findings, C. baccatum represents a source for the discovery of bioactive compounds with potential therapeutic application, aiming at the future development of drugs that can be used in the treatment of multifactorial chronic metabolic diseases like NAFLD.

Based on these evidences, the objective of this work was to continue the bioguided study of C. baccatum, aiming at obtaining and identifying purified compounds of this species, and testing them against a mimetic model of hepatic steatosis in vitro. In addition, the effect of BUT extract and EF fraction were 

General objectives

The objectives of this study were to evaluate the effects of Capsicum baccatum var. pendulum on multifactorial chronic metabolic diseases using in vitro and in vivo models of Non-Alcoholic Fatty Liver Disease (NAFLD).  To measure biochemical markers of toxicity and liver function in plasma.

Specific objectives



CHAPTER 1. THEORETICAL FRAME OF REFERENCE

________________________________________ Multifactorial chronic metabolic diseases

Metabolism, the sum of all the transformations that take place in a cell or organism, occurs through a series of reactions catalyzed by enzymes that form the metabolic pathways. These pathways are regulated at various levels, both inside and outside of the cell. Through this process, the human body obtains energy from nutrients. Metabolic processes are categorized as catabolism, a phase where organic nutrient molecules are converted into simpler end products, releasing energy, and anabolism, a phase where simple precursors are used to form larger and more complex molecules requiring an energy supply [START_REF] Nelson | Principles of Biochemistry[END_REF].

When these physiological processes are altered, they can lead to the appearance of metabolic diseases that can also be classified as disorders or syndrome depending on the alterations or abnormalities generated. These diseases can be hereditary or can be acquired throughout life and their appearance is largely 

Metabolic Syndrome and Non-Alcoholic Fatty Liver Disease

The incidence of MetS parallels the epidemic of obesity and T2DM, which has been growing dramatically over the years. As for the prevalence, as it is a multifactorial condition whose criteria for its definition may vary, it is difficult to measure it precisely. However, as MetS is about three times more common than diabetes, it is estimated that it is present in about a quarter of the global population [START_REF] Saklayen | The Global Epidemic of the Metabolic Syndrome[END_REF].

MetS is known as a set of risk factors for cardiovascular disease and T2DM.

These Recently, the gut microbiota, composed of trillions of microorganisms that play a critical role in human physiology, has also been linked to the pathogenesis and progression of NAFLD (LI and WANG, 2020). Indeed, the role of adipose tissue inflammation and the gut microbiome have evolved as crucial factors in the pathogenesis of NAFLD. Several gastrointestinal factors interfere with the gut-liver axis. Gut-liver crosstalk is formed by the intestinal microbiome and its metabolites, intestinal hormones and the immune system. Studies have been conducted to try to identify a signature of the gut microbiome associated with NASH. In addition, many dietary components have a crucial impact on the development of NAFLD, which may directly impact liver lipid metabolism or act through functional changes in the intestinal microbiome ("dysbiosis"). Western diets, for example, are associated with an increased risk for the development and progression of NAFLD [START_REF] Tilg | Multiple Parallel Hits Hypothesis in Nonalcoholic Fatty Liver Disease: Revisited After a Decade[END_REF].

Given the strong evidence of this gut-liver axis, the intestinal microbiota presents a good perspective in the management of multifactorial chronic metabolic In the literature, studies bring some debates about the relationship between NAFLD and CVD. The discussion seeks to clarify whether NAFLD is a specific, additional and independent risk factor for CVD and CV events. Based on current findings, while there is still no definitive evidence to support this independent relationship between NAFLD and CVD, it is clear that patients with NAFLD are at higher CV risk [START_REF] Muzurović | Non-alcoholic fatty liver disease, insulin resistance, metabolic syndrome and their association with vascular risk[END_REF] In addition to the already well-established strong association between NAFLD and T2DM, and efforts to demonstrate that NAFLD is also an independent risk factor for CVD, it is of great clinical relevance to investigate whether NAFLD confers an additional risk for CVD in patients who have diabetes. The results obtained so far suggest a synergistic increase in CV risk in patients who present both comorbidities (NAFLD and T2DM) concurrently, as they have an increased risk for CVD compared to diabetic patients, but do not have NAFLD. Therefore, greater attention should be paid to these patients in clinical practice [START_REF] Caussy | The Relationship Between Type 2 Diabetes, NAFLD, and Cardiovascular Risk[END_REF].

Given this close association between NAFLD and metabolic disorders, diagnosing it by excluding other chronic liver diseases, including excessive alcohol consumption as has been done so far, no longer seems to be an ideal way. In front of that, an international panel of experts from different countries proposed a new diagnostic definition, more comprehensive, simpler and independent of other liver diseases for this disease [START_REF] Eslam | A new definition for metabolic dysfunction-associated fatty liver disease: An international expert consensus statement[END_REF]. According to these researchers, it would be more relevant to define it as metabolic dysfunction-associated fatty liver disease (MAFLD). This new definition better represents the patient's heterogeneity and explains the possibility of coexisting liver diseases that may be associated with The proposal to change the nomenclature from NAFLD to MAFLD, as well as its diagnostic criteria, is still very recent and has generated a lot of discussions among researchers. Due to the scarcity and controversy of existing data, it is still unclear which of the two would be more viable in clinical practice, with the need for further studies and debates in the field (KANG et al., 2021).

Non-Alcoholic Fatty Liver Disease (NAFLD)

The liver is the largest gland and second largest organ in the human body, second only to the skin. It is located in the abdominal region and is divided by the falciform ligament into two main lobes, a larger one (right lobe) and a smaller one (left lobe). Histologically, it is made up of several components, including hepatocytes, the main functional cells, which carry out metabolic, secretory and endocrine functions. These are organized in the form of hepatic laminae with one cell thick, delimited on both sides by aligned vascular spaces, lined by epithelial cells and macrophages (which in the liver receive the name of Kupffer cells) called hepatic sinusoids [START_REF] Tortora | Principles of Anatomy and Physiology[END_REF]. Between the hepatocytes and the sinusoids there is a space composed of a reticular matrix constituted mainly by collagen, where the hepatic stellate cells, producers of extracellular matrix, are present [START_REF] Gressner | Modern pathogenetic concepts of liver fibrosis suggest stellate cells and TGF-beta as major players and therapeutic targets[END_REF].

With the increasing prevalence of obesity, especially visceral obesity, T2DM

insulin resistance, hyperlipidemia and other components of the MetS, NAFLD, defined by the accumulation of lipids in the liver that is not attributable to alcohol or drugs consumption, is becoming more and more frequent in the population, remaining among the most common liver diseases in the world (NEUSCHWANDER-TETRI, 2017). Patients with NAFLD have an increased risk of cardiovascular and liver mortality, and this disease is becoming the main indication for liver transplantation [START_REF] Benedict | Non-alcoholic fatty liver disease: An expanded review[END_REF]. Due to the lack of consistent diagnostic criteria, it is extremely difficult to accurately measure the true NAFLD prevalence, but it is a fact that it has increased considerably over the years. Their overall prevalence varies in different regions, but it is estimated that around 25% of the world's population has NAFLD. According to a meta-analysis, South America and the Middle East are the continents with the highest NAFLD prevalence rates, with 31% and 32%, respectively and Africa with the lowest [START_REF] Younossi | Global Epidemiology of Nonalcoholic Fatty Liver Disease-Meta-Analytic Assessment of Prevalence, Incidence, and Outcomes[END_REF].

Estimated NAFLD rates around the world are shown in figure 2 Given the heterogeneity in how NAFLD is defined among studies reporting the proportion of patients with HCC that is attributable to NAFLD, estimating this proportion accurately becomes difficult. The overall proportions of patients with HCC attributable to NAFLD range from 1% to 38% in different countries/regions around the world. In general, countries where obesity is more prevalent have a higher proportion of HCC related to NAFLD. Furthermore, diabetes is reported as the most important risk factor for its development (HUANG et al., 2021). Likewise, NAFLD/NASH is considered the fastest growing cause of HCC in Europe and the United States (USA). In USA, the indication for liver transplantation due to NAFLD/NASH is identified as the most growing cause of HCC among patients on the waiting list, increasing from 2.1% in 2002 to 16.2% in 2016. While the proportions of HCC related to virus or alcohol remained stable, that related to NAFLD/NASH increased 7.7-fold in patients awaiting liver transplantation [START_REF] Burra | NAFLD and liver transplantation: Disease burden, current management and future challenges[END_REF]. When we talk about patients with type 2 diabetes mellitus (T2DM), it is estimated that the prevalence of NAFLD rises to 55.5%, being more than twice as high as in the general population.

For NASH, a prevalence of 37.3% is estimated among these patients. Also, of patients with NAFLD and T2DM who underwent liver biopsy, 17% have advanced fibrosis. These data help to confirm the bidirectional relationship between NAFLD/NASH and T2DM, that share a common pathogenic mechanism (YOUNOSSI et al., 2019b).

NAFLD represents a broad clinical spectrum of the disease, which ranges from a simple hepatic steatosis (NAFL), that can progress to steatosis with necroinflammatory changes (non-alcoholic steatohepatitis -NASH), and has potential for advanced fibrosis and cirrhosis, to hepatocellular carcinoma, as shown in figure 3 ( [START_REF] Perumpail | Clinical epidemiology and disease burden of nonalcoholic fatty liver disease[END_REF]. In the past, the 2-hit hypothesis was acceptable to explain progression to NASH and fibrosis, in which chronic steatosis caused by IR was followed by cellular insults such as oxidative stress, lipid oxidation, and inflammation that resulted in disease progression. However, our understanding of the pathogenesis of NAFLD has increased over time and subsequent theories have clearly elucidated a higher level of complexity associated with the development of the disease and the 2-hit hypothesis was replaced by the multiple-hit hypothesis [START_REF] Lonardo | History of Nonalcoholic Fatty Liver Disease[END_REF]. This new hypothesis involving complex processes that occur simultaneously and that contribute to the onset and evolution of the disease in genetically and epigenetically susceptible individuals. NAFLD is now recognized as a complex metabolic disorder influenced also by ethnicity, heritability within families, and genetic factors such as the PNPLA3 rs738409 variant. MAFLD, as it was recently proposed to be called, does not exclude secondary factors such as alcohol consumption as long as the other metabolic characteristics are met [START_REF] Ayonrinde | Historical narrative from fatty liver in the nineteenth century to contemporary NAFLD -Reconciling the present with the past[END_REF].

The metabolic mechanisms that lead to NAFLD are caused by an imbalance between fatty acid (FA) input and FA output that leads to excessive triglyceride (TG) accumulation in the liver. That is, NAFLD develops when FA uptake (dietary intake and adipose tissue lipolysis) and FA synthesis (de novo lipogenesis -DNL) in the liver are greater than the release of FAs by FA oxidation, lipolysis, and FA secretion in very low-density lipoprotein (VLDL)-TG from the liver (Figure 5) [START_REF] Kim | Liver Failure in Type 2 Diabetes and Obesity: From NAFLD to NASH to HCC[END_REF].

When this energy comes from the increased intake of mono-and disaccharides, they can activate hepatic de novo lipogenesis (DNL) pathways that further exacerbate NAFLD. Furthermore, fructose is metabolized almost exclusively by the liver, mainly to TG by DNL. Skeletal muscle IR, one of the earliest defects associated with MetS and prediabetes, may also promote the development of NAFLD through increased hepatic DNL and hypertriglyceridemia. Also, IR and/or inflammation of WAT results in increased rates of lipolysis and increased delivery of FFAs to the liver, which promotes increased esterification of FFAs to hepatic TG contributing to NAFLD.

Adipocyte dysfunction and other genetic factors may also be involved in the development of NAFLD (LOOMBA et al., 2021). There are three main sources of free fatty acids (FFAs) that contribute to the accumulation of lipids in the liver, the vast majority coming from peripheral lipolysis or FFAs (60%), followed by 25% from de novo lipogenesis (DNL) and 15 % remaining of the diet. The two main metabolic fates of these FFAs are mitochondrial β-oxidation and esterification to form TG (CHEN et al., 2019). By mitochondrial β-oxidation, a part of FFAs is usually oxidized. During the development of NAFLD, the high oxidation rate of these FFAs ends up leading to oxidative stress by exacerbated leakage of electrons from the electron transport chain. This ends up in an imbalance between FFA removal and Reactive oxygen species (ROS) generation that results in oxidative stress [START_REF] Mazzolini | Significance of Simple Steatosis: An Update on the Clinical and Molecular Evidence[END_REF]. Hepatic lipid overload, in addition to oxidative stress, leads also to the formation of lipotoxic molecules and lipid mediators that promote endoplasmic reticulum stress, mitochondrial and lysosomal dysfunction, DNA damage, cell death and activation of inflammatory responses [START_REF] Parthasarathy | Pathogenesis of Nonalcoholic Steatohepatitis: An Overview[END_REF]. Apoptosis of hepatocytes triggers an intrahepatic inflammatory process. As a result, innate immune cells in the liver become activated and infiltrate the liver tissue, releasing cytokines that further promote inflammation, also contributing to the initiation of the fibrogenic process that usually appears when inflammation is prolonged [START_REF] Juanola | Non-Alcoholic Fatty Liver Disease: Metabolic, Genetic, Epigenetic and Environmental Risk Factors[END_REF]. Fibrogenesis requires the joint action of many different types of cells, with hepatic stellate cells (HSCs) being the main collagen-producing cells, and Kupffer cells and hepatocytes being the main regulatory actors. However, paracrine regulation is also provided by other types of neighboring cells, including platelets and sinusoidal endothelial cells. Kupffer cells initiate the fibrogenesis process through the secretion of TGF-β. This cytokine promotes proliferation of HSCs and maintenance of the myofibroblastic phenotype, as well as collagen synthesis through the TGF-β/ SMAD3 signaling pathway. Once activated, the HSCs themselves are also critical actors in perpetuating the pro-fibrotic phenotype, through autocrine mechanisms [START_REF] Bessone | Molecular pathways of nonalcoholic fatty liver disease development and progression[END_REF].

In summary, in a situation of overnutrition, there is an expansion of adipose deposits, as well as an accumulation of ectopic fat. In the visceral adipose tissue, macrophages infiltrate, generating a pro-inflammatory state that promotes IR. This causes an exacerbated lipolysis resulting in a high supply of FFAs to the liver, which, together with DNL, ends up surpassing its metabolic capacity. This imbalance leads to lipotoxicity contributing to oxidative and endoplasmic reticulum stress, inflammasome activation and cell death as well as subsequent activation of inflammation, tissue regeneration and fibrogenesis [START_REF] Powell | Non-alcoholic fatty liver disease[END_REF].

The early stages of NAFLD are usually clinically silent and their diagnosis is often accidental by abdominal ultrasound examinations. Diagnosing the disease early and accurately is extremely important for its proper management in order to prevent the disease from progressing to irreversible stages [START_REF] Makri | Pathogenesis, Diagnosis and Emerging Treatment of Nonalcoholic Fatty Liver Disease[END_REF]. To define the existence of NAFLD, evidence of hepatic steatosis by imaging or histology and the absence of secondary causes of fat accumulation in the liver, such as significant alcohol consumption, prolonged use of steatogenic medication or monogenic hereditary disorders, are necessary. Still, the most reliable standard for diagnosis of NASH in patients with suspected NAFLD is biopsy, which aims to confirm the diagnosis and inform about the severity of the disease. However, this procedure is costly, sampling error can occur, and it is an invasive procedure, which may pose risks to the patient [START_REF] Chalasani | The Diagnosis and Management of Nonalcoholic Fatty Liver Disease: Practice Guidance from the American Association for the Study of Liver Diseases[END_REF]. Therefore, the search for efficient noninvasive techniques, which overcome the need for biopsy, for the diagnosis and staging of the disease, as well as for the follow-up of already diagnosed patients, is in constant development. Regarding non-invasive imaging methods, for the assessment of steatosis, conventional ultrasonography, measurement of the hepatorenal ratio, quantification of the acoustic structure, attenuation coefficient and backscatter coefficient, controlled attenuation parameter, magnetic resonance and computed tomography are techniques that can be used. However, conventional ultrasound For the diagnosis of NAFLD it is necessary the presence of steatosis in >5% of the hepatocytes, being generally macrovesicular, where the nucleus is pushed to the periphery by a large droplet or small well-defined fat droplets that occupy the cytoplasm of the hepatocytes. In cases of NASH, there is infiltration of inflammatory cells and ballooning of hepatocytes (swollen hepatocytes with rarefied cytoplasm), representing hepatocellular damage. Scientific data report that NASH occurs in up to a third of NAFL cases [START_REF] Takahashi | Histopathology of nonalcoholic fatty liver disease/nonalcoholic steatohepatitis[END_REF].

To classify lesions, scoring systems based on a combination of steatosis, hepatocellular ballooning, and lobular and portal inflammation were established. The NASH Clinical Research Network (NASH CRN) score was the first globally accepted scoring system that addressed the entire spectrum of NAFLD lesions and proposed the NAFLD Activity Score (NAS) which is calculated by summing steatosis scores (0-3), lobular inflammation (0-2) and hepatocellular ballooning (0-2). NAS>5 has been correlated with NASH (KLEINER et al., 2005). Still, other methods based on combined scores/algorithms have been proposed with the aim of standardizing and improve the histological diagnosis of NASH. However, more recently, it has become clear that assessing the stage of fibrosis may be even more critical than scoring necroinflammation or diagnosing NASH, as it has emerged as the main prognostic factor for the disease. Fibrosis begins in zone 3 (perivenular, sinusoidal, pericellular) and in later stages, portal, periportal and bridging fibrosis finally leads to cirrhosis [START_REF] Geier | From the origin of NASH to the future of metabolic fatty liver disease[END_REF]. Also regarding the use of scoring systems, a general scoring system for NAFLD in rodent models in comparison with human liver pathology have been established. This system is simple, robust and generic, and has been shown to be reliable for use in pre-clinical research [START_REF] Liang | Establishment of a General NAFLD Scoring System for Rodent Models and Comparison to Human Liver Pathology[END_REF].

To date, there is no specific approved treatment for NAFLD. The limitations of pharmacological treatments currently available for NAFLD and its main variant, NASH, place lifestyle modifications as a major therapeutic priority. Although it has been proven to improve liver histology, this change is not always easy to be achieved and sustained by the patient [START_REF] Vilar-Gomez | Weight Loss Through Lifestyle Modification Significantly Reduces Features of Nonalcoholic Steatohepatitis[END_REF]. Several studies have reinforced the positive effect of lifestyle interventions on the histological features of NASH. Furthermore, exercise has been shown to prevent the development and progression of liver tumors and direct evidence indicates that they should be considered in addition to a preventive, a therapeutic measure for NAFLD [START_REF] Guarino | Exercise Attenuates the Transition from Fatty Liver to Steatohepatitis and Reduces Tumor Formation in Mice[END_REF]. Still, a change in eating style, both with calorie restriction and isocaloric diets but with modification of the type of nutrient ingested, also present themselves as therapeutic options [START_REF] Worm | Beyond Body Weight-Loss: Dietary Strategies Targeting Intrahepatic Fat in NAFLD[END_REF].

With the main objective of reducing insulin resistance and improving liver function, pharmacological therapies to treat coexisting conditions such as diabetes, fat disorders, and obesity/weight loss are employed. Metformin, thiazolidinedione insulin sensitizers such as pioglitazone, glucagon-like peptide-1 (GLP-1) analogues such as liraglutide, sodium-glucose cotransporter-2 (SGLT2) inhibitors such as canagliflozin, Dipeptidyl peptidase 4 (DPP-4) inhobitors such as sitagliptin, statins such as rosuvastatin, orlistat, vitamins and supplements such as vitamin E, oil fish and the natural product resveratrol are strategies that can be used for this purpose.

Patients who have not been successful with the previous efforts still have options to aid in weight loss such as endoscopic procedures and bariatric surgery but they are much more invasive options [START_REF] Mundi | Evolution of NAFLD and Its Management[END_REF][START_REF] Ferguson | Emerging therapeutic approaches for the treatment of NAFLD and type 2 diabetes mellitus[END_REF].

With the understanding of the pathophysiology of NAFLD advancing ever faster, several pharmacological therapies for NASH have been developed. Antiinflammatory, antifibrotics and metabolism modulators agents have been tested in phase IIb or III randomized clinical trials. During the conduct of these trials, many agents fail, others produce insignificant results, and only a few ends up being tested in extension studies [START_REF] Petroni | Management of non-alcoholic fatty liver disease[END_REF]. Similarly to NASH and fibrosis, pharmacological therapeutic options for the treatment of HCC, a leading cause of cancer death worldwide, are also limited.

Currently, there are some new systemic agents approved or awaiting approval for the treatment of advanced-stage HCC, but they only increase survival time by a few months. Drugs currently being used alone or in combination to treat HCC are tyrosine kinase inhibitors (sorafenib, lenvatinib, regorafenib, cabozantinib and ramucirumab), programmed cell death protein 1 (PD-1) inhibitors (nivolumab and pembrolizumab), antiprogrammed cell death-ligand 1 (PDL-1) antibody (atezolizumab) and antivascular endothelial growth factor (anti-VEGF) antibody (bevacizumab). Cytotoxic Tlymphocyte associated protein 4 (CTLA-4) inhibitors (ipilimumab and tremelimumab)

an alternative PD-L1 inhibitor (durvalumab and tremelimumab) are also under investigation [START_REF] Yarchoan | Recent Developments and Therapeutic Strategies against Hepatocellular Carcinoma[END_REF][START_REF] Donisi | Immune Checkpoint Inhibitors in the Treatment of HCC[END_REF].

In short, NAFLD is a silent disease, quite prevalent in the population, strongly associated with metabolic factors, with a growing number of cases evolving to cirrhosis and hepatocellular carcinoma, and difficult to treat.

To study the disease in order to better understand the mechanisms involved in its pathogenesis that are still unknown as well as to seek new therapeutic alternatives, models of different complexities are described in the literature.

In vitro cell culture models of NAFLD are widely used. The models that use primary human hepatocytes are considered the gold standard due to its high relative functionality to the human organ in vivo. However, the culture is short-lived and there is variability among donors. Alternatives to these primary cells are the use of hepatocyte-like cells derived from induced pluripotent stem cells and cell lines derived from human hepatomas such as HepG2, Huh 7, and HepaRG. Among these, HepG2 cells are widely used and fat accumulation can be induced using Bisphenol A, Valproate and free fatty acids (FFA) exposition [START_REF] Müller | Human in vitro models of nonalcoholic fatty liver disease[END_REF].

This in vitro human hepatocellular model to investigate steatosis using primary hepatocytes and HepG2 cells exposed to a mixture of oleic and palmitic FFAs was described by Gómez-Lechón and colleagues (2007) and is still widely used today.

Palmitic acid (saturated) and oleic acid (unsaturated) are the most abundant fatty acids present in the diet and in serum. Studies have shown that oleate is more steatogenic but less harmful than palmitate. Thus, different proportions of the mixture of the two generate damage of different magnitudes in cells [START_REF] Ricchi | Differential effect of oleic and palmitic acid on lipid accumulation and apoptosis in cultured hepatocytes[END_REF].

Furthermore, with the advancement of technology, more complex models have emerged with the intention of increasing the reliability of the results and minimizing the use of animals in tests as much as possible. It is possible to use for exemple, in addition to 2D or 3D cocultures, spheroids, organoids, and livers-on-a-chip. Despite advances, these models are still not perfect, still largely requiring the use of in vivo models for study the disease (SORET et al., 2021).

Among the available in vivo models to NAFLD induction, murine models are the most commonly used and different interventions can be used to induce the progressive stages of the disease. It is important that researchers are clear which pathological event of NAFLD they aim to study in order to choose the one that best fits their goals. Ideally, the model should mimic the human disease as closely as possible with regard to its mode of development, histological spectrum and pathway modulation [START_REF] Nevzorova | Animal models for liver disease -A practical approach for translational research[END_REF]. Of the available models, the most common are those that use obesogenic or nutrient-deficient diets, chemicals and genetic ones. In relation to diet-induced NAFLD models, a wide range of diets that vary in nutrient content and source are used. The increase in caloric intake through high fat diets and Western/cafeteria diets often lead to obesity and insulin resistance however the development of NAFLD is usually less severe and requires a prolonged feeding period. Still in relation to dietary models, there are also those deficient in micronutrients such as Methionine and choline-deficient diets (MCD) and Cholinedeficient, l-amino acid-defined diets (CDAA) [START_REF] Ipsen | Animal Models of Fibrosis in Nonalcoholic Steatohepatitis: Do They Reflect Human Disease?[END_REF]. MCD that consists of a diet deficient in methionine and choline, that are essential for the hepatic secretion of TG in the form of VLDL, is the best-established model for the study of inflammatory and fibrotic components of the NAFLD spectrum. However, this model has some disadvantages, such as the frequent loss of animals before the end of the experiment due to the severity of the protocol, where the animals become debilitated over time [START_REF] Anstee | Mouse models in non-alcoholic fatty liver disease and steatohepatitis research[END_REF][START_REF] Hansen | Mouse models of nonalcoholic steatohepatitis in preclinical drug development[END_REF]. More recently, the association of the two conditions mentioned above has been reported in the scientific literature, through a model that uses a diet with high fat content, with low concentration of methionine and deficient in choline, leading to a rapid progression to NASH and fibrosis without debilitating animals, even over long periods of diet, representing a promising alternative to investigate NAFLD [START_REF] Matsumoto | An improved mouse model that rapidly develops fibrosis in non-alcoholic steatohepatitis[END_REF][START_REF] Honda | Branched-chain amino acids alleviate hepatic steatosis and liver injury in choline-deficient high-fat diet induced NASH mice[END_REF][START_REF] Hoffmann | Hepatic stellate cell hypertrophy is associated with metabolic liver fibrosis[END_REF]. Another alternative to the obesogenic model is the use of modified diets associated with toxic stimuli such as streptozotocin (STZ), diethylnitrosamine (DEN) and carbon tetrachloride (CCl 4 ) to increase the severity of liver damage [START_REF] Peng | Non-Alcoholic Steatohepatitis: A Review of Its Mechanism, Models and Medical Treatments[END_REF]. The use of western diet in association with CCl 4 hepatotoxin at a much lower dose than usual caused weight gain and generated liver histological characteristics similar to those of patients with NASH [START_REF] Tsuchida | A Simple Diet-and Chemical-Induced Murine NASH Model with Rapid Progression of Steatohepatitis, Fibrosis and Liver Cancer[END_REF]. Several in vivo studies to investigate the disease have already been described and showed good results, however it is important to emphasize that although models induced by high-calorie diets consume time and show only mild liver damage, they are still the strategies that best recapitulate the natural course of the NASH development in humans [START_REF] Friedman | Mechanisms of NAFLD development and therapeutic strategies[END_REF].

Natural products as a source of bioactive compounds

Natural products, especially those based on plants, have been used by humanity for thousands of years and are gaining increasing importance in world therapeutics [START_REF] Cragg | Natural products: A continuing source of novel drug leads[END_REF].

In the literature, there are several examples of studies that use compounds of natural origin from different classes with positive results in the prevention and/or treatment of NAFLD [START_REF] Pan | Chemoprevention of nonalcoholic fatty liver disease by dietary natural compounds[END_REF][START_REF] Yilmaz | Carotenoids and non-alcoholic fatty liver disease[END_REF][START_REF] Akhlaghi | Non-alcoholic Fatty Liver Disease: Beneficial Effects of Flavonoids[END_REF][START_REF] Ni | Novel Action of Carotenoids on Non-Alcoholic Fatty Liver Disease: Macrophage Polarization and Liver Homeostasis[END_REF], SHIN e JUNG, 2017). Huang and collaborators evaluated the effect of the aqueous extract of Phyllanthus emblica L. and its major component, gallic acid, in an animal model of NAFLD induced by a high-fat diet, which significantly decreased body weight and improved retroperitoneal and epididymal fats, improved the antioxidant activity of enzymes and improved steatosis by increasing adiponectin in adipocytes and PPAR-α and SREBP-1c in liver [START_REF] Huang | The hepatoprotective effect of Phyllanthus emblica L. fruit on high fat diet-induced non-alcoholic fatty liver disease (NAFLD) in SD rats[END_REF]. Another author, using different Phyllanthus niruri extracts in Sprague-Dawley rats that received a high-fat diet, observed that the P. niruri extract (methanol:water, 50:50)

showed the best results, reducing adiposity visceral, improving changes in liver enzymes and decreasing lipid peroxidation and accumulation of liver fat. It also decreased the risk of NAFLD-related atherosclerosis [START_REF] Al Zarzour | Phyllanthus Niruri Standardized Extract Alleviates the Progression of Non-Alcoholic Fatty Liver Disease and Decreases Atherosclerotic Risk in Sprague-Dawley Rats[END_REF]. A recent literature review provided a list of several naturally occurring compounds that were active against NASH as well as the preclinical models that were used to test these compounds. In addition, the study classified these products by how they exert their effects, regulating metabolism, inflammation, fibrosis or intestinal microbiota [START_REF] Leng | Pathogenesis of NASH and Promising Natural Products[END_REF]. In another review, several compounds of natural origin, evaluated by clinical studies, were described that could potentially improve NAFLD treatment with acceptable safety. Improvements in liver function have been described, including liver enzymes, biochemical and metabolic parameters, inflammatory biomarkers and diagnostic imaging [START_REF] Bagherniya | Medicinal plants and bioactive natural compounds in the treatment of non-alcoholic fatty liver disease: A clinical review[END_REF].

It is noteworthy that normally compounds of natural origin involve multipathways to improve NAFLD. Figure 7 exemplifies some ways in which herbal medicine can mediate major pathological events in the development of NAFLD.

Also, several clinical trials registered at the U.S. National Library of Medicine are being or have been conducted with some herbal medicines including YiQiSanJu formula, Phyllanthus urinaria, Trigonella Foenum-graecum Seed Extract, Ginger as well as as some bioactive natural compounds such as Berberine, Curcumin, Resveratrol, Anthocyanin among others for the treatment of NAFLD [START_REF] Xu | Herbal Medicine in the Treatment of Non-Alcoholic Fatty Liver Diseases-Efficacy, Action Mechanism, and Clinical Application[END_REF]. This demonstrates that plants remain a large potential source of bioactive compounds that can be used as therapeutic agents. 

Genus Capsicum

The genus Capsicum (Solanaceae) is composed of several species of peppers, some of which widely cultivated and used as food and in allopathic or traditional medicine. Peppers, in addition to their attractive sensory characteristics, such as aroma, pungency, and color, are important sources of bioactive compounds that offer several benefits to the health of their consumers. The content and concentration of these compounds differs according to many variables such as species, part of the fruit, climate, among others [START_REF] Baenas | Industrial use of pepper (Capsicum annum L.) derived products: Technological benefits and biological advantages[END_REF].

As major components of the genus are capsaicinoids, which have several of the pharmacological activities attributed to the plant drug, including capsaicin, which is mainly responsible for the characteristic pungency of the fruits. Also present are carotenoids, such as capsanthin and carotene, responsible for the red color of the fruits, vitamins A and C, essential oils, among others [START_REF] Kollmannsberger | Volatile and capsaicinoid composition of aji (Capsicum baccatum) and rocoto (Capsicum pubescens), two Andean species of chile peppers[END_REF]WAHYUNI et al., 2011, BOSLAND and[START_REF] Bosland | Improving the economics of NASH/NAFLD treatment through the use of systems biology[END_REF][START_REF] Asnin | Isolation and Analysis of Bioactive Compounds in Capsicum Peppers[END_REF].

Capsaicin is by far the most widely studied Capsicum compound and several researchers have sought to understand its therapeutic effects and metabolic molecular targets [START_REF] Fattori | Capsaicin: Current Understanding of Its Mechanisms and Therapy of Pain and Other Pre-Clinical and Clinical Uses[END_REF][START_REF] Gannon | The effects of capsaicin and capsaicinoid analogs on metabolic molecular targets in highly energetic tissues and cell types[END_REF]. Preclinical studies established its effectiveness at low doses in attenuating metabolic disorders mediated by transient receptor potential vanilloid channel 1 (TRPV1) activation.

TRPV1 is expressed on many metabolically active tissues. This activation can modulate processes such as browning of adipocytes and modulation of metabolic pathways such as AMP-activated protein kinase (AMPK), peroxisome proliferatoractivated receptor α (PPARα), uncoupling protein 1 (UCP1), and glucagon-like peptide 1 (GLP-1), which may thus improve MetS parameters, including cardiac and hepatic function [START_REF] Panchal | Capsaicin in Metabolic Syndrome[END_REF]. Although its action on TRPV1 receptors is well known, studies point out that capsaicin can act on cells independently of the activation of TRPV1, altering membrane fluidity, ionic flow, and levels of reactive oxygen species in cells [START_REF] Ferreira | Capsaicin: TRPV1-independent mechanisms and novel therapeutic possibilities[END_REF]. However, attention is needed in its use, because some studies indicate that it can have harmful effects as well [START_REF] Bode | The two faces of capsaicin[END_REF].

Another class of compounds present in plants of the genus are the capsianosides, also called glycosylated acyclic diterpenes [START_REF] Macel | Metabolomics of Thrips Resistance in Pepper (Capsicum spp.) Reveals Monomer and Dimer Acyclic Diterpene Glycosides as Potential Chemical Defenses[END_REF].

Several compounds belonging to this class have been identified in Capsicum annuum L. and Capsicum chinense JACQ. pepper species since 1990 [START_REF] Izumitani | Novel Acyclic Diterpene Glycosides, Capsianosides A-F and I-V from Capsicum Plants (Solanaceous Studies. XVI)[END_REF][START_REF] Yahara | New Acyclic Diterpene Glycosides, Capsianosides VI, G and H from the Leaves and Stems of Capsicum annuum L[END_REF][START_REF] Iorizzi | New Glycosides from Capsicum annuum L. Var. acuminatum. Isolation, Structure Determination, and Biological Activity[END_REF][START_REF] De | New Constituents of Sweet Capsicum annuum L. Fruits and Evaluation of Their Biological Activity[END_REF][START_REF] Lee | Acyclic Diterpene Glycosides, Capsianosides VIII, IX, X, XIII, XV and XVI from the Fruits of Paprika Capsicum annuum L. var. grossum BAILEY and Jalapeño Capsicum annuum L. var. annuum[END_REF][START_REF] Lee | Acyclic Diterpene Glycosides, Capsianosides C, D, E, F and III, from the Fruits of Hot Red Pepper Capsicum annuum L. Used in Kimchi and Their Revised Structures[END_REF][START_REF] Lee | Three New Acyclic Diterpene Glycosides from the Aerial Parts of Paprika and Pimiento[END_REF][START_REF] Lee | Two New Acyclic Diterpene Glycosides from Fruits of Habanero, Capsicum chinense[END_REF] These compounds consist of a diterpene chain that is glycosylated at one or both ends that can occur in either monomer or dimer form. Structural modifications occur both in the main chain Due to their low concentration in the plant, studies on their biological activity are rare [START_REF] Hashimoto | Effect of capsianoside, a diterpene glycoside, on tightjunctional permeability[END_REF][START_REF] Song | Enhanced Infection of an X4 Strain of HIV-1 Due to Capping and Colocalization of CD4 and CXCR4 Induced by Capsianoside G, a Diterpene Glycoside[END_REF]. The latest study attributed the in vitro anticancer properties found for extracts of sweet pepper fruit cv. Ajfos to substances belonging to the group of diterpene derivatives [START_REF] Chilczuk | Anticancer Potential and Capsianosides Identification in Lipophilic Fraction of Sweet Pepper (Capsicum annuum L.)[END_REF].

Some studies investigated the effects of Capsicum peppers on chronic metabolic diseases [START_REF] Marrelli | Hypolipidemic and Antioxidant Properties of Hot Pepper Flower (Capsicum annuum L.)[END_REF][START_REF] Kim | Red paprika (Capsicum annuum L.) and its main carotenoid capsanthin ameliorate impaired lipid metabolism in the liver and adipose tissue of high-fat diet-induced obese mice[END_REF]LIU et al., 2019;[START_REF] Jang | Effects of Capsicum annuum supplementation on the components of metabolic syndrome: a systematic review and meta-analysis[END_REF][START_REF] Joo | Protective Role of Dietary Capsanthin in a Mouse Model of Nonalcoholic Fatty Liver Disease[END_REF] Administration of capsaicinoid nonivamide (pelargonic acid vanillylamide), one of the less pungent capsaicinoid constituents of some Capsicum species, in a high fat diet-induced steatosis model in rats regulated lipid deposition, improved insulin resistance and decreased oxidative stress and cell death by apoptosis, showing promise for the treatment of metabolic disorders in patients with NAFLD [START_REF] Wikan | Capsaicinoid nonivamide improves nonalcoholic fatty liver disease in rats fed a high-fat diet[END_REF]. A study investigated the effect of Capsicoside Grich fraction obtained from the seeds of Capsicum annuum L. in diet-induce obese mice, concluding that this fraction could be used for the prevention of obesity and obesity-related metabolic diseases [START_REF] Sung | Effect of the Capsicoside G-rich Fraction from Pepper (Capsicum annuum L.) Seeds on High-fat Diet-induced Obesity in Mice[END_REF]. Recently, a study examined the association between pepper consumption and the risk of death in an Italian adult population. They demonstrated that regular chili pepper consumption is associated with lower risk total and CVD death independent of CVD risk factors or adherence to a Mediterranean diet [START_REF] Bonaccio | Chili Pepper Consumption and Mortality in Italian Adults[END_REF]. Another study with this same purpose but in a Chinese adult population found an inverse relationship between chilli intake and the risk of becoming overweight/obese [START_REF] Shi | Chilli consumption and the incidence of overweight and obesity in a Chinese adult population[END_REF].

Capsicum baccatum var. pendulum

Among the species belonging to the genus Capsicum, the species Capsicum baccatum var. pendulum, the most consumed variety in the South and Southeast regions of Brazil, represents high socioeconomic importance for the country's agriculture (EMBRAPA, 2008;[START_REF] Bosland | Improving the economics of NASH/NAFLD treatment through the use of systems biology[END_REF].

Plants of this species are in the form of a shrub. Its flowers have a white corolla with a pair of yellowish or greenish spots at the base of each lobe of the petals and its fruits are elongated and red when ripe (figure 9) (EMBRAPA, 2008).

These fruits have a sweet and mildly spicy flavor due to their medium to light pungency [START_REF] Wahyuni | Metabolite biodiversity in pepper (Capsicum) fruits of thirty-two diverse accessions: Variation in health-related compounds and implications for breeding[END_REF]. Source: Author

In the literature, several activities for the genus are described, such as analgesic, antioxidant, anti-inflammatory and hypocholesterolemic, but there are few studies that explore the therapeutic potential of the species C. baccatum [START_REF] Spiller | Anti-inflammatory effects of red pepper (Capsicum baccatum) on carrageenan and antigen-induced inflammation[END_REF][START_REF] Costa | Antioxidant activities of peppers of the genus Capsicum[END_REF][START_REF] Zimmer | Antioxidant and Anti-Inflammatory Properties of Capsicum Baccatum: From Traditional Use to Scientific Approach[END_REF][START_REF] Zhang | Hypocholesterolemic Effect of Capsaicinoids in Rats Fed Diets with or without Cholesterol[END_REF].

The safety of long-term oral administration of C. baccatum extracts has already been demonstrated in CF1 mice as specific aspects of animal physiology were not affected by the use of pepper. Anti-oxidant and anti-inflammatory activities were also demonstrated for extracts obtained from the species. For the antiinflammatory activity, in vitro models demonstrated inhibition of TNF and nitric oxide production after the treatment, whereas the in vivo effects were demonstrated through the models of carrageenan-induced pleurisy, carrageenan-induced peritonitis and paw edema induced by carrageenan, histamine, PGE2. Interestingly, these antiinflammatory effects seem to be independent of capsaicin presence [START_REF] Zimmer | Antioxidant and Anti-Inflammatory Properties of Capsicum Baccatum: From Traditional Use to Scientific Approach[END_REF][START_REF] Allemand | Red Pepper (Capsicum baccatum) Extracts Present Anti-Inflammatory Effects In Vivo and Inhibit the Production of TNF-α and NO In Vitro[END_REF]. Still, peptides extracted from the seeds of this species showed excellent activity against biofilm formation [START_REF] Von Borowski | Red pepper Capsicum baccatum: source of antiadhesive and antibiofilm compounds against nosocomial bacteria[END_REF][START_REF] Von Borowski | Red pepper peptide coatings control Staphylococcus epidermidis adhesion and biofilm formation[END_REF].

In et al., 2017). Despite its high incidence, no effective drug for its treatment has been approved so far, making the development of new therapies essential [START_REF] Bosland | Improving the economics of NASH/NAFLD treatment through the use of systems biology[END_REF].

Due to their vast structural diversity and range of pharmacological activities, plants represent an important source of new molecules as future therapeutic agents (INGLE et al., 2016). The plant species used in this work, Capsicum baccatum var.

pendulum, popularly known in Brazil as "dedo-de-moça" pepper, is widely and easily cultivated in the country, representing a low-cost source of raw material.

Thus, ripe fruits of this species were used to obtain the butanol extract (BUT), which after fractionation resulted in an enriched fraction (EF). These extracts were analyzed by UHPLC-ESI(+)-MS/MS for undirected metabolomic analysis followed by molecular network workflow. The construction of a molecular network begins with obtaining the MS/MS spectra of all ionized molecules in the sample, followed by chemical similarity analysis of the entities, allowing the grouping of structurally related molecules through nodes that connect within the network. Thus, each node is queried against spectral libraries to assign putative known molecules, and unknown molecules within the network can be propagated using chemical rationale [START_REF] Aron | Reproducible molecular networking of untargeted mass spectrometry data using GNPS[END_REF]. Through this analysis, a total of 2443 nodes were identified for BUT and 2017). Molecular network analysis indicated the presence of compounds belonging to the classes of capsianosides, flavonoids, and their glycosides, and some of these compounds have never been described before for the plant species. Furthermore, the presence of compounds belonging to the class of capsaicinoids, such as capsaicin, was found only in BUT. This suggests that the effects on the chronic metabolic diseases studied so far are, at least in part, independent of the presence of capsaicin. In addition, EF was submitted to a purification process through semipreparative chromatography, resulting in four more purified compounds and two fractions that included a mixture of compounds with similar characteristics according to the analytical HPLC profile. These six purified compounds, as well as the BUT and EF derivatives, were evaluated in an in vitro model of liver disease in Chapter 3 of this thesis.

Compounds purified from plants usually have extremely low yields, which makes it difficult to test them in animal models, especially those that require a long period of treatment [START_REF] Farha | Strategies for target identification of antimicrobial natural products[END_REF]. Therefore, the use of cell lines representing characteristic models of a given disease is a relevant alternative tool, as it allows extracting significant information about the effects and possible mechanisms of action of a therapeutic agent of interest, requiring a small amount of product [START_REF] Allen | Cell Lines as In Vitro Models for Drug Screening and Toxicity Studies[END_REF].

In the literature, several models that allow simulating the different stages of NAFLD are described. One of them is through the use of the HepG2 cell line, whose origin is the human hepatocarcinoma. These cells, in addition to other functions, have the potential to secrete lipoproteins, which makes them suitable for the study of human lipid metabolism. When exposed to different concentrations of oleic and palmitic acids, they exhibit intracellular accumulation of lipid droplets [START_REF] Willebrords | Strategies, models and biomarkers in experimental nonalcoholic fatty liver disease research[END_REF].

In the present study, this lipid accumulation model, which simulates a condition of human hepatic steatosis, was successfully developed and standardized.

After exposure to a mixture of oleate/palmitate (2:1), abundant lipid droplets accumulated in the cytoplasm of HepG2 cells. When we treated these cells with purified C. baccatum compounds, an important decrease in the lipid accumulation was observed. At the highest dose tested, 50 μg/mL, all compounds showed a significant reduction in the amount of stored lipid, and showed no difference in relation to the control group (no exposure to fatty acids). The cell viability assay was carried out in parallel in all experiments, and we concluded that the decrease in fat accumulation was not accompanied by a decrease in hepatocyte viability. Also, when evaluating some proteins involved in lipid metabolism, an upregulation of CPT-1 levels was found, which may have occurred by different mechanisms as exemplified in Figure 1. Concerning beneficial activity of these compounds in decrease lipid accumulation in HepG2 cells, efforts were made to identify the substances present in these fractions which may be involved in the observed biological activity. After analysis of F5 b .4 by MS and NMR, the presence of a compound with a fragmentation pattern compatible with capsianoside XIII was detected. Capsianosides have been described in other pepper species, but it is the first time they were identified in C.

baccatum [START_REF] Lee | Acyclic Diterpene Glycosides, Capsianosides VIII, IX, X, XIII, XV and XVI from the Fruits of Paprika Capsicum annuum L. var. grossum BAILEY and Jalapeño Capsicum annuum L. var. annuum[END_REF][START_REF] Lee | Acyclic Diterpene Glycosides, Capsianosides C, D, E, F and III, from the Fruits of Hot Red Pepper Capsicum annuum L. Used in Kimchi and Their Revised Structures[END_REF][START_REF] Lee | Three New Acyclic Diterpene Glycosides from the Aerial Parts of Paprika and Pimiento[END_REF]. Currently, MS and NMR analyzes are being carried out in order to identify the compounds present in the other purified fractions. Since these fractions have compounds with similar chemical characteristics as: (a) do not present ultraviolet absorption (b) show similar spot colorations in thin layer chromatography using sulfuric anisaldehyde and heat, and

(c) have NMR profiles similar to those of F5b.4, it is likely that these fractions are also composed of capsianosides, but this hypothesis needs to be confirmed with complete structural elucidation.

In the literature, an animal model of NASH obtained using a high-fat, amino- Male C57BL/6 mice were exposed to the CDAHFD for 12 weeks and concomitantly treated with BUT and EF (HOFFMANN et al., 2020). Some of the animals were euthanized after 3 and 8 weeks of the experiment in order to verify the evolution of the disease. After 3 weeks, the liver of animals that received CDAHFD showed an extensive accumulation of fat, with grade 3 steatosis in all animals.

Furthermore, they already had a high degree of inflammation. Between 8 and 12 weeks, collagen fiber formation increased in animals exposed to the CDAHFD diet, representing an early stage of liver fibrosis. Although the model performed well, the administration of BUT and EF to animals at doses of 200 mg/kg and 50 mg/kg, respectively, was not able to reverse or improve the aspects involved in NAFLD evaluated.

Choline is an essential lipotropic nutrient for the maintenance of hepatic lipid homeostasis, which acts in the regulation of fatty acid synthesis and hepatic lipid mobilization. Choline deficiency causes abnormal accumulation of lipids in the liver, affecting its function and leading to the onset of diseases such as NASH and cirrhosis [START_REF] Chandrasekaran | Evaluation of Lipotropic Effect of Herbal Formulation on Hepatic Fat Accumulation in Rats Fed with Methionine-Choline Deficient Diet[END_REF]. The classical NASH model, which uses MCD, a diet that does not have choline or methionine (precursor of choline biosynthesis), is a representative model of the deactivation of intrahepatic triglyceride metabolism, which generates systemic effects and extreme loss of body weight [START_REF] Matsumoto | An improved mouse model that rapidly develops fibrosis in non-alcoholic steatohepatitis[END_REF].

Therefore, we decided to conduct a pilot study using another NASH model that is also induced more quickly than models using high-calorie diets. This model consists of offering a high-calorie diet to the animals (Western Diet WD), as in traditional models of NAFLD, but adding a liver damage accelerator (CCl 4 ), at a lower dose than the dose usually used in the model of drug-induced acute liver injury [START_REF] Tsuchida | A Simple Diet-and Chemical-Induced Murine NASH Model with Rapid Progression of Steatohepatitis, Fibrosis and Liver Cancer[END_REF]. After 8 weeks of exposure to WD/CCl 4 and concomitant oral treatment with water or EF at a dose of 50 mg/kg, the model generated the predicted liver changes, but it was not possible to observe greater benefits in the development of the disease when treating animals with EF. Interestingly, we observed a reduction in epididymal fat accumulation and a tendency towards a decrease in other fat deposits when animals received EF compared to animals that received water.

Several hypotheses can be considered to explain the non-visualization of beneficial effects after administration of BUT and EF in animals. One of possible explanations is that despite being a model that develops the different stages of NAFLD, it exhibits a metabolic profile that is different from that of human NASH and

is not a substitute for the disease [START_REF] Santhekadur | PRECLINICAL MODELS OF NONALCOHOLIC FATTY LIVER DISEASE[END_REF]. Indeed, animals subjected to NASH models induced by CDAHFD or WD/CCl 4 do not develop key components of the metabolic syndrome, such as obesity and insulin resistance.

Thus, high-calorie diets, even though they are time-consuming and reflected in increased costs, may be the most suitable for developing NASH models with human NASH characteristics in studies whose main objective is the search for new therapeutic alternatives for the disease. (ABE et al., 2019). Furthermore, the tested extracts may have a different mechanism of action to exert their effects, considering the mechanisms by which the disease is induced in these two models.

The changes in liver histology generated by these models are very aggressive and may also explain the failed to see extracts benefical effects. The CDAHFD model produces in a short time an excessive accumulation of fat, which leads to cell damage, organelle dysfunction and inflammation in the liver [START_REF] Musso | Bioactive Lipid Species and Metabolic Pathways in Progression and Resolution of Nonalcoholic Steatohepatitis[END_REF].

The same occurs for the animals of the WD/CCl 4 model, as the use of CCl 4 results in a faster progression of the diseaseas, causing the animals to develop stage 3 fibrosis at 12 weeks and cellular hepatocarcinoma at 24 weeks of the experiment.

Furthermore, it is important to emphasize that CCl 4 is a potent hepatotoxin that can induce genotoxicity and oxidative DNA damage in rodents [START_REF] Febbraio | Preclinical Models for Studying NASH-Driven HCC: How Useful Are They?[END_REF].

Thus, the hypothesis that the dose used may not have been adequate given the magnitude of the changes generated by the model must be considered. It is also important to emphasize that we are working with extracts, that is a mixture of compounds and not with isolated products, making this search even more complex and challenging.

Moreover, these two models for inducing advanced stages of NAFLD are relatively recent, requiring further studies to better understand them. In the literature, there are still few studies that used CDAHFD to test a possible therapeutic candidate for the treatment of the disease. For the WD/CCl 4 model no studies testing pharmacological therapies were found in the literature.

In summary, given the findings of this study, we demonstraded that capsianoside-enriched subfractions were able to significantly decrease fat accumulation in hepatocytes in vitro model. Metabolomic analysis of BUT and EF showed the complexity of these products and open the possibility for the identification of new bioactive compounds. Concerning the in vivo NAFLD models, we will have to invest in milder and more gradual models of the disease to better investigate the effects observed in in vitro model. In addition, as we observed a reduction in the adiposity index in animals treated with EF in the WD/CCl 4 model, it is important to further investigate the effects over other metabolic changes related to adipose tissue.

,

CONCLUSIONS AND PROSPECTS

________________________________________

The preliminary results of the present study showed that Capsicum baccatum is an important source of bioactive compounds. Through untargeted metabolomic analysis we could observe the difference in the profile of BUT and EF extracts and identify several chemical classes, as well as some known molecules present in GNPS library. Through the analysis of mass spectrometry together with the analysis by NMR spectroscopy it was possible to identify and structurally elucidate the capsianoside XIII in one of the purified fractions tested. Capsianosides had never been described for this species so far.

The extracts purification step generated purified compounds that showed hepatoprotective activity in an in vitro model of hepatocellular steatosis, preventing the accumulation of lipids in hepatocytes exposed to a mixture of fatty acids, without reducing cell viability. Furthermore, preliminary mechanism of action studies indicated that these compounds were able to modulate proteins involved in the βoxidation of fatty acids. The findings so far indicated that the tested fractions are likely enriched in capsianosides. It is the first time that a hepatoprotective activity has been related to compounds belonging to the class of capsianosides.

Moreover, the administration of BUT extract of C. baccatum and/or its enriched fraction EF using murine models of induced NASH and fibrosis did not show benefits at the doses used of 200 mg/kg for BUT and 50 mg/kg for EF. Maybe this lack of biological activity observed for these extracts could be related to the therapeutic regimen used; the need to test a more purified sample in order to maximize therapeutic effects; or to issues related to the selected experimental model and the stage of the disease in which these compounds act, since C. baccatum derivatives seem to act in earlier stages of NAFLD.

In view of these findings, the perspectives of this work are to continue the metabolomic analysis in order to obtain a complete panel of molecules present in the extracts and especially the elucidation of the compounds present in the purified fractions. Also, conduct a detailed investigation of the metabolic pathways involved in the activities found for these compounds in the in vitro model of NAFLD and to testing the extract or its purified subfractions in milder in vivo models of NAFLD.
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  -chave: Capsicum baccatum; pimenta vermelha; capsianosídeos; DHGNA; doenças metabólicas crônicas. RÉSUMÉ Prospection de composés bioactifs à partir de sources naturelles pour la gestion des maladies métaboliques chroniques multifactorielles Les maladies métaboliques chroniques, comprenant l'obésité, le diabète et les maladies cardio-vasculaires et hépatiques, sont devenues une menace pour la santé mondiale en raison de leur incidence croissante. Ce sont des maladies complexes causées principalement par une combinaison de facteurs métaboliques, génétiques et environnementaux. Dans les pays occidentaux industrialisés, la stéatose hépatique non alcoolique (NAFLD) est la maladie hépatique la plus courante avec une prévalence mondiale de 6 à 35% de la population. Bien que des efforts considérables soient constamment consacrés à la recherche de stratégies thérapeutiques efficaces, aucun traitement pharmacologique spécifique n'a été approuvé à ce jour. Par conséquent, des stratégies telles que les changements de mode de vie et l'utilisation de médicaments off-label pour gérer les facteurs de risque et soigner la maladie sont les ressources actuellement utilisées pour essayer d'empêcher sa progression. Cette maladie a un spectre clinique commençant par une stéatose hépatique (NAFL), qui peut évoluer vers une stéatohépatite non alcoolique (NASH), une fibrose avancée, une cirrhose et même un carcinome hépatocellulaire. Parmi les facteurs de risque associés figurent la résistance à l'insuline, l'obésité, l'hyperlipidémie et d'autres composantes du syndrome métabolique (MetS). Les produits naturels, en particulier ceux dérivés des plantes, sont utilisés depuis des milliers d'années et représentent une ressource importante dans la recherche de nouvelles alternatives thérapeutiques. Des études antérieures de notre groupe de recherche ont montré des résultats prometteurs de l'extrait de butanolique (BUT) de Capsicum baccatum var. pendulum et de sa fraction enrichie (EF) dans la prévention des changements métaboliques liés au MetS dans un modèle murin de la maladie, y compris la réduction du poids corporel, de la résistance à l'insuline, ainsi que la réduction de l'accumulation de cholestérol et de triglycérides dans le foie. Dans ce contexte, cette étude consiste en la prospection et l'évaluation pharmacologique de produits purifiés de Capsicum baccatum à l'aide de modèles NAFLD in vitro et in vivo. La première partie de la thèse été dédiée à une revue approfondie de la littérature étudiant les modèles employés pour développer le MetS chez les rongeurs soumis à des régimes hypercaloriques (obésogènes). Après l'analyse systématique de la littérature scientifique, les données ont été traitées et les corrélations entre les différentes conditions expérimentales utilisées dans les études et les résultats métaboliques obtenus ont été établies. En ce sens, les espèces de rongeurs utilisées, le sexe et l'âge des animaux au début de l'étude ont été évalués, ainsi que le temps d'exposition et les différents types de régimes alimentaires utilisés. A travers cette étude, il a été possible de mener une discussion approfondie sur les modèles actuellement utilisés par les chercheurs pour induire un ensemble de troubles métaboliques chroniques chez l'animal, et avec cela, de proposer des conditions expérimentales optimisées pour étudier le MetS chez les rongeurs, visant à augmenter la reproductibilité des études et à réduire les coûts de recherche. La deuxième partie du travail se concentre sur l'obtention de l'extrait BUT, de la fraction FE et des composés purifiés de Capsicum baccatum, ainsi que leur caractérisation chimique et l'évaluation de leurs effects biologiques sur le modèle cellulaire NAFLD. La fraction EF et les composés purifiés ont été obtenus à partir du fractionnement de BUT, guidés par des méthodes d'extraction chromatographiques et liquide-liquide. Après ce processus, six fractions purifiées principales ont été sélectionnées en fonction du rendement et de la pureté estimées, pour poursuivre les études d'identification chimique et les tests biologiques. Dans le but d'identifier l'ensemble des métabolites présents dans les extrats BUT et EF ainsi que de les comparer les uns aux autres, une analyse métabolomique non dirigée par UHPLC-ESI(+)-MS/MS a été réalisée. Ensuite, un réseau moléculaire a été créé reliant des composés en fonction de leur similarité structurelle, entraînant la formation de clusters. Le réseau moléculaire formé a identifié un total de 2443 noeuds (entités chimiques) pour BUT et EF, la plupart d'entre eux, 1488 noeuds (60,9%) présents uniquement in BUT, 394 noeuds (16,1%) présents uniquement dans l'extrait EF et 437 noeuds (17,88%) présents dans les deux extraits. Ce résultat confirme lóbtention d'un produit plus purifié et pointe vers l'enrichissement de la fraction EF en composés bioactifs, puisque EF a montré des résultats pharmacologiques supérieurs à BUT dans une étude précédente du groupe dans le modèle MetS in vivo. Il est important de souligner que la présence de composés appartenant à la classe des capsaïcinoïdes, comme la capsaïcine, trouvée dans BUT, n'a pas été mise en évidance dans EF. Cela suggère que les effets sur les maladies métaboliques chroniques étudiées jusqu'à présent sont, au moins en partie, indépendants de la présence de capsaïcine. L'analyse du réseau moléculaire indique la présence de composés appartenant aux classes des capsianosides, des flavonoïdes, des anthocyanes et de leurs glycosides, et certains de ces composés n'ont jamais été décrits auparavant pour l'espèce végétale. Pour évaluer le résultat de ce fractionnement bioguidé sur l'activité biologique des produits obtenus, les extraits sources (BUT et EF) et les composés purifiés (F5 b .4, F6 b .3, F6 b .4, F6 b .5, F6 b .6, F6 b .7) ont été testés dans un modèle d'accumulation de lipides in vitro induite dans des cellules HepG2 par exposition à un mélange d'acides gras oléate et palmitate (2:1) à 1 mM, simulant un scénario de stéatose hépatique. En conséquence, après exposition des cellules aux acides gras pendant 16h et coloration à l'Oil red O, une augmentation significative de la teneur en lipides cellulaires a été observée. Cependant, lorsque nous avons traité les cellules avec des composés purifiés, une réduction significative de l'accumulation de ces lipides a été observée pour tous les composés à une dose de 50 µg/mL, ce qui ne s'est pas produit pour les extraits d'origine, indiquant que le fractionnement a pu potentialiser l'action des composés. De plus, trois des composés testés (F6 b .4, F6 b .6 e F6 b .7) ont également montré cette réduction de láccumulation de lipides à une dose plus faible de 10 µg/mL. Il est à noter que les expériences de viabilité cellulaire avec MTT ont été menées en parallèle de toutes les expériences afin de montrer que la réduction observée de la teneur en lipides était indépendante d'une réduction de la viabilité cellulaire. Cherchant à comprendre le mode d'action de ces composés, les niveaux de certaines protéines impliquées dans le métabolisme des lipides ont été mesurés. Les résultats obtenus jusqu'à présent montrent une régulation positive de l'expression de CPT1 (carnitine palmitoyltransférase I), une protéine impliquée dans l'oxydation des acides gras mitochondriaux. Il existe plusieurs façons de réguler positivement les niveaux de cette protéine, de sorte que le mécanisme d'action exact par lequel ces composés activent cette voie et réduisent l'accumulation de lipides dans les cellules HepG2 doit encore être étudié plus en détails. Sur la base des activités trouvées, nous avons procédé à l'identification des composés présents dans les derivés testés. Grâce à l'analyse par spectrométrie de masse (MS et MS/MS) de la fraction purifiée F5b.4, nous avons identifié une structure avec un motif de fragmentation compatible avec celui du capsianoside XIII. Avec l'analyse des spectres RMN 1 H et 13 C, ainsi que des spectres RMN 2D (COSY, HMBC, HSQC, TOCSY), il a été possible de confirmer la structure observée dans l'analyse de masse. C'est la première fois qu'un composé de la classe des capsianosides est identifié dans l'espèce étudiée. Les analyses concernant la composition chimique détaillée de BUT et EF par l'étude métabolomique, ainsi que l'identification d'autres capsianosides dans les autres derivés testés sont encore en cours de développement et nous espérons obtenir bientôt un panel complet des structures présentes dans chacun des dérivés afin de déterminer les composés qui contribuent le plus aux effets biologiques observés. Étant donné que la quantité de composés purifiés disponibles est extrêmement limitée, des études in vivo à long terme pour vérifier l'action de ces composés dans un modèle plus complexe, tel que le modèle de la maladie maladie induite chez les rongeurs, n'ont pas pu être réalisées jusqu'à présent. Ainsi, des tests in vivo ont été menés avec les extraits d'origine, BUT et EF à des doses de 200 mg/kg et 50 mg/kg, respectivement. Pour cela, deux modèles murins induisant la NAFLD, plus précisément la NASH, ont été employés en utilisant des souris mâles C57BL/6. La NASH induite par un régime pauvre en choline, défini en acides aminés L (faible teneur en méthionine), et riche en graisses (CDAHFD) a été utilisée pour tester les effets de l'administration orale d'extraits BUT et EF. Au cours de 12 semaines d'alimentation avec CDAHFD et un traitement concomitant par les extraits BUT ou EF, des analyses biochimiques plasmatiques et des analyses histologiques ont été menées à trois temps expérimentaux (3, 8 et 12 semaines). Au cours de cette période, il a été observé que les animaux présentaient une évolution progressive compatible avec les stades de NAFL, de NASH et de fibrose hépatique, évaluée principalement à travers les changements morphologiques observés en coupe histologique, montrant que le modèle est efficace pour générer ces phénotypes chez le animal. Cependant, aux doses testées, BUT et EF n'ont pas montré d'effets thérapeutiques significatifs. Ainsi, un deuxième modèle, qui consistait en une étude pilote, a été mis en oeuvre pour déterminer les effets de l'extrait EF à la dose de 50 mg/kg dans un modèle de NASH induite par un régime occidental (Western diet) associé à des stimuli toxiques à une faible dose (CCl 4 , 0,2 µl/g de poids corporel, une fois par semaine) comme accélérateur de phénotype. Après 8 semaines de traitement, on pu observer que la fraction EF réduisait l'accumulation de graisse épididymaire et l'indice d'adiposité des animaux, et montrait une tendance à la réduction des tissus adipeux inguinaux et rétropéritonéaux, mais les effets sur le foie étaient faibles. Au vu de ces résultats, certaines hypothèses peuvent être envisagées pour expliquer l'absence d'effet biologique in vivo sur la NAFLD dans les conditions expérimentales testées. Étant donné que les deux modèles utilisés développent la maladie de manière accélérée avec une alimentation carencée en nutriments essentiels ou en présence d'un agent hépatotoxique, il se peut que la dose testée n'ait pas été suffisante en présence des stimuli utilisés pour générer les dommages. De plus, bien que les deux modèles soient excellents car ils présentent des caractéristiques histologiques similaires à celles observées chez l'homme, le mode de développement de la maladie diffère de celui qui est normalement associé au développement graduel de la NAFLD humaine, qui résulte d'une mauvaise hygiène de vie, notamment un apport calorique excessif, associé à d'autres facteurs métaboliques, génétiques et environnementaux. Alors, sur la base de l'ensemble des résultats obtenus jusqu'à présent pour l'espèce, des études in vivo dans des modèles NAFLD qui sont développés de manière plus douce et pour une longue période, comme celles utilisant des régimes obésogènes, peuvent être plus appropriées pour nous fournir des résultats sur les effets de ces extraits sur la pathologie hépatique. En conclusion, les résultats obtenus ici indiquent que les composés identifiés et isolés lors du fractionnement bioguidé d'extraits de Capsicum baccatum var. pendulum sont inédits pour l'espèce et contribuent aux effets bénéfiques observés dans le modèle in vitro de NAFLD, représentant une nouvelle classe thérapeutique à explorer dans le prise en charge des maladies métaboliques chroniques. C'est la première fois que ce type d'activité biologique est décrit pour la classe des capsianosides. Mots-clés: Capsicum baccatum; piment rouge; capsianoside;
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  evaluated in two murine NASH models. This thesis is divided into four main chapters. Chapter 1 consists of a theoretical framework developed based on current scientific literature. Chapter 2 consists of a review article published in the Molecular Nutrition and Food Research journal that discusses models for inducing metabolic syndrome in rodents through obese diets. Chapter 3 contemplates one experimental part of this thesis where extracts and compounds purified from C. baccatum were chemically characterizedand tested to evaluate their hepatoprotective effect. This chapter is being formatted and will be submitted for publication in the journal Food Chemistry. Finally, chapter 4, which contemplates the other experimental part that makes up this thesis. This chapter presents the results of tests performed to evaluate the effects of extracts in murine NASH models (figure1).

Figure 1 .

 1 Figure 1. Schematic representation of the sequence of studies that make up the thesis.



  To prepare and characterize extractive solutions and purified fractions from C. baccatum; To isolate, purify and identify compounds from the extracts of C. baccatum with the most promising activity in the evaluated models;  To develop and standardize an in vitro model that simulates liver steatosis;  To investigate, from the developed in vitro model, the biological activity of the purified compounds;  To investigate the mechanism of action by which bioactive compounds exert their biological effect;  To assay the effects of the bioactive compounds of C. baccatum in a NASH model induced by a diet rich in fat, deficient in methionine and without choline in C57BL/6 mice;  To assay the effects of the bioactive compounds of C. baccatum in a NASH model induced by western diet combined with low weekly dose of carcinogen in C57BL/6 mice;  To assess the histological profile of the liver tissue of the animals in both models;

  attributed to genetic history, aging processes and external factors such as diet, physical activity and environmental factors. The consumption of high-calorie diets, for example, strongly contributes to the development of metabolic diseases as they are capable of disrupting a large number of metabolic pathways[START_REF] Nagamani | Data Science Driven Drug Repurposing for Metabolic Disorders[END_REF]. Chronic metabolic diseases, including diabetes, obesity, non-alcoholic fatty liver disease (NAFLD), metabolic syndrome (MetS), and cardiovascular diseases (CVD), have become a serious public health problem, posing a major threat to global health in the 21st century. With the increasing incidence of obesity and type 2 diabetes mellitus (T2DM) in the population, these diseases are increasingly prevalent. Furthermore, they are complex conditions that involve multiple factors that influence their development and progression, thus making their prevention and treatment difficult[START_REF] Ackers | Interrelationship of canonical and non-canonical Wnt signalling pathways in chronic metabolic diseases[END_REF] HERNÁNDEZ-CEBALLOS et al., 2021,).

  risk factors include central obesity, high fasting glucose, high blood pressure, increased triglyceride levels and decreased HDL cholesterol levels, and are used as criteria for the diagnosis of the syndrome. The presence of at least three of these five criteria defines the presence of MetS[START_REF] Alberti | Harmonizing the Metabolic Syndrome A Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute[END_REF].Overweight and obesity are the main components of metabolic diseases such as MetS, T2DM and NAFLD being the way that fat is distributed in the body, the functionality of the white adipose tissue (WAT) and insulin resistance (IR) the basis of these disorders. In other words, not all obese people are metabolically unhealthy and not all normal-weight or thin people are metabolically healthy. This fact can be explained by the expansion capacity of WAT to store lipids, which can vary from person to person[START_REF] Godoy-Matos | NAFLD as a continuum: from obesity to metabolic syndrome and diabetes[END_REF]. Under healthy conditions, the subcutaneous adipose tissue (SAT) can be seen as the main tissue that stores lipids safely. Under conditions where the capacity for expansion of this tissue is reached, the lipids end up extravasating and are deposited in ectopic tissues such as skeletal muscle and liver and in the visceral region, where this fat can cause metabolic disturbances. Limited lipid storage capacity is characterized by adipocyte hypertrophy, hypoxia, and accumulation of pro-inflammatory cells, including M1 macrophages, mast cells and various T-lymphocyte classes, which contribute to IR.In particular, visceral adipose tissue (VAT) is the tissue most prone to inflammatory infiltration and, therefore, secretes large amounts of cytokines and free fatty acids[START_REF] Bosy-Westphal | Determinants of ectopic liver fat in metabolic disease[END_REF]. The increase in waist circumference that occurs as a result of visceral fat accumulation is a marker of ectopic fat accumulation in humans and is a diagnostic criterion for MetS. This excessive accumulation of ectopic fat leads to inflammation and IR. WAT dysfunction/lipotoxicity, inflammation, mitochondrial dysfunction, hyperinsulinemia and endoplasmic reticulum stress are hypotheses to explain the mechanisms responsible for IR in obese individuals.Obesity-induced IR in WAT, liver, and skeletal muscle combined with impaired insulin secretion by pancreatic β-cells is a major cause of T2DM. Furthermore, IR is linked to other metabolic abnormalities associated with obesity, such as dyslipidemia, NAFLD, hypertension, coronary heart disease, and stroke[START_REF] Longo | Adipose Tissue Dysfunction as Determinant of Obesity-Associated Metabolic Complications[END_REF].Hyperinsulinemia and hyperglycemia, together with increased concentrations of free fatty acids (FFAs) and pro-inflammatory cytokines, are factors that can alter insulin signaling in different tissues, leading to the development and worsening of IR. IR is considered one of the main factors involved in the pathogenesis of NASH and their progression. In an IR setting, liver fat accumulation is caused by impaired uptake, synthesis, export and oxidation of FFAs. Proof of this is the correlation between the degree of hepatic steatosis and the increase in plasma levels of FFAs, which occurs due to impaired suppression of lipolysis in adipose tissue[START_REF] Armandi | Insulin Resistance across the Spectrum of Nonalcoholic Fatty Liver Disease[END_REF].The WAT expandability hypothesis is a good indication to explain the presence of NAFLD in thin individuals. It is possible that different individuals have different intrinsic limits on the ability of their adipose tissue deposits to expand and that, upon reaching these limits, they begin to develop IR and subsequently NAFLD. Also, studies have suggested that thin individuals with NASH are characterized by an early impairment of WAT expandability and flexibility, increased WAT IR and FFA release, and are more likely to develop NASH[START_REF] Azzu | Adipose Tissue-Liver Cross Talk in the Control of Whole-Body Metabolism: Implications in Nonalcoholic Fatty Liver Disease[END_REF].Adiponectin, an adipocytokine with cardioprotective effects, mediated mainly by insulin-sensitizing, anti-inflammatory, and antiatherosclerotic actions, also appears to be associated with the development of NAFLD, as patients with the disease have lower serum levels of this hormone. Together, NAFLD and its associated metabolic abnormalities can reduce adiponectin production, which in turn can have adverse effects on many MetS-related organs and tissues[START_REF] Lim | Links between metabolic syndrome and metabolic dysfunctionassociated fatty liver disease[END_REF]. Studies have shown that polyphenols such as resveratrol, berberine and catechin can protect against the development of NAFLD and associated complications through adiponectin modulation[START_REF] Shabalala | The effect of adiponectin in the pathogenesis of nonalcoholic fatty liver disease (NAFLD) and the potential role of polyphenols in the modulation of adiponectin signaling[END_REF].

  disorders, such as NAFLD, with potential clinical application as a non-invasive biomarker and a target for modulation therapy(SHARPTON et al., 2021). Numerous experimental and clinical studies target the intestinal microbiota as a strategy to modulate susceptibility to NAFLD[START_REF]Nonalcoholic Fatty Liver Disease: Modulating Gut Microbiota to Improve Severity[END_REF] NAFLD and T2DM are two pathological conditions that often coexist and act synergistically to increase the risk of adverse hepatic and extrahepatic clinical outcomes. Accumulated evidence indicates that NAFLD may precede and/or promote the development of T2DM. While the risk of developing T2DM in patients with NAFLD is approximately doubled, regardless of obesity and other metabolic risk factors and also parallels the severity of NAFLD, on the other hand, T2DM is also an established risk factor for faster progression from NAFLD to NASH, cirrhosis or HCC.In addition, some observational studies have shown that NAFLD improvement or resolution is closely associated with a reduced risk of diabetes. Thus, it is possible that strategies aimed at improving NAFLD can help reduce the risk of T2DM through improvements in insulin resistance and chronic inflammation[START_REF] Targher | The complex link between NAFLD and type 2 diabetes mellitus mechanisms and treatments[END_REF]. Thus, metabolic dysfunction, which encompasses obesity, T2DM, hypertension, dyslipidemia and MetS, is intimately involved in the development of NAFLD, with IR being the common underlying pathophysiology. The imbalance between energy intake and expenditure triggers IR in various tissues as well as changes in the intestinal microbiota resulting in hepatic fat accumulation. During this process, intracellular damage and hepatic IR contribute to disease progression, further enhancing tissue inflammation, fibrogenesis and carcinogenesis. It is also important to highlight the role of some genetic factors in the development and progression of the disease has been increasingly highlighted[START_REF] Sakurai | Role of Insulin Resistance in MAFLD[END_REF].

  figure 1 (ESLAM et al., 2020).
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 1 Figure 1. Flowchart containing the proposed diagnostic criteria for MAFLD. Retrieved from: Eslam et al., 2020

  (YOUNOSSI et al., 2019a). Data collected by the National Health and Nutrition Examination Surveys (NHANES) show that the prevalence of NAFLD doubled in the US between 1988 and 2008. From 1988 to 1994, NAFLD was responsible for 46.8% of cases of chronic liver disease, increasing to 75.1% from 2005 to 2008. Current US projections indicate a 21% increase in NAFLD cases from 2015 to 2030, leading to an overall prevalence of 33.5% in 2030, consequently leading increased NASH, decompensated cirrhosis and HCC. Furthermore, NAFLD is no longer a disease confined to the western world as the eastern side has shown high prevalence as well (KUMAR et al., 2020).
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 2 Figure 2. The Global Prevalence of Nonalcoholic Fatty Liver Disease (NAFLD). Retrieved from: YOUNOSSI et al., 2019a
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 3 Figure 3. Clinical spectrum of non-alcoholic fatty liver disease, demonstrating the possible progression of the disease over time. Retrieved from: PERUMPAIL et al., 2017

Figure 4 .

 4 Figure 4. Changes in liver architecture associated with the progression of liver fibrosis: A) Normal liver; B) Liver with hepatic fibrosis. Retrieved from: BATALLER and BRENNER, 2005

Figure 5 .

 5 Figure 5. NAFLD development. NAFLD is caused by an imbalance in intrahepatocellular fatty acid (AF) metabolism. Hepatic triglyceride (TG) accumulation is promoted when FA input is greater than FA output in the liver. Lipolysis of subcutaneous adipose tissue and de novo lipogenesis (DNL) are the main sources of FAs (:signaling pathways related with TG accumulation by FA, : signaling pathways related with FA consumption). Retrieved from: KIM et al., 2021

  method is not able to discriminate among the stages of the disease. In recent years, the development of ultrasound-based elastography techniques has enabled objective measurements of liver stiffness to assess inflammation and fibrosis. Vibration controlled transient elastography, point shear wave elastography, 2D shear wave elastography, magnetic resonance elastography and computed tomography can be used to assessment of fibrosis[START_REF] Miele | Use of imaging techniques for non-invasive assessment in the diagnosis and staging of non-alcoholic fatty liver disease[END_REF]. In addition to the described imaging diagnosis techniques, other non-or minimally invasive biomarkers have been increasingly studied and are presented as useful strategies in the assessment of NAFLD/NASH. Although not strictly liver specific, several biological markers are associated with pathophysiological processes of the disease and have been studied and proposed for the evaluation of hepatic steatosis, NASH and significant/advanced fibrosis[START_REF] Tsai | Diagnosis and Evaluation of Nonalcoholic Fatty Liver Disease/Nonalcoholic Steatohepatitis, Including Noninvasive Biomarkers and Transient Elastography[END_REF]. Conceptually, a biomarker is a patient characteristic as an indicator of a normal or pathological process or a biological response to treatment. To increase accuracy, panels of biomarkers are usually developed and may include measurements of different parameters such as serum markers, genetic markers, based on multiomic data and microbiota-related markers[START_REF] Piazzolla | Noninvasive Diagnosis of NAFLD and NASH[END_REF].

  Figure 6 summarizes the drugs for the treatment of NASH currently in phase II and III development as well as their mechanisms of action. Drugs that have metabolic targets may act by improving insulin sensitivity, inhibiting different enzymes involved in de novo lipogenesis or improving mitochondrial fatty acid utilization. Those that target inflammation or cell damage may inhibit the recruitment of inflammatory cells or block inflammatory signaling, reduce oxidative stress and/or endoplasmic reticulum stress, or inhibit hepatocyte apoptosis. Targeting the liver-gut axis can modulate the enterohepatic circulation of bile acids and signaling or alter the gut microbiota. Finally, drugs that have anti-fibrotic targets (directly targeting hepatic stellate cells) can decrease collagen deposition in the liver or increase fibrolysis[START_REF] Vuppalanchi | Therapeutic pipeline in nonalcoholic steatohepatitis[END_REF].

Figure 6 :

 6 Figure 6: Drugs for the treatment of NASH currently in phases II and III development as well as their mechanisms of action. ACC, acetyl CoA carboxylase; ACL, ATPcitrate lyase; CCR, CC-chemokine receptor; DGAT2, diacylglycerol O-acyltransferase 2; FASN, fatty acid synthase; FGF, fibroblast growth factor; FXR, farnesoid X receptor; G3P, glycerol-3-phosphate; GLP1, glucagon-like peptide 1; MoGAT2, monoacylglycerol O-acyltransferase 2; OCA, obeticholic acid; PPAR, peroxisome proliferator-activated receptor; SCD, stearoyl-CoA desaturase; TG, triglyceride. Retrieved from: VUPPALANCHI et al., 2021

Figure 7 :

 7 Figure 7: Herbal medicine mediated the key pathological events in the procession of NAFLD. ER, endoplasmic reticulum; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TNF-α, Tumor necrosis factor-α; IL, Interleukin; ROS, reactive oxygen species; MDA, malondialdehyde; MCP-1, monocyte chemotactic protein-1; TIMP-1, tissue inhibitor of metalloproteinase-1. Retrieved from: XU et al. 2020.

  and in the number and type of sugar attached to it. Examples of a monomer and a dimer capsianosides are shown in figure8[START_REF] Lee | Two New Acyclic Diterpene Glycosides from Fruits of Habanero, Capsicum chinense[END_REF].

Figure 8 .

 8 Figure 8. Example of the chemical structure of capsianosides. A) Capsianoside XVIII -monomer; B) Capsianoside Jdimer. Highlighted are the diterpenic nuclei. Adapted from: LEE et. al, 2009

Figure 9 .

 9 Figure 9. Photos of Capsicum baccatum var. pendulum. (A) Bush full of fruit; (B) Flower with white corolla and a pair of yellowish/greenish spots at the base of each petal; (C) Ripe fruits and (D) Exsiccate deposited in the UFRGS Herbarium.

Figure 1 .

 1 Figure 1. Scheme that suggests some hypotheses by which C. baccatum could act in the upregulation of CPT-1 observed by the tested compounds.

  acid-deficient diet (CDAHFD) has been implemented for the investigation of the disease. This model circumvents the severity of the model induced by the diet deficient in methionine and choline (MCD) and the long experimental time of the model induced by high fat diets (HFD) (MATSUMOTO et al., 2013). Keeping with this, in the Chapter 4 of this document BUT and EF were tested in an in vivo NASH/Fibrosis protocol.
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  a study carried out in our research group, Molon reported the presence of several compounds in C. baccatum, such as phenolic compounds (caffeic acid and chlorogenic acid), glycosylated flavonoids, and glycosylated acyclic diterpenes, some of them new for the species (MOLON, 2016). Next, in a recent study, our research group investigated the effects of the species in a model of MetS induced by a hypercaloric diet during 17 weeks in C57BL/6 mice. It was found that C. baccatum extracts reduced body weight gain, visceral adiposity and prevented the development of a glucose intolerance profile in animals, as well as hyperinsulinemia and Chapter 4 consists of a manuscript for publication in a scientific periodical, which in the full text of this thesis occupies the interval between pages 171-207.

	hyperleptinemia. In addition, it significantly reduced the accumulation of cholesterol
	and triglycerides in the liver, preventing NAFL observed in the histological analyzes
	performed on the animals' livers (LEONARDI, 2017). These studies will be published shortly. CHAPTER 2. Evaluation

of Capsicum baccatum extracts on a murine model diet induced non-alcoholic steatohepatitis (NASH)

  In this study we investigated whether butanol extract and the enriched fraction of Capsicum baccatum protects from liver disease in two different mouse models of diet-induced NAFLD.The present work aimed to obtain and characterize isolated fractions and isolated compounds of Capsicum baccatum with promising activity in the treatment of Non-Alcoholic Fatty Liver Disease (NAFLD), a multifactorial chronic metabolic disease.The first chapter of this thesis consisted of a theoretical framework addressing aspects of multifactorial chronic metabolic diseases, with a special focus on NAFLD, as well as the potential use of natural products as allies in the management of these diseases. The chapter 1 presented the main theoretical basis used herein. The chapter 2 contained a comprehensive review of the literature on the experimental protocols applied to study MetS in rodents using diets to induce obesity which paper was published in the Molecular Nutrition & Food Research. This review aimed to optimize the methodology being used by the research groups, in order to generate greater reliability and ensure the reproducibility of results. This will serve as a robust platform to investigate new therapeutic strategies aimed at treating the various conditions associated with metabolic syndrome, including NAFLD.

NAFLD is the leading cause of progressive liver disease worldwide and is closely related to obesity, type 2 diabetes and metabolic syndrome (DONGIOVANNI

  EF, most of them, 1488 (60.9%), present only in BUT. EF showed 394 (16.1%) nodes while 468 nodes (17.88%) were present in both extracts. This result confirms the achievement of a more purified product and points to the enrichment of the EF fraction in bioactive compounds, since EF showed superior pharmacological results compared to BUT in an in vivo MetS model at a dose four times lower (LEONARDI,
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Graphical abstract

The prevalence of metabolic syndrome (MetS) is dramatically growing in population.

Due to the lack of suitable treatment for this condition, optimized preclinical models are needed to develop new therapeutic strategies. This review presents an updated discussion of recent studies using several experimental conditions to induce MetS in rodents, and critically evaluates what we have been learned from them.
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Capsianoside-enriched fractions inhibits lipid accumulation in HepG2 cells

Bianca Franco Leonardi 1 , Tainara Benin 1 , Thomas Gaslonde 

Abstract

NAFLD is a complex and heterogeneous group of liver diseases, with global prevalence and representing one of the main causes of liver morbidity and mortality.

Hepatic steatosis is the earliest stage of the NAFLD and often progresses to NASH, one of the severe forms of the disease. In previous studies, we found that the red pepper Capsicum baccatum var. pendulum reduces the accumulation of total cholesterol and triglycerides in the liver of diet-induced obese mice. Thus, this study aimed to identify active compounds from C. baccatum and evaluate their hepatoprotective effect in an in vitro model of hepatocellular steatosis. C. baccatum extract and purified fractions were tested for their ability to reduce lipid accumulation in vitro in HepG2 cells exposed to fatty acids. As a result, all purified compounds at the highest dose and two of them at the lowest dose reduced lipid accumulation.

Importantly, this reduction in lipid content was not accompanied by a reduction in cell viability. Moreover, one capsianoside was identified using mass spectrometry and NMR data. These results demonstrated that C. baccatum compounds effectively ameliorated lipid accumulation in hepatocytes after FFA exposure and could be a promising ally for NAFLD treatment.
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________________________________________