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Resumo

O tecido adiposo desempenha um papel importante na inflamacgdo cronica e a presenca de
compostos bioativos nos alimentos tem sido amplamente discutida como um meio de
prevencao e tratamento de varias condicGes patoldgicas. O objetivo desta revisdo € promover
uma visdo geral e elucidar as vias envolvidas no processo inflamatoério crénico desencadeado
pela hipertrofia do tecido adiposo e discutir dados relacionados ao uso do Acai na modulacdo
da inflamac&o. Inicialmente, foi realizada uma revisdo narrativa das vias metabdlicas e
moleculares envolvidas no processo de inflamacéo cronica subclinica (NF-xB, AP-1, crosstalk
entre macrofagos e adipécitos, aumento de LPS e via do Nrf2). Em seguida, uma revisao
integrativa foi realizada sobre o efeito do Acai nos processos de inflamagé&o subclinica crénica
em humanos. O banco de dados consultado foi o PubMed, no qual o nome da fruta foi
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cruzado com os descritores "inflamacdo” e "doencas crénicas"”, priorizando estudos in vivo e
in vitro relacionados a espécie humana, realizados nos ultimos dez anos. Observou-se que 0s
efeitos imunomoduladores do Acai sdo cada vez mais claros, no entanto, ndo sao suficientes
para classificar o fruto como uma ferramenta no tratamento e prevencdo de doencas
metabdlicas. Para possibilitar inferéncias mais abrangentes, € necessario que estudos futuros
incluam a avaliacdo da biodisponibilidade dos compostos bioativos presentes, aléem de serem
realizados utilizando-se métodos mais adequados, com seres humanos, contendo célculo do
tamanho da amostra, grupo controle e placebo.

Palavras-chave: Inflamacdo; Agai; Doencas cronicas ndo transmissiveis; Euterpe oleracea

martius.

Abstract

Adipose tissue plays an important role in chronic inflammation and the presence of bioactive
compounds in food has been widely discussed as a means of prevention and treatment of
various pathological conditions. The aim of this review is to promote an overview and
elucidate pathways involved in the chronic inflammatory process triggered by adipose tissue
hypertrophy and to discuss data related to the use of Acai in the modulation of inflammation.
Initially, a narrative review was carried out on metabolic and molecular pathways involved in
the process of subclinical chronic inflammation (NF-xB, AP-1, cross-talk between
macrophages and adipocytes, increased LPS and Nrf2 pathway). Then, an integrative review
was carried out on the effect of Acai in processes of chronic subclinical inflammation in
humans. The database consulted was PubMed, in which the name of the fruit was crossed
with the descriptors "inflammation™ and "chronic diseases”, prioritizing in vivo and in vitro
studies related to the human species, carried out in the last ten years. It was observed that the
immunomodulatory effects of Acai are increasingly clear, however, are not enough to classify
the fruit as a tool in the treatment and prevention of metabolic diseases. To make possible
more comprehensive inferences, it is necessary that future studies include assessment of the
bioavailability of the bioactive compounds present, in addition to being performed using more
suitable methods, with humans, containing sample size calculation, control group and
placebo.

Keywords: Inflammation; Acai; Chronic diseases; Euterpe oleracea martius.
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Resumen

El tejido adiposo juega un papel importante en la inflamacién cronica y la presencia de
compuestos bioactivos en los alimentos ha sido ampliamente discutida como un medio de
prevencion y tratamiento de diversas afecciones patoldgicas. El objetivo de esta revision es
promover una vision general y dilucidar las vias involucradas en el proceso inflamatorio
cronico desencadenado por la hipertrofia del tejido adiposo y analizar los datos relacionados
con el uso de Acai en la modulacion de la inflamacion. Inicialmente, se realizé una revision
narrativa sobre las vias metabdlicas y moleculares involucradas en el proceso de inflamacion
cronica subclinica (NF-xB, AP-1, didlogo cruzado entre macrdfagos y adipocitos, aumento de
la via LPS y Nrf2). Luego, se realizd una revision integradora sobre el efecto de Acai en los
procesos de inflamacion subclinica cronica en humanos. La base de datos consultada fue
PubMed, en la que se cruzd el nombre de la fruta con los descriptores "inflamacién” y
"enfermedades cronicas", priorizando los estudios in vivo e in vitro relacionados con la
especie humana, realizados en los ultimos diez afios. Se observd que los efectos
inmunomoduladores de Acai son cada vez mas claros, sin embargo, no son suficientes para
clasificar la fruta como una herramienta en el tratamiento y prevencién de enfermedades
metabdlicas. Para hacer inferencias mas completas, es necesario que los estudios futuros
incluyan la evaluacién de la biodisponibilidad de los compuestos bioactivos presentes,
ademas de realizarse utilizando métodos mas adecuados, con humanos, que contengan calculo
del tamafio de la muestra, grupo de control y placebo.

Palabras clave: Inflamacion; Acai; Enfermedades cronicas no transmisibles; Euterpe

oleracea martius.

1. Introduction

Chronic non-communicable diseases (CNCD) are the main causes of death in the
world, and today, in addition to the most common risk factors - excessive alcohol
consumption, smoking, physical inactivity, inadequate eating habits, dyslipidemias and
obesity -, we have studied its relationship with chronic subclinical inflammation (Gomes, et
al., 2016). By promoting harmful stimuli to the organism one can also start the inflammatory
process with several types of response in which there is an increase in vessel permeability, in
blood flow and in the release of inflammatory intermediates by leukocytes (Bezerra &
Oliveira, 2013).

Adipose tissue is considered part of this process of inflammation because it is able to
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release mediators involved in this mechanism and food patterns can influence intensifying -
refined and processed foods - or reducing the secretion of these mediators - in foods rich in
fiber (Wensveen, et al., 2015). In view of these factors, the presence of bioactive compounds
in food and its action in the prevention and treatment of several pathological conditions has
been discussed (Abrah&o, et al., 2010). Such substances can be found in legumes, vegetables,
fruits, herbs, among other foods and play diverse effects on the modulation of the
inflammatory response (Fan, et al., 2015; Serra, et al., 2013).

In order to evaluate the effects of such components on the body, it is possible to
measure both the substances that are considered as inflammatory and those that play an anti-
inflammatory role (Tomé-Carneiro, et al., 2012). The consumption of fruits rich in bioactive
compounds is able to promote the reduction of markers of inflammation, improvement of
lipid profile, increase in insulin sensitivity, reduction of glucose concentrations, and increase
of micronutrient concentrations (Rowe, et al., 2011; Stull, et al., 2010; Udani, et al., 2011,
Weseler, et al., 2011).

In this sense, the study of the functional properties of food accessible to the population
is an important tool so that new forms of prevention and treatment of increasing DCNT are
implemented safely. Therefore, the aim of this review is to promote an overview and elucidate
pathways involved in the chronic inflammatory process triggered by adipose tissue

hypertrophy and to discuss data related to the use of Acai in the modulation of inflammation.

2. Methods

This work is a review divided into two parts. Initially, a narrative review was carried
out on metabolic and molecular pathways involved in the process of subclinical chronic
inflammation (NF-xB, AP-1, cross-talk between macrophages and adipocytes, increased LPS
and Nrf2 pathway) and, when carrying out the research , an illustration was elaborated
interconnecting all these elements (Figure 1), to contextualize the theme.

Then, an integrative review was carried out on the effect of Acai (Euterpe oleracea
Martius) in processes of chronic subclinical inflammation in humans. The database consulted
was PubMed, in which the name of the fruit was crossed with the descriptors "inflammation”
and "chronic diseases", prioritizing in vivo and in vitro studies related to the human species,
carried out in the last ten years (2010 - 2020). The choice of this time frame was made with
the intention of conducting a current research, within the objective of the study.

When performing the initial search, the articles were selected under the following
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inclusion criteria: population (human or human cells), intervention (administration of the
fruits in question), outcome (measurement of parameters related to inflammation and chronic
diseases) and type of study (experimental). Articles that had deficiencies in the
methodological description, that did not contemplate the objective of the study, review

articles and / or carried out in non-human species, were excluded.

3. Discussion

3.1 The influence of the Epidemiological Transition on the appearance of Chronic

Noncommunicable Diseases

The pattern of diseases that affects a population varies according to the season and the
conditions of life (Omran, 2005). These variations are called epidemiological transitions and
throughout the human evolutionary history, they comprise factors responsible for the changes
in the cellular metabolism of the individuals, contributing to the reduction of parasitic and
infectious diseases and favoring the occurrence of chronic conditions (Gotileb, Morassutt &
Cruz, 2011; Miranda, et al., 2014; Souza, 2010).

The epidemiological transition is strongly influenced by the socioeconomic and
demographic profile of the population, including changes in lifestyle and modernization of
customs (Omran, 2005). The breakdown in cellular homeostasis is closely related to changes
in dietary pattern, exercise practice and other daily life habits because when it comes to
chronic diseases, they can be considered to be modifiable risk factors (Malta, et al., 2015;
Silva, et al., 2015).

A study that serves as reference to describe that cell metabolism can undergo lifestyle
changes is the Economic Genotype Theory, described in 1962 by Neel et al. This theory
claims that in the Neolithic period human genetic assemblages that guaranteed less metabolic
expense were necessary, so as to enable the survival for long intervals of food shortage and
consequently the storage of the greatest possible amount of energy which would be spent in a
measured manner (Silveira, et al., 2007). Over time, food inconstancy was replaced by a
higher dietary supply, containing substances of high caloric value coinciding with the increase
of sedentary lifestyle and several changes in lifestyle; all of which favored the positive energy
balance (greater accumulation and lower expenditure), modifying the body's homeostasis and
contributing to the appearance of chronic and metabolic pathological conditions (Barbieri &
Mello, 2012).
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3.2 Hypertrophy of adipose tissue X Subclinical Chronic Inflammation

The positive energetic balance, in turn, is responsible for the hypertrophy of the
adipose tissue and for triggering hypoperfusion by compression of the vessels and,
consequently, the interruption of the adequate supply of oxygen to the tissues (Wood, et al.,
2009). This local hypoxia may lead to death of some adipocytes, in addition to triggering a
cascade of inflammatory response, as well as a process of angiogenesis (Leite, et al., 2009;
Silveira, et al., 2009). This stimulus favors macrophage chemotaxis in white adipose tissue
(TAB) - which differs from the brown adipose tissue (TAM) that works by dissipating energy,
is highly specialized in energy storage and has recognized endocrine and metabolic function -
inducing the production of pro inflammatory drugs (Grenha, et al., 2013; Leite, et al., 2009).

It is understood that the stimulation of hypertrophy in the TAB culminates in the
modification of its cellular composition - a greater presence of CD8 + (cytotoxic) T
lymphocytes, Thl7, among others -, activating the monocytes by alternative paths and
favoring its phenotypic differentiation in profile macrophages proinflammatory activity of the
M1 class (Esser, et al., 2014). In non-hypertrophied adipose tissue, there is a greater
polarization of anti-inflammatory macrophages, class M2, induced by a major composition of
eosinophils, Th2 lymphocytes and regulators (Leite, et al., 2009).

When M1 macrophages are activated, there is an increase in the secretion of
adipocytes (cytokines secreted by adipocytes), such as: Interleukin 1 (IL-1B), Interleukin 6
(IL-6), Resistin), Tumor Necrosis Factor (TNF), among other substances (Godoy-Matos, et
al., 2014). The increase of these substances causes a local inflammation that, when
maintained, plays a crucial role in the triggering of low intensity inflammation at the systemic

and chronic level (Bastos, Rogero & Aréas, 2009).

3.3 Pathways involved in the inflammatory process triggered by adipose tissue
hypertrophy

The inflammatory process begins with the secretion of certain adipokines which in
turn trigger the transcription of genes encoding proteins involved in the inflammatory
response, from the activation of signaling pathways of these factors (Bastos, Rogero & Aréas,
2009). The increase of these adipokines in the TAB, such as TNF and IL-1B, for example,
activate transcription pathways of genes responsible for the amplification of the inflammation

process such as the activator-1 (AP-1) pathway and Jun N-terminal kinase (JNK) (Figure 1)
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(Grenha, et al., 2013).

Figure 1. Inflammatory signaling pathways and the influence of diet on the process of

exacerbation or modulation of response.
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The hypoxia generated by adipose tissue hypertrophy triggers the migration of monocytes and their
differentiation into macrophages of the M1 class, with a pro-inflammatory profile. As a result,
adipocytes secrete proinflammatory cytokines and chemotactic factors, attracting even more
macrophages into its interior. Furthermore, secreted cytokines (TNF-a) cause lipolysis to release fatty
acids, which in turn are recognized by macrophages toll-like receptors 4 (TLR4), stimulating the NF-
kB > CROSS-TALK pathway. Increasing TNF-a also stimulates the AP-1 pathway. The dietary
profile may perpetuate the inflammatory process - by increasing circulating saturated fatty acids
(LFASs) as well as lipopolysaccharides (LPS), which also stimulate inflammatory signaling pathways -
or inhibit them, as well as stimulate the expression of antioxidant response (Nrf2), minimizing the
inflammatory response.

Source: Elaborated by the authors.

Upon contact with its receptor, TNF activates IKK, a kinase protein that promotes
phosphorylation of the complex responsible for inhibiting the action of nuclear transcription
factor kappa B (NF-kB); after phosphorylation. This complex called the kappa B (IKB-a)
nuclear transcription factor inhibitor undergoes ubiquitination and consequent degradation,
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leaving NF-kB free to translocate from the cytosol to the nucleus and activate genes encoding
inflammatory response proteins such as IL-6, IL-2, INF-y and Resistin (Basho & Bin, 2010;
Li, etal., 2011).

Another way of amplifying the inflammatory process is when pro-inflammatory
adipokines react with JNK - a stress-activated kinase protein - that activates AP-1 allowing its
migration to the nucleus and, like NF-kB, makes the signal transduction allowing the coding
of new proinflammatory proteins and enhancing response (Figure 1) (Esser, et al., 2014) The
long-term activation of the immune system is maintained by factors that perpetuate feedback
from this cycle; in addition to producing inflammatory cytokines, hypertrophied adipose
tissue also releases chemostatic factors that attract circulating macrophages into adipocytes,
increasing the infiltrate and hence the response to inflammation (Li, et al., 2011).

This mechanism of feedback is known as the cross-talk between adipocytes and
macrophages that, when attracted to the tissue, in addition to producing proinflammatory
cytokines, still induce the release of fatty acids inside the adipocytes (Barbieri & Mello,
2012). It is known that lipopolysaccharides (LPS), endogenous and dietary fatty acids, also
activate macrophages through Toll-like receptors (TLR-4), thus contributing to the chronicity
of the subclinical inflammation process (Figure 1) (Wensveen, et al., 2015).

As the proinflammatory adipokines are secreted by the TAB and reach the
bloodstream, they come in contact with the other organs that, in response, also secrete
cytokines, increasing the release of mediators of inflammation, generating oxidative stress
and maintaining the inflammatory process and low intensity (Li, et al., 2011). In addition to
the various forms of stimulation to the inflammatory response, diet is a determining factor
(Geraldo & Alfenas, 2008).

In the gut, immune cells are also stimulated when they come in contact with a high fat
diet - trans fatty acids and mostly saturated fatty acids, low-glycemic with low fiber intake,
rich in food additives and poor in anti-inflammatory and antioxidant foods (Basho & Bin,
2010). This dietary profile not only stimulates the innate immune response, but also favors
increased intestinal permeability, which in turn is related to increased circulating LPS and
metabolic endotoxemia (Oliveira & Nunes-Pinheiro, 2013).

Thus, the chronic subclinical inflammation state is basically initiated by molecular
mechanisms of innate immunity and has as a characteristic the elevation of inflammatory
markers and mediators, ranging from the cells of the immune system, as well as the products
of its stimulus - acute phase proteins , cytokines, among others - and may culminate in the

triggering or aggravation of metabolic diseases such as obesity, hypertension, cardiovascular
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diseases, insulin resistance and neuroendocrine (Carvalho, Colago & Fortes, 2006).

The exacerbated and constant expression of proinflammatory cytokines implies a
metabolic and molecular process called chronic subclinical inflammation and can generate or
aggravate several pathological conditions (Soares, et al., 2015; Valente, et al., 2014). Thus,
ways are sought to minimize this response, repair damage and restore body homeostasis, and
in this context, the effect of food on inflammatory mediators is studied (Caballero-Gutiérrez
& Gonzales, 2016; Costa & Duarte, 2006).

In light of this, it is known that certain dietary patterns may exacerbate or minimize
chronic subclinical inflammation and that processed foods, refined cereals, whole milk
products, soft drinks, sweets and oil additives add an atherogenic profile to the diet with high
glycemic load, rich in saturated, trans fatty acids and cholesterol and may favor higher caloric
intake, insulin resistance, cardiovascular diseases, oxidative stress, endothelial lesion and pro-
inflammatory state; whereas a diet richer in complex carbohydrates, fiber, plant protein, mono
and polyunsaturated fatty acids, foods rich in micronutrients and bioactive compounds offer
protection against these factors (Bielmann, et al., 2015).

The presence of bioactive compounds in foods has been widely discussed as a tool for
prevention and treatment of several pathological conditions (Silva, et al., 2015). These
compounds have antioxidant, anti-inflammatory, regulatory capacity and can promote
benefits in the body - neutralization of free radicals, modulation of oxidative stress and
inflammatory response - and among several existing groups are polyphenols, flavonoids,
phytosterols, glucosinolates, carotenoids and isoflavones (Régo, et al., 2011).

This neutralization of free radicals and modulation of the inflammatory response by
dietary polyphenols may occur in several ways, however, one of the most elucidated
mechanisms is the nuclear factor-erythroid 2-related factor-2 (Nrf2) activation pathway
(Nguyen, Nioi & Pickett, 2009). Nrf2 is a nuclear transcription factor that induces the
expression of antioxidant genes and, under basal conditions, is associated with a protein
called Kelch-like ECH-associated protein 1 (Keapl), which prevents its translocation to the
nucleus and facilitates their degradation by ubiquitination (Ma, 2013). In stress situations, the
Sestrin 2 (Sesn2) protein induces degradation of Keapl - also degraded by dietary
polyphenols - releasing Nrf2, which is phosphorylated and translocate to the nucleus, where it
interacts with the antioxidant response element (AER) inducing the expression of antioxidant
genes that directly contribute to the reduction of oxidative stress and indirectly promote the
suppression of the NF-xB and AP-1 pathways, reducing pro-inflammatory signaling and
stimulating the anti-inflammatory response (Albertoni & Schor, 2015; Barbosa, et al., 2016;
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Souza, et al., 2010).

3.4 Acai (Brazilian typical fruit) in the modulation of the inflammatory process

Acai is a Brazilian typical fruit, rich in unsaturated fatty acids (Minighin, et al., 2020)
and anthocyanins - the largest group of water-soluble pigments in the vegetable kingdom
(Oliveira, Costa & Rocha, 2015). The anthocyanins are responsible for a variety of attractive
colors of fruits, flowers and leaves, which can vary from red to blue, altering according to the
pH of the environment in which they are found (Costa, et al., 2015; Markasis, 1982).

In food, these substances prevent auto-oxidation as well as lipid peroxidation and, in
plants, they protect against the action of light and still participate in defense mechanisms and
biological functions (Lopes, et al., 2007; Sena, et al., 2015). In the human body, they can act
as free radical scavengers and heavy metals, thus preventing the propagation of the
inflammatory and oxidative process (Lopes, et al., 2007; Reginato, Silva & Bauermann, 2015;
Sena, et al., 2015).

Vizzotto (2012) describes in his study that the therapeutic effects of anthocyanins in
promoting human health are more frequent when source foods are consumed in their entire
form. This can occur because when isolating an active principle, the synergistic effect
between the components of the whole food is lost (Markasis, 1982; Oliveira & Bastos, 2011).
When combined with other components, phenolic compounds become less susceptible to
interferences caused by digestive processes, such as altered pH and the action of digestive
enzymes, and this promotes an increase in the average life and bioavailability of the same,
allowing them to act on the different tissues , promoting benefits (Markasis, 1982; Oliveira &
Bastos, 2011).

The same context that relates the antioxidant effect of foods to their anthocyanin
content was addressed in the review by Cardoso, Leite & Peluzio (2011), which brought
together in vitro and in vivo studies conducted from 2006 to 2010 and highlighted the
capacity that anthocyanins have to reduce the risk factors for CNCD, by contributing to the
reduction of oxidative stress and inflammatory processes.

Supporting the existing literature, in the study by Portinho, Zimmermann & Bruck
(2012), antioxidant, anti-inflammatory, immunomodulatory, hypolipidemic, hypoglycemic,
anti-carcinogenic and anti-aging effects presented after administration of Acai were highly
related to the amount of anthocyanins present in the fruit. As well as the study by Soares et al.

(2015) which emphasized that anthocyanins can promote the neutralization of free radicals,
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besides the suppression of the production of pro-inflammatory interleukins in acute
inflammation processes.

In an in vitro study by Ford et al. (2016) the action of 31 polyphenols extracted from
several foods on the release of pro-inflammatory cytokines by CD4 + T lymphocytes was
evaluated. Cells were treated with several isolated bioactive compounds (resveratrol,
anthocyanins, etc.) and were stimulated with LPS after 5h incubation. Then they incubated for
an additional 19 hours, totaling 24 hours. After the intervention, it was possible to realize that
polyphenols - including those extracted from Acai - were able to minimize the release of pro-
inflammatory cytokines, such as IL-2 and INF-y.

In this same sense, Poulouse et al. (2012) conducted an in vitro study in which
stimulation with 100ng/mL LPS was promoted in four groups of murine BV-2 microglial
cells previously treated with different Acai extracts and all fractions of Acai extract were able
to attenuate inflammation, minimizing the action of TNF-a and NF-kB. It is known that by
minimizing the action of TNF-a and NF-kB on target tissues, the pathways of perpetuating
the inflammatory response are suppressed by reducing the expression of other
proinflammatory cytokines (Akira, Taga & Kishimoto, 1993; Oliboni, Cesarin & Chielle,
2016).

In another in vitro study, Dias et al. (2015) used non-cancerous human colon
myofibroblasts (CCD-18Co) in which antigenic stimulation with LPS was promoted together
with different concentrations of polyphenols from Acai. The results were also favorable in
demonstrating that the polyphenolic extract of Acai minimized intestinal inflammation by
modulating the NF-kB pathway, reducing the expression of genes and cytokines important for
the perpetuation of the inflammatory response.

In humans, Pereira et al. (2015) performed a study with eutrophic and overweight
women and proposed a daily intervention with the ingestion of 200g of frozen Acai pulp for a
period of four weeks. For this, the volunteers were oriented to maintain the lifestyle and
include the Acai in the way they preferred. Anthropometric, biochemical and clinical
variables were measured at baseline and at the end of the intervention. In general, an increase
in PAI-1 (plasminogen activator inhibitor) and EFG (epidermal growth factor), markers of the
inflammatory process related to several pathological conditions, was observed. In the
eutrophic group, the Acai intervention promoted redistribution of body fat, with subcutaneous
reduction and intramuscular and visceral increase. In the overweight group, there was an
improvement in insulin sensitivity, as well as the reduction of PAI-1, body fat and blood

pressure. In this study, overweight women presented better results in relation to inflammation
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and clinical parameters.

Also, in self-controlled intervention with humans, Udani et al. (2011) conducted a
pilot study to evaluate the consumption of 100 g of Acai berry twice a day for four weeks and
volunteers received nutritional guidelines to change lifestyles, avoiding the consumption of
high calorie foods and food additives. At the end of the study a reduction of fasting glucose
and insulin, and improvement of the lipid profile were observed, and, besides that, the
increase of postprandial glucose and of the area on the glucose curve. Although the study has
demonstrated the potential of Acai in the homeostasis of the organism, the researchers made
orientations for changes in the food profile and this may be a bias and that reinforces the need
to further research the benefits of fruits in human health.

As well as the study by Pereira et al. (2015), studies by Barbosa et al. (2016) and Pala
et al. (2017) were performed in a free-living situation and the volunteers were instructed not
to perform any kind of modification in the dietary pattern nor related to the practice of
physical exercise, in an attempt not to promote any interference with the results. After the
four-week intervention with 200 g / day of Acai pulp, Barbosa et al. (2016) noted that the fruit
was able to significantly reduce the production of Reactive Oxygen Species (ROS) in
polymorphonuclear cells, in addition to increasing the total antioxidant capacity and the
activity of the catalase - antioxidant enzyme.

In the study by Pala et al. (2017), before and after the intervention, lipid profile
variables, apolipoproteins and biomarkers of oxidation processes were evaluated. The results
showed that the daily intake of Acai did not modify the concentrations of HDL cholesterol,
triglycerides nor apolipoprotein B (apo B). However, it enabled the increase of the
concentration of apo A-l and the cholesterol-carrying protein ester, indicating an
improvement in the metabolism of HDL cholesterol. Additionally, it significantly reduced
LDL-oxidized concentrations and ROS production by neutrophils

In this sense, Algurashi et al. (2016) conducted a study to evaluate the acute effect of
Acai consumption on markers of cardiovascular diseases in healthy, overweight men. For this,
a randomized, double-blind, controlled study was performed in which endothelial function
was evaluated by the flow mediated dilatation variable (FMD), before and after the
intervention with a smoothie made with Acai and also a control with similar amounts of
micronutrients associated with high fat meals. When comparing the intervention with Acai
smoothie and control smoothie, participants were found to have improved endothelial
function after Acai consumption, indicating their possible cardioprotective effect.

Already in a chronic study by Kim et al. (2018), The consumption of a beverage
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prepared with Acai for a period of 12 weeks was able to reduce the plasma IFN and the
urinary dosage of 8-isoprostane in individuals with Metabolic Syndrome. This result
demonstrates the possible benefits of the fruit in the health conditions that involve
inflammation and oxidative stress. However, there was no significant difference in glycemic
control and lipid profile variables.

Thus, in vivo and in vitro studies have demonstrated the effective ability of Acai to
modulate the inflammatory process strategically, through neutralization of free radicals and
participating of several pathways, including that of NF-kB (Barbosa, et al., 2016). These
effects suggest that Acai has antioxidant and anti-inflammatory action, however, are not
enough to classify the fruit as a tool in the treatment and prevention of metabolic diseases.

4. Conclusions

Based on the articles described in this review, it is possible to see that nutrition plays
an important role modulating the pro-inflammatory and pro-oxidative process of the body.
When this process occurs in a chronic way, it can be related to negative outcomes on health,
aggravating or triggering pathological conditions. Foods rich in bioactive compounds, such as
anthocyanins, can act to release mediators that contribute to the achievement of homeostasis
in the face of these processes.

Regarding the potential positive effects of Acai, it is possible to notice that its
antioxidant and anti-inflammatory action are increasingly clear, especially in in vitro studies.
However, these existing studies are still insufficient to confirm that Acai-based foods and
supplements are capable of exert a therapeutic effect in the prevention and treatment of
chronic diseases.

In order to answer this question, it is necessary further studies, mainly with humans,
with more adequate methods and that allow inferences to be made, such as randomized
clinical trials, with placebo and sample size calculation. Studies that assess the bioavailability
of the bioactive compounds present are also needed. In this way, we can clarify the possible
benefits and harms of this strategy and safely decide on its indication as a conduct in clinical

practice.

13




Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

References

Akira, S., Taga, T., & Kishimoto, T. (1993). Interleukin-6 in biology and medicine. Advances
in immunology. 54, 1-78. https://doi.org/10.1016/s0065-2776(08)60532-5.

Albertoni, G., & Schor, N. (2015). Resveratrol plays important role in protective mechanisms
in renal disease-mini-review. Jornal Brasileiro de Nefrologia. 37(1), 106-114.
https://doi.org/10.5935/0101-2800.20150015.

Alqurashi, R. M., et al. (2016). Consumption of a flavonoid-rich ac, ai meal is associated with
acute improvements in vascular function and a reduction in total oxidative status in healthy
overweight men. The American Journal of Clinical Nutrition. 104(5), 1227-1235.
https://doi.org/10.3945/ajcn.115.128728.

Barbieri, A. F., & Mello R. A. (2012). As causas da obesidade: uma analise sob a perspectiva
materialista historica. Revista da Faculdade de Educacéo Fisica da UNICAMP. 10, 133-153.
https://doi.org/10.20396/conex.v10i1.8637693.

Barbosa, P. O., et al. (2016). Acai (Euterpe oleracea Mart.) pulp dietary intake improves
cellular antioxidant enzymes and biomarkers of serum in healthy women. Nutrition. 32(6):
674-680. https://doi.org/10.1016/j.nut.2015.12.030.

Basho, S. M., & Bin, M. C. (2010). Propriedades dos alimentos funcionais e seu papel na
prevencdo e controle da hipertensdo e diabetes. Interbio. 4(1), 48-58. Recuperado de
https://docplayer.com.br/3691732-Propriedades-dos-alimentos-funcionais-e-seu-papel-na-

prevencao-e-controle-da-hipertensao-e-diabetes.html

Bastos, D. H. M., Rogero, M. M., & Aréas, J. A. G. (2009). Mecanismos de acdo de
compostos bioativos dos alimentos no contexto de processos inflamatérios relacionados a
obesidade. Arquivos Brasileiros de Endocrinologia e Metabologia. 53(5), 646-656.
https://doi.org/10.1590/S0004-27302009000500017.

14




Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

Bezerra, A. P. M., & Oliveira, D. M. (2013). Metabolic syndrome: molecular basis and
reasons for interaction with obesity. Demetra: Food, Nutrition and Health. 8(1), 63-91.
https://doi.org/10.12957/demetra.2013.7989.

Bielemann, R. M., et al. (2015) Consumo de alimentos ultraprocessados e impacto na dieta de
adultos jovens. Revista de Saude Publica. 49, 28. https://doi.org/10.1590/S0034-
8910.2015049005572.

Caballero-Gutiérrez, L., & Gonzaéles, G. F. (2016). Alimentos com efecto anti-inflamatorio.
Acta Médica Peruana. 33(2), 50-64. Recuperado de
http://www.scielo.org.pe/pdf/amp/v33n1/a09v33nl.pdf.

Cardoso, L. M., Leite, J. P. V., & Peluzio, M. C. G. (2011). Efeitos bioldgicos das
antocianinas no processo aterosclerdtico. Revista Colombiana de Ciéncias Quimico
Farmacéuticas. 40(2), 116-138. Recuperado de http://www.scielo.
org.co/pdf/rccqf/v40n1/v40n1a07.pdf.

Carvalho, M. H. C., Colago, A. L., & Fortes, Z. B. (2006). Citocinas, disfuncdo endotelial e
resisténcia a insulina. Arquivos Brasileiros de Endocrinologia e Metabologia. 50(2): 304-312.
https://doi.org/10.1590/S0004-27302006000200016.

Costa, J. V., & Duarte, J. S. (2006). Tecido adiposo e adipocinas. Acta Médica Portuguesa.
19(3): 251-256. Recuperado de http://files.dermatofuncional.webnode.com.br/200000176-
9f931a08d1/adipocinas.pdf.

Costa, Z. G., et al. (2015). Estudo da estabilidade de antocianinas extraidas dos frutos de acai
(Euterpea oleracea Mart.). Blucher Chemical Engineering Proceedings. 1(3), 2177-2182.
https://doi.org/10.5151/chemeng-cobeqic2015-365-33974-260982.

Dias, M. M., et al. (2015). Anti-inflammatory activity of polyphenolics from acai (Euterpe

oleracea Martius) in intestinal myofibroblasts CCD-18Co cells. Food and function. 6(10):
3249-3256. https://doi.org/10.1039/C5FO00278H.

15



http://www.scielo/

Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

Esser, N., S., et al. (2014). Inflammation as a link between obesity, metabolic syndrome and
type 2 diabetes. Diabetes Research and Clinical Practice. 105(2), 141-150.
https://doi.org/10.1016/j.diabres.2014.04.006.

Fan, X., et al. (2015). Trilobatin attenuates the LPS-mediated inflammatory response by
Suppressing the NF-jB signaling pathway. Food chemistry. 166, 609-615.
https://doi.org/10.1016/j.foodchem.2014.06.022.

Ford, C. T., et al. (2016). Identification of (poly)phenol treatments that modulate the release
of pro-inflammatory cytokines by human lymphocytes. The British Journal of Nutrition.
115(10), 1699-710. https://doi.org/10.1017/S0007114516000805.

Geraldo, J. M., & Alfenas, R. C. G. (2008). Papel da dieta na prevencdo e no controle da
inflamacéo cronica — evidéncias. Arquivos Brasileiros de Endocrinologia e Metabologia.
52(6), 951-67. https://doi.org/10.1590/S0004-27302008000600006.

Godoy-Matos, A. F., et al. (2014). Adipocinas: uma visdo geral dos seus efeitos metabolicos.
Revista HUPE. 13, 54-60. doi:10.12957/rhupe.2014.9806.

Gomes, S. F., et al. (2016). What is the role of inflammatory mediators on energy

metabolism?. Inflammation and Cell Signaling. doi: 10.14800/ics.1189.

Gottlieb, M. G. V., Morassutt, A. L., & Cruz, I. B. M. (2011). Transi¢do epidemioldgica,
estresse oxidativo e doencas crbnicas ndo transmissiveis sob uma perspectiva evolutiva.
Scientia Medica. 21 (2), 68-80. Recuperado de
https://pdfs.semanticscholar.org/e7df/bdef27634c15f31ebfa0817098b9ab415942.pdf.

Grenha, A. |, F., et al. (2013). Obesidade e imunodepressdo — factos e nimeros. Arquivos de
Medicina. 27(5), 192-202. Recuperado de http://www.scielo.

mec.pt/pdf/am/v27n5/v27n5a02.pdf.

Kim, H., S. Y., et al. (2018). Acai (Euterpe oleracea Mart.) beverage consumption improves

biomarkers for inflammation but not glucose- or lipid-metabolism in individuals with

16



http://www.scielo/

Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

metabolic syndrome in a randomized, double-blinded, placebo-controlled clinical trial. Food
and function. 20, 9(6), 3097-3103. https://doi.org/10.1039/C8FO00595H.

Leite, L. D., et al. (2009). Obesidade: uma doenca inflamatdria. 2(2), 85-95. Recuperado de
https://edisciplinas.usp.br/pluginfile.php/3995644/mod_resource/content/0/Debate%200besid
ade%205%?20inflamac%CC%A7a%CC%830%20.pdf.

Li, F. Y., etal. (2011). Cross-talk between adipose tissue and vasculature: role of adiponectin.
Acta Physiologica (Oxford, England). 203, 167-80. https://doi.org/10.1111/j.1748-
1716.2010.02216.x.

Lopes, T., M. F., et al. (2007). Antocianinas: uma breve revisdo das caracteristicas estruturais
e da estabilidade. Revista Brasileira de Agrociéncia. 13(3), 291-297. Recuperado de
http://www2.ufpel.edu.br/faem/agrociencia/v13n3/artigo02.pdf.

Ma, Q. (2013). Role of Nrf2 in oxidative stress and Toxicity. Annual Review of
Pharmacology and Toxicology. 53, 401-426. https://doi.org/10.1146/annurev-pharmtox-
011112-140320.

Malta, D. C., et al. (2015). A vigilancia e o monitoramento das principais doengas cronicas
ndo transmissiveis no Brasil - Pesquisa Nacional de Salde, 2013. Revista Brasileira de
Epidemiologia. 18(2), 3-16. https://doi.org/10.1590/1980-5497201500060002.

Markakis, P. (1982). Stability of Anthocyanins in foods. In: Markasis, P. Anthocyanins in
color foods. Academic Press. 163-180. https://doi.org/10.1590/S0101-20612011000300033.

Minighin, E. C. et al. (2020). Acai (Euterpe oleracea) e suas contribuigdes para alcance da
ingestdo diaria aceitavel de acidos graxos essenciais. Research, Society and Development,
9(8),1-26. http://dx.doi.org/10.33448/rsd-v9i8.6116.

Miranda, V. P. N., et al. (2014). Marcadores inflamatdrios na avaliacdo nutricional: relacdo
com parametros antropométricos, composi¢do corporal e niveis de atividade fisica. RASBRAN
- Revista da Associacdo Brasileira de Nutrico. 6, 61-72. Recuperado de

https://www.rasbran.com.br/rasbran/article/view/165.

17




Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

Nguyen, T., Nioi, P., & Pickett, C. B. (2009). The Nrf2-antioxidant response element
signaling pathway and its activation by oxidative stress. Journal of Biological Chemistry.
284(20), 13291-13295. doi: 10.1074/jbc.R900010200.

Oliboni, L., Casarin, J. N., & Chielle, E. O. (2016). Correlacdo entre a concentracéo serica de
IL-6 e biomarcadores de resisténcia insulinica em adultos jovens obesos. Clinical and
Biomedical Research.  36(3), 148-155. Recuperado  de  https://seer.ufrgs.
br/hcpa/article/view/65335.

Oliveira, A. G., Costa, M. C. D.,& Rocha, S. M. B. M. (2015). Beneficios Funcionais do Acai

na Prevencao de Doencas Cardiovasculares. Journal of Amazon Health Science. 1(1), 1-10.

Oliveira, D. M. D., & Bastos, D. H. M. (2011). Biodisponibilidade de &cidos
fenolicos. Quimica  Nova, 34(6), 1051-1056. Recuperado de http://producao.usp
.br/handle/BDP1/12831.

Oliveira, M. L. M., & Nunes-Pinheiro, D. C. S. (2013). Biomarcadores celulares e
moleculares envolvidos na resposta imune-inflamatéria modulada por acidos graxos
insaturados.  Acta  Veterinaria  Brasilica. 7(2), 113-124.  https://doi.org/10.2
1708/avh.2013.7.2.2999.

Omran, A. B. (2005). The epidemiological transition: a theory of the epidemiology of
population change. The Milbank Quarterly. 83 (4), 731-57.

Pala, D., et al. (2017). Acai (Euterpe oleracea Mart.) dietary intake affects plasma lipids,
apolipoproteins, cholesteryl ester transfer to high-density lipoprotein and redox metabolism:
A prospective study in women. Clinical Nutrition. 37(2),618-623.
https://doi.org/10.1016/j.clnu.2017.02.001.

Pereira, I. S., et al. (2015). The consumption of acai pulp changes the concentrations of

plasminogen activator inhibitor-1 and epidermal growth factor (EGF) in apparently healthy
women. Nutricion Hospitalaria. 32(2), 931-945. d0i:10.3305/nh.2015.32.2.9135.

18



https://seer.ufrgs/
http://producao.usp/
https://doi.org/10.2

Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

Portinho, J. A., Zimmermann, L. M., & Bruck, M. R. (2012). Efeitos benéficos do Acai.
International Journal of Nutrology. 5(1), 15-20. doi: 10.1055/s-0040-1701423.

Poulose, S. M., et al. (2012). Anthocyanin-rich acai (Euterpe oleracea Mart.) fruit pulp
fractions attenuate inflammatory stress signaling in mouse brain BV-2 microglial
cells. Journal ~ of  agricultural and  food  chemistry.  60(4),  1084-1093.
https://doi.org/10.1021/jf203989k.

Reginato, F. Z., Silva, A. R. H., & Bauermann, L. F. (2015). Avaliacdo do uso de flavonoides
no tratamento da inflamacdo. Revista Cubana de Farmacia. 49(3), 569-582. Recuperado de

https://www.medigraphic.com/pdfs/revcubfar/rcf-2015/rcf153p.pdf.

Régo Junior, N. O., L. G., et al. (2011). Compostos bioativos e atividade antioxidante de
extratos brutos de espécies vegetais da caatinga. Brazilian Journal of Food Technology.
14(1), 50-57. doi: 10.4260/BJFT2011140100007.

Rowe, C. A., et al. (2011). Regular consumption of concord grape juice benefits human
immunity. Journal of Medicinal Food. 14(1-2), 69-78. https://doi.org/10.1089/jmf.2010.0055.

Sena, D. N., et al. (2015). Farinha de residuos de processamento de frutas tropicais:
determinacdo dos seus potenciais antioxidante. Blucher Chemical Engineering Proceedings.
1(2), 4856-4861. doi: 10.5151/chemeng-cobeq2014-1671-18131-183203.

Serra, D., et al. (2013). Cyanidin-3-Glucoside suppresses cytokine-induced inflammatory
response in human intestinal cells: comparison with 5-aminosalicylic acid. Plos one 9(8), 1-9.
https://doi.org/10.1371/journal.pone.0073001.

Silva, J. V. F., et al. (2015). A relacdo entre o envelhecimento populacional e as doencas
crbnicas ndo transmissiveis: sério desafio de salde publica. Ciéncias Bioldgicas e da Saude.
2(3), 91-100. Recuperado de https://periodicos.set.edu.br/index.php/fitsbiosaude
larticle/view/2079/1268.

19



https://periodicos.set.edu.br/index.php/fitsbiosaude

Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

Silveira, M. R., et al. (2009). Correlacdo entre obesidade, adipocinas e sistema imunoldgico.
Revista Brasileira de Cineantropomometria e Desempenho Humano. 11(4), 466-472.
https://periodicos.ufsc.br/index.php/rbcdh/article/viewFile/1980-0037.2009v11n4p466/16524.

Silveira, P. P., et al. (2007). Developmental origins of health and diseases (DOHaD). Jornal
de Pediatria. 83(6), 494-504. Recuperado de https://www.scielo.
br/pdf/jped/v83n6/v83n6a04.pdf.

Soares, E. R., et al. (2015). Compostos bioativos em alimentos, estresse oxidativo e
inflamag&o: uma visdo molecular da nutricdo. Revista Hospital Universitario Pedro Ernesto.
14(3), 64-72. https://doi.org/10.12957/rhupe.2015.19942.

Souza, E. B. (2010) Transicdo nutricional no Brasil: analise dos principais fatores. 2010.
Cadernos UniFOA. 13, 49-53. Recuperado de http://web.unifoa.edu.br/cadernos/
edicao/13/49.pdf.

Souza, M. O., et al. (2010). Diet supplementation with acai (Euterpe oleracea Mart.) pulp
improves biomarkers of oxidative stress and the serum lipid profile in rats. Nutrition. 26(7),
804-810. https://doi.org/10.1016/j.nut.2009.09.007.

Stull, A. J., et al. (2010). Bioactives in blueberries improve insulin sensitivity in obese,
insulin-resistant men and women. Journal of Nutrition. 140 (10),1764-8.
https://doi.org/10.3945/jn.110.125336.

Tomé-Carneiro, J., et al. (2012). One-year consumption of a grape nutraceutical containing
resveratrol improves the inflammatory and fibrinolytic status of patients in primary
prevention of cardiovascular disease. The American Journal of cardiology. 110 (3), 356-363.
https://doi.org/10.1016/j.amjcard.2012.03.030.

Udani, J. K., et al. (2011). Effects of Acai (Euterpe oleracea Mart.) berry preparation on

metabolic parameters in a healthy overweight population: a pilot study. Nutrition Journal.
10(45),1-7. Recuperado de http://www.nutritionj.com/content/10/1/45.

20



https://www.scielo/
http://web.unifoa.edu.br/cadernos/

Research, Society and Development, v. 9, n. 9, €62996813, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i9.6813

Valente, M. A. S., et al. (2014). Nutrigendmica/nutrigenética na elucidacdo das doencas
cronicas. HU Revista. 40(3), 239-248. https://periodicos.ufjf.br/index
.php/hurevista/article/view/2479.

Vizzoto, M. (2012). Propriedades funcionais das pequenas frutas. Informe Agropecuario.
33(268), 84-88. Recuperado de https://ainfo.cnptia.embrapa.br/digital/
bitstream/item/69753/1/Marcia-Vizzotto-p84-88.pdf.

Wensveen, F. M. S,, et al. (2015). The “Big Bang” in obese fat: events initiating obesity-
induced adipose tissue inflammation. Europian Journal of Immunology. 45(9), 2446-56.
https://doi.org/10.1002/eji.201545502.

Weseler, A. R, et al. (2011). Pleiotropic benefit of monomeric and oligomeric flavanols on
vascular health--a randomized controlled clinical pilot study. Plos One. 6(12), e28460.

Wood, I. S., et al. (2009). Cellular hypoxia and adipose tissue dysfunction in obesity. The
Proceedings of Nutrition Society. 68(4), 370-377.
https://doi.org/10.1017/S0029665109990206.

Percentage of contribution of each author in the manuscript
Tamires Céssia de Melo Souza — 75%
Gabriel Vitor de Melo Souza — 10%
Ana Carolina Pinheiro Volp — 15%

21



https://periodicos.ufjf.br/index
https://ainfo.cnptia.embrapa.br/digital/

