UNIVERSITA POLITECNICA DELLE MARCHE
Repository ISTITUZIONALE

The efficacy of berries against lipopolysaccharide-induced inflammation: A review

This is the peer reviewd version of the followng article:

Original

The efficacy of berries against lipopolysaccharide-induced inflammation: A review / Gasparrini, M.; Forbes-
Hernandez, T. Y.; Cianciosi, D.; Quiles, J. L.; Mezzetti, B.; Xiao, J.; Giampieri, F.; Battino, M.. - In: TRENDS IN
FOOD SCIENCE & TECHNOLOGY. - ISSN 0924-2244. - ELETTRONICO. - 117:(2021), pp. 74-91.
[10.1016/j.tifs.2021.01.015]

Availability:
This version is available at: 11566/286973 since: 2024-03-26T15:51:50Z

Publisher:

Published
DOI:10.1016/j.tifs.2021.01.015

Terms of use:

The terms and conditions for the reuse of this version of the manuscript are specified in the publishing policy. The use of
copyrighted works requires the consent of the rights’ holder (author or publisher). Works made available under a Creative Commons
license or a Publisher's custom-made license can be used according to the terms and conditions contained therein. See editor’s
website for further information and terms and conditions.

This item was downloaded from IRIS Universita Politecnica delle Marche (https://iris.univpm.it). When citing, please refer to the
published version.

(Article begins on next page)

19 November 2024




10
11
12
13
14
15
16
17
18
19
20
21

22

23

24

25

26

27
28

29

30

31

The efficacy of berries against lipopolysaccharide-induced inflammation: a review

Massimiliano Gasparrini'*®, Tamara Y. Forbes-Hernandez?#, Danila Cianciosi®, José L. Quiles®,

Bruno Mezzetti*, Jianbo Xiao®, Francesca Giampieri*®"", Maurizio Battino*®"

! Department of Clinical Sciences, Polytechnic University of Marche, Ancona, 60131, Ancona.

2 Nutrition and Food Science Group, Department of Analytical and Food Chemistry, CITACA,
CACTI, University of Vigo - Vigo, Spain.
8 Department of Physiology, Institute of Nutrition and Food Technology “Jose Mataix”, Biomedical

Research Center, University of Granada, Granada, 18000, Spain.

4 Department of Agricultural, Food and Environmental Sciences, Polytechnic University of Marche,
Ancona, 60131, Ancona.

5 State Key Laboratory of Quality Research in Chinese Medicine, Institute of Chinese Medical
Sciences, University of Macau, Taipa, Macau, China.

6 Department of Biochemistry, Faculty of Sciences, King Abdulaziz University, Jeddah, Saudi
Arabia.

7 College of Food Science and Technology, Northwest University, Xi’an, Shaanxi 710069, China.

8 International Research Center for Food Nutrition and Safety, Jiangsu University, Zhenjiang
212013, China.

#These authors have equally contributed.

Corresponding authors: Prof. Maurizio Battino and Dr Francesca Giampieri.

° Current address: Department of Agricultural, Food and Environmental Sciences, Polytechnic
University of Marche, Ancona, 60131, Ancona.



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

ABSTRACT

Background: an increasing number of epidemiological studies highlights a remarkable association
between a diet rich in fruits and vegetables and a lower incidence of different inflammatory-related
pathologies. Berries represent an interesting source of phytochemicals and nutrients, widely
investigated for their role in health promotion and disease prevention.

Scope and approach: the aim of this review was to summarize and update the effect of different
berry extracts, their fractions and single bioactive compounds against the inflammatory status
promoted by the Gram-negative bacteria endotoxin lipopolysaccharide (LPS). The main molecular
mechanisms involved have been elucidated, focusing particular attention on the biological response
evoked in different in vitro and in vivo models.

Key Findings and Cocnlusions: the inhibition of inflammatory response mediated by MAPK and
NF-kB is the main molecular pathway involved in berries anti-inflammatory role, expecially in
grape and blueberry which represent the main investigated fruits, improving antioxidant defence

and exerting beneficial effects in the maintenance of healthy conditions in LPS-treated models.

KEYWORDS

Berries, LPS, anti-inflammatory effects, antioxidant role
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1. INTRODUCTION

An increasing number of epidemiological studies highlights a remarkable association between a diet
rich in fruits and vegetables and a lower incidence of different chronic pathologies, such as obesity,
infections, cancer, cardiovascular and neurodegenerative diseases, in which a sustained pro
inflammatory state is the major contributing factor to their development, progression and
complication (Joseph et al., 2014). Focusing on fruits, it is quite complex to explain their potential
health benefits, given their wide variety available for consumption and their complex composition.
For these reasons, in recent decades, individual subgroups of fruits have been taken into account, in
order to facilitate the observation and promote their specific health benefits. Among these, berries
represent the richest fruits in natural compounds, including minerals, vitamins, dietary fibers and
polyphenolic phytochemicals. In the last few years, these compounds have attracted considerable
attention due to their antioxidant properties, potential in health promotion and disease prevention,
thus improving safety and consumer acceptability (Alvarez-Suarez et al., 2014; Forbes-Hernandez
et al., 2016; Muceniece et al., 2019). In addition, edible berries may represent a potential important
contribution to the intake of fresh fruit for the populations in countries where, as declared by World
Health Organization, there is a limited availability of fruits and vegetables, as in northern latitudes
(Bazzano, 2005). For this reason, in this review we have summarized the latest 10 years
developments on the activities of berries from in vitro (Table 1) and in vivo (Table 2) studies, on
animal and humans, against the inflammatory status and its main related pathologies, with particular

attention on lipopolysaccharide (LPS) as inflammatory agent-(Fable-1}. The research of the article

has been performed using the database PubMed, and typing as keywords “type of berry (i.e.

strawberry) and Ips”. Only the studies from 2011 to 2020 has been collected and reported in the

manuscript.

1.1. OXIDATIVE STRESS AND INFLAMMATION
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In physiological conditions, inflammation is the common, protective and temporary response of the
innate immune system to pathogens and injury stimuli (Joseph et al., 2014). On the contrary, the
interaction of the cellular immune system with endogenous or exogenous antigens results in the
generation of reactive oxygen species (ROS) and reactive nitrogen species (RNS), leading to
signalling cascades that can result in hyperactivation of inflammatory responses, inducing tissue
damage and oxidative stress phenomena, which represent the main contributing factors to the
development, progression and complication of the most known diseases. Quantifiable inflammatory
responses are characterized by the production of cytokines, which act as signals between immune
cells to coordinate the inflammatory response, and they can play a pro- inflammatory role, such as
interleukin (IL)-1pB, IL-6 and tumour necrosis factor-a (TNF-o) or anti- inflammatory role, like IL-
10 (Joseph et al., 2014). The central orchestrator of the inflammatory response is nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB), a redox-sensitive transcription factor,
responsible of cytokine and other inflammatory molecules production (Joseph et al., 2014). Other
important mediators of inflammation include pattern recognition receptors such as Toll-like
receptors (TLR) and kinases, such as mitogen-activated protein kinase (MAPK).

Inflammation can be elicited by different stimuli, such as endotoxins (i.e., LPS from bacteria),
changes in ROS levels, viruses, fatty acids, cellular redox status, cytokines, growth factors and
carcinogens (Giampieri et al., 2018). The LPS molecule in particular is essential for the viability of
most Gram-negative bacteria, exerting a crucial role in the outer-membrane integrity as a
permeability barrier, protecting bacteria from toxic molecules, bile salts and lipophilic antibiotics
which can be found in several sources, including foods, infections and commensal microbiota
(Mayer et al., 1985). In human body, the main source of LPS is the gut. Even if LPS has a strong
affinity for chylomicrons and is able to cross easily the gastrointestinal mucosa, under physiological
conditions, the intestinal epithelium defends itself from LPS translocation. The absorption of LPS
through the intestinal barrier seems to be enhanced by an high-fat diet: dietary fats in fact deeply

increase LPS absorption through the modification of the gut microbiota, raising the amount of
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chylomicrons and increasing the permeability of the gastrointestinal mucosa (Manco et al., 2010).
In this context, LPS can be considered an important factor directly involved in the onset of obesity
induced by a rich-fat diet and type 2 diabetes, as showed in many studies performed on animal
models (Laugerette et al., 2012; Mani et al., 2013) and human subjects (Pendyala et al., 2012, Harte
et al., 2012). For all these reasons, the modulation of the inflammatory response by potential food
components may represent a strategic tool to avoid immune disorders and maintain health and

wellness (Giampieri et al., 2018).

2. BERRIES

Berries are a common worldwide functional fruit and represent a relevant source of micronutrients
and nonessential phytochemicals, especially polyphenols (Prasain, et al., 2020; Agudelo et al.,
2019; Afrin et al., 2016; Mazzoni et al., 2016). In recent decades, berry phenolics have attracted
considerable attention and have been subjected to extensive research due to their antioxidant
properties, their ability to detoxify reactive oxygen and nitrogen species, blocking their production,

and to repair oxidative DNA damage. Interesting results were also obtained in in counteracting

neurodegenerative diseases: dietary intakes of berries were demonstrated to improve memory,

protecting the brain against cognitive loss (Morris et al., 2015). All these effects play a synergistic

and cumulative role in human health promotion and disease prevention, thus improving safety and
consumer acceptability (Afrin et al., 2016; Mazzoni et al., 2016). For these reasons, the
improvement of the nutritional quality of berries has become an innovative quality target of
breeding and biotechnological strategies, with the aim to control or increase the content of potential

health-related compounds in fruits (Mazzoni et al., 2016).

2.1. BIOACTIVE COMPOUNDS AND ANTIOXIDANT CAPACITY OF BERRIES
A diet rich in antioxidant compounds derived from fruits and vegetables, such as the Mediterranean

one, can strongly influence the susceptibility to oxidative stress, counteracting the reduction of
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antioxidant protection that occurs during pathological conditions. Berries, an important fruit in the
Mediterranean diet, are among the richest fruits in nutritive compounds, which possess strong
antioxidant and anti-inflammatory effects that may reduce sensitivity to oxidative stress (Battino et
al., 2019). These fruits are particularly rich in phenolic acids, benzoic acid and derivatives of
cinnamic acid, stilbenes, lignans, flavonoids (including anthocyanins), flavonols and flavanols,
condensed tannins and hydrolyzable tannins, vitamins, folate, alkaloids, carotenoids, xanthones and
polysaccharide (Afrin et al., 2016). The distribution and the type of these different compounds are
affected by different factors, including genetic and environmental factors, chemical structures,
degree of oxidation and substitution patterns of hydroxylation, abilities to exist as stereoisomers,
glycosylation by sugar moieties and other substituents and conjugation to form polymeric
molecules (Seeram, 2006). The comprehension of the link between the antioxidant capacity of
individual components and the bioactivities of different berries may address the biotechnological

improvement of new berry varieties.

2.2. BIOAVAILABILITY AND METABOLITES OF BERRIES

Taking into account the bioavailability of berries bioactive compounds, it is interesting to underline
that phenolic compounds of berry are able to survive to digestion in the upper digestive tract and
reach different parts of the proximal and distal colon in substantial dose (Wiczkowski et al., 2010).
The bioavailability of anthocyanins is very poor and only trace levels can be identified in plasma
and urine after absorption and excretion (Felgines et al., 2003). Dietary ellagitannins are hydrolyzed
to yield ellagic acid, which is consequently metabolized by colon bacteria to various urolithins, in
the distal part of the small intestine and in the colon (Del Rio et al., 2013). Finally, dietary
antioxidants, like vitamin C and E and few carotenoids are absorbed in the upper segments of the

intestine (Scalbert & Williamson, 2000).
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3. BIOLOGICAL ACTIVITIES OF BERRIES AGAINST LPS-INDUCED STRESS: IN
VITRO AND IN VIVO STUDIES

An increase number of evidences has been focused on determining the possible mechanisms for
counteracting the LPS-mediated inflammatory response. Different in vitro and in vivo models have
assessed the efficacy of the whole berry extracts, fractionated berry extracts, single bioactive

compounds or purified/commercial berries on different LPS-inflammatory models (Table 1).

3.1. ELDERBERRY

Elderberry (Sambucus spp.) is a widespread species of the Caprifoliaceae family, which are widely
grown in Europe, Asia, North Africa and North America. Elderberry cultivars contain high
concentrations of anthocyanins and flavonoids, which exhibit antioxidant, cardioprotective,
anticarcinogenic, anti-inflammatory, immunomodulating activity, anti-diabetic, antibacterial,
antiallergic and antiviral properties (Walker et al., 2013; Simonyi et al., 2015).

The phenolic compounds and ethanolic extracts from elderberry pomace showed high
antioxidant and anti-inflammatory responses in human gingival fibroblasts (HGF-1) and human U-
937 monocytes, where the pro-inflammatory cytokines, IL-6, IL-8, the matrix metalloproteinases-2
(MMP-2) and MMP-9 were inhibited by methanolic extracts treatment (Walker et al., 2013). In
macrophges obtained from BALB/c mice intraperitoneally injected with 20 mg LPS, methanolic
elderberry extract reduced NO production (Carneiro et al., 2019), while the ethanol crude extracts
from elderberry and the isolated anthocyanins and procyanidins fractions showed strong
complement fixating activity and strong inhibitory activity on NO production in LPS-activated

RAW cells and murine dendritic D2SC/I cells (Ho et al., 2017).

3.2. WOLFBERRY OR GOJI BERRY
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The fruit of Lycium barbarum L. (Solanaceae), usually known as wolfberry or Goji berry, is an
important herbal medicine as well as tonic, used widely in East Asia, with increasingly popularity in
Europe and North America. Lycium barbarum polysaccharides (LBP) is one of the major
ingredients responsible for different biological activities (Teng et al., 2013; Huang et al., 2019).

LBP showed neuroprotective effects against LPS-induced inflammatory injury in mouse
microglial cells, by reducing the levels of caspase 3, TNF-o. and heat shock protein (HSP) 60
through the inhibition of NF-kB pathway (Teng et al., 2013). Similarly, neuroprotective effects
have been demonstrated in a rat model of sepsis, where LBP attenuated inflammation injury in the
kidney via the possible regulation of Keapl-Nrf2/ARE signalling (Huang et al., 2019; Wu et al.,
2020). The protective effects and potential molecular mechanisms of LBP against LPS-induced
acute respiratory distress syndrome were also detected in mice and in human pulmonary
microvascular endothelial cells, through a reduction in lung inflammation and pulmonary edema in
vivo, significantly reversing the LPS-induced decrease in cell viability, increase in apoptosis and
oxidative stress in vitro (Chen et al., 2018).

The inhibitory effects of L. ruthenicum polysaccharide were investigated on pro-
inflammatory mediators in LPS stimulated RAW264.7 macrophages (Peng et al., 2014). The extract
significantly inhibited the production of NO, TNF-a and IL-6 and reduced the expression of
inducible nitric oxide synthase (iNOS), through the inhibition of TLR-4/NF-xB signaling pathways
(Peng et al., 2014). Similar results were obtained with Lycium fruit water extract, in which the anti-
inflammatory mechanisms were accomplished by the inhibition of ERK1/2, p38 and JINK MAPKs
phosphorylation as well as the suppression of nuclear factor of kappa light polypeptide gene
enhancer in B-cells inhibitor, alpha (IxBa) degradation and NF-xB upon LPS stimulation (Oh et al.,

2012).

3.3. ACAIBERRY
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Acai (Euterpe oleracea Mart.), one of the most economically significant palm species in the
Brazilian Amazon, has widely attracted the attention of the researchers for its nutritional and
phytochemical composition. Anthocyanin-rich agai pulp fractions have been examined for their
protective effect on LPS-induced oxidative stress and inflammation in BV-2 mouse microglial cells,
highlighting a downregulation of the expression of iINOS, cyclooxygenase (COX) 2, p38-MAPK,
TNF-o and NF-xB in a concentration-dependent manner (Pouolose et al., 2012). Likewise, Acai
polyphenols prevented LPS-induced generation of ROS, mRNA and of pro-inflammatory genes
expression in human vascular endothelial cells (HUVEC) and in colon myofibroblasts CCD-18Co
cells (Noratto et al., 2011; Dias et al., 2015). Similar results were found in an immortalized rat
astrocyte cell line, where Agai extracts down-regulated LPS-induced NF-kB signalling and up-

regulated the Nrf2/ARE activities (Ajit, et al., 2016).

3.4. EMBLIC

Emblic fruit (Phyllanthus emblica L.), known as amla, represents a potential functional food due to
its numerous pharmacological applications, with hydrolyzable tannins and flavonoids that represent
the major bioactive compounds. It is commonly used in the Indian traditional Ayurvedic and unani
medicine literature (Rao et al., 2013). The effects of amla fruit extract have been investigated in
LPS-treated RAW macrophages, amla fruit extract powder decreased ROS production and reduced
NF-kB, iNOS and COX-2 expressions (Sato et al., 2018; Wang et al., 2019). Similarly, the in vivo
anti-inflammatory effects of this berry were tested in a LPS-induced endotoxaemia rat model, in
which oral administration of the amla extract remarkably decreased the serum levels of pro-

inflammatory TNF-a and IL-6 cytokines (Rao et al., 2013).

3.5. LINGONBERRY
Lingonberries (Vaccinium vitis-idaea L.), native to Scandinavia, Alaska and Canada, possess a

complex polyphenolic profile consisting principally of a mixture of flavan-3-ols and
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proanthocyanidins with remarkably antioxidant, antimicrobial, antiadhesive, and anti-inflammatory
effects (Kylli et al., 2011; Afrin et al., 2016). Lingonberries crude extract and its proanthocyanidins-
rich phenolic fraction showed protective effects against LPS-induced inflammation in RAW 264.7
(Grace et al., 2014, Esposito et al., 2019) and J774 macrophages (Kylli et al., 2011), through the
reduction of NO production and COX-2, iNOS and pro-inflammatory cytokine expressions (Grace
et al., 2014, Esposito et al., 2019). Similar results were also obtained in LPS-induced astrocytic
damage, where lingonberry extract exerted a glioprotective effect through an anti-oxidative
mechanism in both reversal and prevention models, attenuating ROS, nitrite levels and
acetylcholinesterase activity and increasing cellular viability, thiol content and SOD activity,
corroborating the historic use of this berry as medicinally important foods mainly in Alaska Native
communities (Pacheco et al., 2018).

3.6. CHOKEBERRY

Chokeberries (Aronia melanocarpa L.) have attracted substantial attention thank to their high
polyphenolic content, including procyanidins, anthocyanins and phenolic acids. Appel et al. (2015)
investigated the role of polyphenol-rich chokeberry juice concentrate in LPS-treated human primary
monocytes isolated from peripheral blood and RAW264.7 macrophages. The obtained results
indicated that chokeberry extract significantly inhibited the release of TNF-o, IL-6 and IL-8 in
human monocytes and the activation of the NF-xB pathway in macrophages. Similar results were
recently obtained in LPS-treated BV2 cells and in mice received a single intraperitoneal injection of
LPS, where black chokeberry ethanolic extract significantly reduced tissue damage in the
hippocampus by downregulating iNOS, COX-2 and TNF-a levels, highlighting its protective and

anti-inflammatory role against LPS-induced stress (Lee et al., 2018).

3.7. SEABUCKTHORN
Seabuckthorn (Hippophae rhamnoides L.) is a high-altitude medicinal plant used for a long history

in Tibetan folk medicine (Du et al., 2017) with a large number of nutrients, phytochemicals, and
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bioactive substances like vitamin C. Only one study investigated the anti-inflammatory role of this
berry in stress condition, highlighting significant protection against LPS-induced acute lung injury
in mice treated with seabuckthorn berries paste, through maintaining redox homeostasis, with a

mechanism involving Nrf2 nuclear translocation and activation (Du et al., 2017).

3.8. GRAPE

Grapes (Vitis vinifera L.) represent one of the most popular and consumed berries in the world.
They are particularly rich in phytochemicals, mainly phenolic acids, stilbenes (resveratrol),
anthocyanins, and proanthocyanidins with remarkable antioxidant and anti-inflammatory properties
(Zunino et al., 2014; Afrin et al., 2016). The efficacy of grape, and its different fraction/extract,
against LPS-induced stress has been widely investigated in different in vitro and in vivo models.
Grape seeds procyanidins extract (GSPE) efficiently counteracted the LPS-induced inflammatory
stress in RAW macrophages reducing (i) pro-inflammatory cytokines expression, (ii) NO
production and (iii) NF-kB and MAPK signalling pathway activation (Bak et al., 2013; Perez et al.,
2015).

In macrophages and microglia cells, GSPE showed protective effect against LPS-promoted stress,
reducing the LPS-induced TLR-4 activation (Kim et al., 2018). Similar results were obtained in
LPS-treated rat hepatic stellate cell line and human ovarian cancer cells, in which GSPE reduced the
activation of protein kinase B (AKT)/NF-kB and MAPK/ERK pathways, induced by LPS (Zhao et
al., 2013; Jiang et al., 2017). Finally, in rats treated with various doses of GSPE the LPS-induced
inflammation was efficiently reduced by inhibiting iNOS expression and inflammatory cytokines
production, also preventing endotoxin-induced-intestinal inflammation (Pallares et al., 2013; Gil-
Cardoso et al., 2019).

Additionally, interesting results were found with grape skin (GSE), grapefruit (GE), grape pomace
(GPCE) and grape powder (GPE) extracts. GSE, GE and GPCE efficiently counteracted the

inflammation in LPS-treated microglia cells, decreasing inflammatory cytokine levels (Pistol et al.,
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2018); in addition GSE exerted protective effect also in human primary monocytes, reducing LPS-
stimulated tissue factor synthesis and fibrin formation in blood cells (Milella et al., 2012). In
Sprague-Dawley rats, red and white GE efficiently counteracted the LPS-induced inflammation
through the inhibition of liver NF-kB, iNOS and COX-2 expression (Nishiumi et al., 2012),

attenuating the increase in serum secretory phospholipase A2 activity and the decrease in

haematocrit level (Tsao et al., 2012).

{Overman-et-al;-2010)-Similarresults-were-obtained-in_In a mouse model of inflammation, where

GPE suppressed the steady-state low levels of LPS-mediated inflammatory signalling, modulating

NF-kB activity and cytokines production (Miller et al., 2018). On the contrary, in LPS-activated
peripheral blood mononuclear cells from obese male and female volunteers, GPE increased the
level of IL-1B and IL-6, suggesting that the grape consumption increased the sensitivity of the
monocyte population to bacterial challenges. The increased sensitivity may represent an important
tool by which fruit consumption could be beneficial to obese individuals which are particularly
exposed to infection risks (Zunino et al., 2014).

Polyphenol fraction from grape and red wine also possessed interesting effect against LPS-induced
inflammation. As showed by Rodriguez-Morgado et al. (2015) and Nicod et al. (2014) these
fractions exhibited anti-inflammatory activities in microglia cells and human intestinal cells,
significantly reducing the level of inflammatory cytokines in both cellular models.

Additionally, different studies investigated the role of single compound extracted from grape
against LPS-induced inflammatory conditions. Among these, resveratrol, a natural polyphenol
present in grape, red wines and contained in various food components, exhibits pleiotropic effects,
being recognised as one of the most promising natural molecules in the prevention and treatment of

chronic inflammatory disease (Panaro et al., 2012). In human chondrocytes resveratrol exerted its



315

317

318

319

320

321

322

323

24

25

26

327

328

329

330

331

332

333

B34

335

B36

B37

B38

339

340

anti-inflammatory effects through the inhibition of different inflammatory mediators, such as
prostaglandin E2 (PGE2), MMP and COX-2 (Wang et al., 2011). In a cortical network created with
neurons and astrocytes, resveratrol treatment counteracted LPS-induced inflammation, reducing
cytokine and iNOS production, thus suggesting a therapeutic potential for this compound in
neurodegenerative diseases accompanied by microglial activation (Gullo et al., 2017). Similar
results were obtained in LPS-treated Caco2 and human colon adenocarcinoma cell lines: in this case
resveratrol significantly attenuated several components of the intestinal cells’ response to pro-

inflammatory stimuli (NO production and iNOS and TLR-4 expressions), underlying its potential

therapeutic effect in the treatment of inflammatory bowel diseases (Panaro et al., 2012).

male-mice{Kubeta—etal—2009)—Alse-in rabbit treated with LPS, resveratrol injection efficiently

counteracted the development of inflammatory arthritis, through the reduction of PGE2, MMP-3,

and MMP-13 expressions (Wang et al., 2011).

3.9. POMEGRANATE

Pomegranate (Punica granatum L.) is commercially cultivated in the Mediterranean region, the
drier regions of Southeast Asia and the United States. It is a polyphenol-rich fruit with potential
anti-inflammatory and antioxidant properties with antitumor, antibacterial, antifungal and antiulcer

potentials (Kumar-Reiné—et—ak—2009;:—Mastrogiovanni et al., 2019). Pomegranate exerted also

beneficial role in a wide range of conditions where inflammation is believed to play an essential

—Polyphenols present in
the fruit, in the peel or in the husk extract of pomegranate, showed alse—anti-inflammatory
properties in RAW macrophages and in colon CCD-18Co myofibroblastic cells, in Caco-2 cells and

also in ex vivo porcine colonic tissue explants, by modulating inflammatory pathways and reducing
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the pro-inflammatory gene transcription and protein levels (Du et al., 2019), indicating their
potential use in the treatment of inflammatory colitis disease and in the prevention of intestinal
chronic inflammation (Kim et al., 2017a; Hollebeeck et al., 2012; Mastrogiovanni et al., 2019; Zhao
et al., 2019). Polyphenol rich pomegranate extract efficiently counteracted also the LPS-induced
pancreatitis in mice, through the reduction of TLR4, total NF-xB, IL-6 and TNFa and apoptosis,
with the concomitant upregulation of Nrf2 mediated pathways (Gupta et al., 2019). Interesting anti-
inflammatory results were also detected with punicalagin, an ellagitannin isolated from
pomegranate polyphenols, abundant in the fruit husk and juice in significant quantities (Xu et al.,
2014; Olajide et al., 2014). In LPS-treated RAW macrophages punicalagin treatment decreased NO
and pro-inflammatory cytokine productions, via the suppression of TLR4-mediated MAPKs and
NF-xB activation (BenSaad et al., 2017; Xu et al., 2014; Du et al., 2019), and with a mechanism
that involved the downregulation of the FoxO3a/autophagy signaling pathway (Cao et al., 2019).
Similar results were obtained in cultured astrocytes and microglial cells, suggesting its potential as a
nutritional preventive strategy in neurodegenerative and neuroinflammatory disorders (Kim et al.,
2017b; Olajide et al., 2014). In vivo models confirmed the results obtained in vitro: in LPS-treated
mice punicalagin protected against different pathophysiological conditions, such as acute lung
injury, memory impairment and oxidative stress perturbation in the process of spermatogenesis,
suppressing NF-kB activation, preventing pro-inflammatory cytokine production and improving
antioxidant defences (Peng et al., 2015; Kim et al., 2017b; Rao et al., 2016). Punicalagin also
counteracted inflammation in kidney of LPS-treated rats, reducing oxidative/nitrative stress and
apoptosis, attenuating the histopathological injury and ameliorating the endotoxemic acute damage

(Frouad et al., 2016).

3.10. BILBERRY
Bilberry fruit (Vaccinium myrtillus L.) is a low-growing ericaceous dwarf sharb which belongs to

the Ericaceae family and has been used in folk medicine for centuries. It has been found in Europe
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and north America and it is extensively studied as a source of anthocyanins and phenolic
compounds, which possess protective effects on various pathophysiological conditions (Yas-et-al;
2010--Afrin et al., 2016). Despite this, to date there are few studies which investigated the role of

this berry in LPS-mediated inflammatory conditions. t—murine—macrophages—and—n—human

showed that bilberry extracts counteracted the LPS-induced liver and eye injuries_in mice models,

through the reduction of NO production;- and the suppression of inflammatory markers—{ue-et-al;

3.11. STRAWBERRY

Strawberries (Fragaria X ananassa Duch.; family: Rosaceae) represent a remarkable source of
phytochemicals (ellagic acid, anthocyanins, quercetin, and catechin), vitamins (ascorbic acid and
folic acid), mineral and fibers (Afrin et al., 2016). They are produced in the Americas and, in
particular, in the United States, confirming this country as the first manufacturer in the world,
followed by Spain, Japan, Italy, Korea and Poland. Recent studies highlighted the potential role of
strawberries on health promotion and disease prevention with particular attention to the effects
against the most common diseases related to oxidative stress driven pathologies, such as cancer,
cardiovascular diseases, type Il diabetes, obesity and neurodegenerative diseases and inflammation
(Giampieri et al., 2018; Amatori et al., 2016; Forbes-Hernandez et al., 2017). In particular
strawberry extract showed protective effect against LPS-induced stress in murine macrophages
(Gasparrini et al., 2017a; Liu et al., 2013; Van de Velde et al., 2019) and human dermal fibroblast

cells (Gasparrini et al., 2017b; Gasparrini et al., 2018), through the reduction of ROS and NO, the
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inhibition of pro-inflammatiry cytokines production, the decrease of damage to lipid, protein and
DNA with a concomitant improvement of antioxidant defences and mitochondria functionality, by a
mechanism 5" AMP-activated protein kinase (AMPK)/NF-kB mediated. Interesting data were also
collected with strawberry polysaccharides and hydrosylates: in LPS-treated macrophages,
strawberry maintained health under inflammatory stress, by the inhibition of cytokines secretion
(Liu et al., 2012a; Dia et al., 2014). Similar results were obtained in male Sprague-Dawley rats,
where white strawberry aqueous extract reduced serum level of transaminase, alanine transaminase,
aspartate transaminase, and inflammatory cytokines, also improving GSH/glutathione disulfide liver
ratio, favouring the normalization of oxidative and inflammatory responses after a liver injury
induced by LPS (Molinett et al., 2015). Moreover, serum from strawberry-supplemented older
adults significantly attenuated NO production and iINOS, COX-2, TNF-a expressions in LPS-treated
HAPI cells, suggesting that berry metabolites, present in the circulating blood following ingestion,
may mediate the anti-inflammatory effects of dietary berry fruit (Rutledge et al., 2019). Finally, in
ex vivo peripheral blood mononuclear cells, the production of TNF-a was increased in obese
volunteers consuming strawberries, suggesting that its consumption may increase the immune
response of monocytes in obese people which are at high risk for developing infections (Zunino et

al., 2013).

3.12. KIWI

Kiwi fruit has been ranked as the second highest antioxidant fruit among commonly consumed
fruits, following plums (An et al., 2016). It is native to northern China and is one of the most
popular fruits in New Zealand, USA and many European countries. It is widely reported as a
functional food and a nutraceutical source with some additional health-promoting properties, such
as anti-allergic, anti-diabetic and anti-inflammatory effects (An et al., 2016; Deng et al., 2016). In

this context Kiwi extracts and its fruit seed polyphenols showed interesting activities against LPS-
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induced inflammation in RAW macrophages, as highlighted by the reduction of ROS, NO and pro-

inflammatory cytokines (An et al., 2016; Deng et al., 2016).

3.13. BLUEBERRY

Bluberries (Vaccinium corymbosum L., family: Aricaceae) are rich in polyphenols, such as
anthocyanins, flavonols, tannins and phenolic acids, which are the main responsible of their
biological activities (Afrin et al., 2016). USA represents, with Canada and Poland, the largest
blueberry-producing countries, and thank to its rapidly production growing, its nutritional values
and benefits for human health are attracting much more interest from the international scientific
communities (Afrin et al., 2016). In the detail, in the last 10 years numerous studies investigated the
role of blueberry extract and its fractions against inflammatory condition mediated by LPS
endotoxin. In microglia and macrophages, blueberry extract counteracted the LPS-mediated
inflammatory response reducing ROS and NO production and pro-inflammatory cytokine
expression, comprising a potential therapeutic tool against comorbidities associated with obesity
development (Zhu-et-al—2008:-Reyes-Farias et al., 2015; Xie et al., 2011). Positive effects were
observed in human umbilical vein endothelial cells, where blueberry treatment increased LPS-
compromised cell viability and phosphoinositide-specific phospholipase C enzyme expression (Lo
Vasco et al., 2017). Interesting results were also obtained in the hippocampal and renal regions of
rats subjected to LPS treatment: in these models blueberries supplementation improved renal
glomerular filtration rate, blood flow vascular resistance and ROS and superoxide production (Nair
et al., 2014), showing beneficial properties against neurodegenerative process and kidney injuries.
Moreover, in LPS-stimulated splenocytes isolated from C57BL/6 mice fed with a high-fat diet with
blueberry, berry supplementation reduced cytokines production, suggesting that dietary blueberry
can buttress T-cell and systemic immune function against high fat diet-obesity-associated insults
(Lewis et al., 2018). Taking into account the different fractions isolated from whole blueberry fruits,

polyphenols and in particular anthocyanins represent the most widely investigated class of
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compounds. In RAW macrophages, blueberry polyphenol enriched-fractions efficiently
counteracted the LPS-induced stress mainly reducing NO and inflammatory cytokines, production
and lowering ROS and iNOS levels through the modulation of the NF-kB pathway (Xie et al., 2011;
Carey et al., 2013; Grace et al., 2014; Cheng et al., 2014; Cheng et al., 2016; Su et al., 2017,
Esposito et al., 2019). Similarly in LPS-treated HAPI cells, serum from blueberry-supplemented
older adults significantly attenuated NO production and iNOS, COX-2, TNF-o expressions,
suggesting that berry metabolites, present in the circulating blood following ingestion, may exert
the anti-inflammatory effects of dietary berry fruit (Rutledge et al., 2019). The same results were
found with blueberry anthocyanins extracts, which exerted positive effects in murine macrophages
(Johnson et al., 2013; Lee et al., 2014a; Garcia-Diaz et al., 2015; Xu et al., 2016) and in bone
marrow-derived macrophages prepared from bone marrows isolated from Nrf2 wild-type and Nrf2
knockout mice (Lee et al., 2014a), underlying how their anti-inflammatory effects could be due to
the inhibition of nuclear translocation of NF-kB independently from the Nrf2-mediated pathways

(Lee et al., 2014a).

3.14. MANGOSTEEN

The mangosteen (Garcinia mangostana L., family: Clusiaceae) is recognized as a medicinal plant
thanks to its notable pharmacological effects. It is a tropical evergreen tree, commonly cultivated in
Thailand, Malaysia, and Indonesia. Mangosteen fruit is a rich source of phenolic compounds such
as condensed tannins, anthocyanin and xanthones. Traditionally, mangosteen is famous for its anti-
inflammatory properties and it is mainly used for skin infections and wounds treatments (Afrin et
al., 2016). Most of the studies focused their attention on the effect of the principal xanthones
isolated from mangosteen, in particular o, B and y mangostin. a-mangostin represents the main
constituent of the fruit hull (Franceschelli et al., 2016). It showed protective effect against LPS-

induced inflammation in different cellular models: in rat intestinal epithelial cells (Zou et al., 2019),
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murine macrophages (Shen—et—al—2008b:—Gutierrez-Orozco et al., 2013; Mohan et al., 2018),
monocyte-derived (Gutierrez-Orozco et al., 2013), human macrophages (Bumrungpert et al., 2010)
and in bone marrow-derived dendritic cells (Herrera-Aco et al., 2019), a-mangostin exerted positive
effects through the reduction of pro-inflammatory genes (iNOS, COX-2) and cytokines (IL-6, TNF-

o) and their mainstream pathways such as NF-kB and MAPK. Simiareffectswere-obtained-in

Finally, the same results were detected in human myeloid leukemic cell line, monocyte-like

leukemia cells and colorectal adenocarcinoma cells, in which a-mangostin efficiently counteracted
the inflammatory insult, suggesting its possible use in the development of alternative
pharmacological strategies aimed at reducing the inflammatory process (Franceschelli et al., 2016;
Liu et al., 2012b; Gutierrez-Orozco et al., 2013). Recently, Nava Catorce et al. (Nava Catorce et al.,
2016) and Lotter et al., (Lotter et al.,2020) showed that a-mangostin reduced brain levels of pro-
inflammatory IL-6, TNF-a, COX-2 and 18 kDa translocator protein in an animal model of peripheral
LPS-induced neuro-inflammation, proposing this natural xanthone as an adjuvant treatment in
preclinical models of Alzheimer’s disease, Parkinson disease, schizophrenia, multiple sclerosis and
other disease with known shared pathology. Interesting results were also obtained with y-mangostin,
another xanthone isolated from mangosteen fruit. Finally, in LPS-treated macrophages (Shen-etal;
2008b:-Bumrungpert et al., 2010) and-adipocytes{Bumrungpert-et-al-2009)y-mangostin exhibited
anti-inflammatory effects lowering the production of NO, inflammatory cytokines,—PGE-2-and

COx-2-and down-regulating NF-kB and MAPK signaling pathways.

3.15 RASPBERRY
Raspberry (Rubus sp., family: Rosaceae) has recently received much attention from both scientists
and consumers for its health benefits, mainly due to the high amount of ellagic acid that it contains

(Afrin et al., 2016). Various kinds of raspberries can be cultivated all around the world: in fact, it is
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possible to distinguish Asian, European, Australian and American raspberry, characterized also by
different colorations, such as black, red and yellow ones (Wu et al., 2019). Taking into account the
anti-inflammatory effect of this berry, interesting results have been obtained with different extracts
of Rubus Coreanus raspberry: in LPS-treated RAW macrophages these extracts showed strong anti-
inflammatory effects through the suppression of NF-kB and MAPK activation (Lee et al., 2014b;
Seo et al., 2019), the inhibition of inflammatory mediators such as NO, PGE2 and inflammatory
cytokines productions (Seo et al., 2019) and the augment of phase Il antioxidant gene expression
(Kim et al., 2013a).

In the last years, different studies demonstrated the efficacy of diverse raspberry fractions against
LPS stress. Polyphenols, cyanidin and triterpenoid-rich fraction obtained from black raspberry (Kim
et al., 2013b; Jo et al., 2015; Shin et al., 2014), red raspberries anthocyanin-rich fractions (Li et al.,
2014) and different nortriterpenes isolated from raspberry roots (Chen et al., 2015) efficiently
counteracted the inflammation promoted in RAW macrophages, by downregulating pro-
inflammatory cytokines production, NO level and suppressing the inflammatory-related pathways.
Interesting results were also obtained by Garcia et al. (Garcia et al., 2017), which showed for the
first time that raspberry metabolites present in the gastrointestinal bio-accessible fraction
significantly inhibited microglial pro-inflammatory activation by LPS, through the inhibition of
ionized calcium binding adaptor molecule 1 (Ibal) expression, TNF-a release and NO production,
revealing that raspberry polyphenols may represent a dietary tool to the retardation or amelioration

of neurodegenerative-related dysfunctions (Garcia et al., 2017).

3.16. BLACKBERRY

Blackberries (Rubus fruticosus L.) belong to the family of Rosaceae and are widely known for their
high antioxidant capacity due to their content in ellagic acid, tannins, ellagitannins, quercetin, gallic
acid, anthocyanins, and cyanidin (Afrin et al., 2016). Mexico represents the main producer of

blackberries, even if in Europe and United States numerous cultivars have been selected for
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commercial cultivation. In addition to its antioxidant role, in the last decade different studies have
investigated the effect of this berry against LPS-mediated inflammation. In J774 (Azofeifa et al.,
2013; Choe et al., 2020), bone marrow-derived (Lee et al., 2014a) and RAW LPS-treated
macrophages (Cuevas-Rodriguezetal;—2010-Johnson et al., 2013; Lee et al., 2014a; Garcia-Diaz et
al., 2015; Van de Velde et al., 2019b) blackberry extract and its anthocyanin- and
proanthocyanidins-enriched fractions exerted their anti-inflammatory effects reducing ROS and NO
level and pro-inflammaory cytokines production, at least in part, by inhibiting nuclear translocation

of NF-xB and MAPK activation.

3.17. CRANBERRY

The cranberry (Vaccinium macrocarpon Aiton, family: Ericaceae), a traditional folk remedy
commonly produced in Canada and in the north-eastern and north-central area of United States,
attracted great attention over the past decade due to its phytochemical content, composed by
flavonol glycosides, anthocyanins, proanthocyanidins, and organic and phenolic acids (Afrin et al.,
2016). Cranberry extracts and juice exerted anti-inflammatory effects in human-peripheral-blood
mononuclearleukeoeytes(Huang-et-al—2009)-monocyte cells (Hannon et al., 2016) and murine
macrophages (Van-et-al;—2009;-Grace et al., 2014) targeting specific pathways involved in LPS-
induced inflammation and reducing pro-inflammatory cytokines productions.

Interesting data were also obtained with cranberry non-extractable polyphenols fraction, which
decreased the expression of iNOS, increasing the expression of HO-1 (Han et al., 2019) and with
phenolic and volatile extracts, that reduced NO production when applied before or after LPS
stimulation in RAW macrophages (Moore et al., 2019). Similar results were also found with
polyphenol fraction isolated from cranberry (Kylli et al., 2011; Grace et al., 2014), in particular with
the proanthocyanidins which counteracted the LPS-induced inflammation in murine macrophages

(Madrigal-Carbalo—et—al—2009:—Carballo et al., 2017), reducing iNOS and COX-2 expression

through the inhibition of NF-kB activation. In detail, A-type cranberry proanthocyanidins showed
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promising results as potential adjunctive therapies for treating inflammatory conditions, as

highlighted by

monoeyte-derived-macrophages{a-et-al—2009){iH)-the decrease of LPS-induced secretion of the

pro-inflammatory mediators IL-1B, TNF-o, IL-6 and IL-8 in monoblastic leukemia-derived
macrophages (Feldman et al., 2012) and {+H)-the reduction of the secretion of several cytokines in
an LPS-stimulated 3D co-culture model of oral gingival epithelial cells and fibroblasts (Lombardo
Bedran et al., 2015). Finally, cranberry powder enriched-diet showed beneficial effects in animal
models, providing appropriate antioxidants to counteract the diminished antioxidant status and
modifying serum lipids and the early inflammatory response, in rats and obese mice subjected to

LPS injection (Kim et al., 2011; Kim et al., 2013c; Kim et al., 2014).

3.18. BLACKCURRANT

Blackcurrant fruit (Ribes nigrum L.; family: Grossulariceae) is commonly rich in phytonutrients,
vitamin C and antioxidants (Afrin et al., 2016). It is native to central Europe and has been used in
traditional oriental medicine for more than 1,000 years. Up to date, few investigations have taken
into account the anti-inflammatory role of blackcurrant against LPS-induced stress. In LPS-treated
macrophages (Desjardins et al., 2012; Menghini et al., 2014; Lee et al., 2014a) and-monoeytic-celt
Hnes{byal-et-al-2009)-blackcurrant extract and its anthocyanin fraction exerted anti-inflammatory

effects counteracting efficiently pro-inflammatory cytokines production in a dose-dependent

manner, partially by the inhibition of NF-kB activation. Similar-data-were-obtained-in-mice-fed-with
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3.19. BARBERRY

Barberry fruit is distributed in different part of the world, in Japan and parts of China as Berberis
amurensis, in Argentina and Chile as Berberis microphylla, in Korea as Berberis koreana but the
most common variety is represented by Berberis vulgaris, the European barberry (Reyes-Farias et
al., 2015). In 2015 Reyes-Farias et al. (Reyes-Farias et al., 2015) showed that barberry polyphenol-
extract reduced NO secretion, iINOS and TNF-o expressions, concomitantly increasing IL-10 level,
in LPS-induced RAW macrophages. Similarly, in murine peritoneal macrophages barberry extract
strongly suppressed production of NO, ROS, iNOS, inflammatory cytokines as well as chemokines,

also investigating the molecular mechanisms involved, against LPS-stimuli (Sharma et al., 2020).

3.20. JAMUN BERRY

Eugenia jambolana Lam. is a fruit tree mainly distributed in the tropical and subtropical regions of
the world. The fruit of E. jambolana is a popular edible berry commonly known as Jamun and
widely consumed in India and other parts of the world (Liu et al., 2018). In 2018, Liu et al. (Liu et
al., 2018) showed the protective effects of different phenolic isolated from Jamun seeds in LPS-
induced RAW264.7 cell against advanced glycation endproducts activities, mainly through the
reduction of ROS production, demonstrating that phenolics might play an important role in the

hypoglycemia effects attributed to this edible plant.

3.21. OTHER BERRY
To the best of our knowledge there are no published studies which investigated the effect of
cloudberry, silverberry, white current, artic brumble and rosehip on LPS-stressed in vitro and in

vivo models.

4. CONCLUSIONS
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Berry fruits possess a remarkable amount of nutritive and bioactive compounds, with flavonoids
and anthocyanins the most representative ones. Numerous in vitro and in vivo studies have
highlighted the efficacy of berry extracts and its single fractions or constituents against the
inflammatory status evoked by the endotoxin LPS. Grape, in particular resveratrol, and blueberry
represent the main investigated berry in this sense, even if the mechanisms involved in the
prevention and/or treatment of stress condition are common in all the tested fruit. The inhibition of
MAPK and NF-kB activation, with the consequently reduction of pro-inflammatory cytokines and
NO production, represent the main pathway involved in their anti-inflammatory role, improving
antioxidant defence and providing beneficial effects for the maintenance of healthy conditions in

LPS-treated models.
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7. FIGURE CAPTIONS

FIGURE 1. Antioxidant and anti-inflammatory effect of berries after LPS-induced stress.
Berries attenuated the LPS-induced stress through the downregulation of different factors produced
after the stress stimulus and the upregulation of antioxidant enzymes. LPS: lipopolysaccharide;
TRLA4: toll-like receptor 4; NADPH: nicotinamide adenine dinucleotide phosphate hydrogen; ROS:
reactive oxygen species; MyD88: myeloid differentiation primary response 88; IkBa: nuclear factor
of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha; NF-xB: nuclear factor kappa-
light-chain-enhancer of activated B cells; MAPK: mitogen-activated protein kinase; SOD:
superoxide dismutase; Erk1/2: extracellularly-regulated kinase-1 and -2; AP-1: activator protein 1;
Nrf2: nuclear factor erythroid 2-related factor 2; ARE: antioxidant response element; iNOS:
inducible nitric oxide synthase; NO: nitric oxide; COX2: cyclooxygenase 2; IL-1: interleukin 1; IL-

6: interleukin 6; TNF-a: tumor necrosis factor alpha
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1’278 TABLE 1. Effects of different berries on LPS-stimulated inflammatory models

. in vitro studies-

e gt VIRT Y DRV

. Dosage of LPS Dosage of berry and . .
Berry Extracts/Fraction/Component induced testing system Biological response Reference
0.1, 1, 10 and 100
pg/mL
(extract) or 0.1, 1, 10,
Ethanolic extract and the and 100 pM (pure
isolated anthocyanins and 500 ng/mL for 1h compounds) -| ROS and NO (Hoetal., 2017)
procyanidins fractions In vitro: RAW 264.7
macrophages and
murine dendritic
D2SC/I cells
10 pg/mL for 12-24 h
Elderberry " 0.1-10 pg/mL for In vitro:HGF-1 and -} IL-6 and IL-8, (Walker etal.,
Methanolic extracts 1224 h human U-937 MMP-2 and MMP-9 2013)
monocytes.
100,50, 25-and-12.5
Ex vivo: macrophages
e e —
BALB/c mice M 2019)
: .
injected with 20 mg
LPS
0, 200, 400, 600 or
o -| NF-«B
LBP 200 ng/mL for 1 h ISO‘? ugml for24h | oo TNF-q | (Tengetal,
n vitro: BV-2 mouse and HSPE0 2013)
microglial cells i
200,400,800 mgkg | LIS
injection In-vivo:-Sprague- “Nrf2HO-1, NQOL 2019)
Dawvley male rats o
1B 16 H-8;
B e e SR
. SmghgBWip. | BWfor 12 24 4gh | ROSlevelsinserum (Wuetal-
Bavdey-malerats
SN2 -HO-1,NQOL
Wolfberry or Goji inkidneys
berry . 200 mg/kg BW for -} 1L-6, TNF-¢, lung
LBP e 24h injury and pulmonary 2018 N
5-mgikg BW-i-p {Cheneta
jectio In vivo: C57BL/6 mice edema
200 pg/mL for 24 h
In vitro: human .
LBP 100 ng/T]L for 24 pulmonary -l apo&t;)j:sB, ROS, (Chzeglgt)al.,
microvascular
endothelial cells
. . 10-80 pg/mL for 24 h -} NO, TNF-q, IL-6,
Lyc(')‘l’”;;é‘ctugg'g:m 1ug/mL for24h | Invitro: RAW 264.7 iNOS (Peggl?)a"'
poly macrophage cells -| TLR-4/ NF-kB
10, 100, 500 and 1000 -l NO, TNF-q, IL-6,
pg/mL for 48 h iNOS and COX-2.
Lycium fruit water extract 200 ng/nr‘:L for 48 In vitro: RAW 264.7 -|p-Erk1/2, p-p38- (Ohetal.,2012)
macrophage cells MAPK, p-INK.
-| IkBa, NF-kB
Freeze-dried agai pulp was 100 ng/mL 30 pgflg‘lmhglmL for -] iNOS, COX-2, (Poulose et al
fractionated using methanol, o/ o p38-MAPK, TNF-o ’
overnight In vitro: BV-2 2012)
ethanol and acetone . : and NF-kB.
microglial cells
5-20 mg gallic acid -|ROS
equivalent/L for 24 -} NF-kB
Agai polyphenolics extracts 1pg/L for3h and 48 h -|VCAM-1, ICAM-1, (Norg(t)tflit .,
In vitro: HUVEC and E-selectin
Acaiberry -1 microRNA-126
1-10 mg gallic acid -JROS
equw:[l&nzlé_ hfor 24 -JTNF<a, COX-2, »
Acai polyphenolics extracts 2 pg/mL for 4 h In vitro: Colon TLR-4, TNF receptor- (Diasetal,
. associated factor -6, 2015)
myofibroblast CCD- NE 1 and
18Co cells -kB, VCAM-1 an
ICAM-1
. 6.25-50 pg/mL for 6 h -| NF-kB (Ajit, etal.,
Agai extract 100 ng/mL for 6 h In vitro: rat astrocyte -1 Nrf2 and HO-1 2016)
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(DI TNC1) cell line

3-100 mg/mL for4 h
In vitro: human
umbilical vein

-] E-selectin and

Amla fruit extract 1 pg/mL for4 h endothelial cells tés;ufe:e;ic;ﬁr (Rggf;)al.,
HUVEC and human P
monocytic cells THP-
1 cells.
0.13-2 mg/mL for 1 h
Emblic Amla fruit powder extracts 5 pg/mL for 6 h. In vitro: RAW 264.7 '%NR(%S’(%:QE' (We;rz)glg; a,
macrophages !
10 pg/mL of fruit
. . composition for 3 h -} ROS, TNF-q, (Sato et al.,
Dried seedless Amla fruits 1 pg/mL for12 h In vitro: RAW 264.7 iNOS, COX-2 2018)
macrophages
50 mg/kg BW for 4-24
. h -} TNF-gand 1L-6 in (Raoetal,
Apbrbee st 2 mglkg BW . .
In-vive:male Wistar serum 2013)
rats
50, 100 and 150
Lingonberry crude extract and 1 ug/ml for 4 h ug/mL for 5 h - IL_lf’ikl‘ées’ COX- (Grace etal.,
polyphenol-rich fraction Hg In vitro: RAW 264.7 ! 2014)
macrophages
50 mg for 24 h (LE)
Lingonberry polyphenol-rich 24-80 mg for 24 h
fraction (LE), anthocyanin-rich (ANC) -1 ROS, NO, COX-2, (Esposito et al
fraction (ANC), 50 pg/mL for 24 h 163 mg for 24 h iNOS p2019) N
proanthocyanidin-rich fraction (PNC)
(PNC) In vitro: RAW 264.7
Lingonberry macrophages
30 and 100 pg/mL for
) . 24h -1 NO, TNF-a, IL-1B, (Kylli etal.,
Lingonberry phenolic extract 10 ng/mL for 24 h Invitro: J774 1L 2011)
macrophages
16-200-pgimi=—for - ROS, NO-and
LygimlAto .2 8 acetylcholinesterase
Lingonberry-extract 1 pg/mL for3h Ex vivo: Primary 4 vi:tc)li'l\i/t';ythiol 2018)
: :
(reversal) , contentand SOB
from Wistar rats
Black chokeberry ethanolic 500 ng/mL for 48 30 pg/mL-1mg/mL -1 NO, iNOS, COX-2, (Leeetal,
extract h In vitro: BV2 cells IL-18, TNF-a 2018)
50 mg/kg/day for 7
days
extract TorETe mice received TNF-u 2018)
injection-of LPS
Chokeberry 0.01-0.5% for 30 min
. In vitro: human
Po'mﬁ?gstgﬁ&ﬁl:g::berw 10 ng/mL for 24 h. primary monocytes -} TNF-a IL-6, 1L-8 (Apggllg; a,
J isolated from
peripheral blood
- {) i
Polyphenol-rich chokeberry 1 pg/mL for6h ?'01_ 0":’,@2]\;\,32 T'7n -| NF-kB (Appel et al.,
juice concentrate n vitro: 64. 2015)
) macrophages
lung tisgue,
200,-400-and-800 microstructure
Seabuckthorn Seabuckthorn berries paste 10 mg/kg BW. Y SpE . (Duetal., 2017)
SHes atondialeshyds
augmentation
-] ROS, NO, iNOS,
35 pg/mL for 24 h PGE2, COX-2, TNF- (Bakeetal
GSPE 1 pg/mL for 24 h In vitro: RAW 264.7 a, IL-1B, p-p65, p- 2013) "
macrophages plkBa, p-AKT, p-p38
p-INK, p-ERK
12.5-50 pg/mL for 24
Grape
GSPE h. . (Perezetal.,
0.4 pg/mL for 24 h In vitro: RAW264.7 -1 NO production; 2015)
macrophages
25 pg/mL for 16 h (Kim etal
GSPE 1 pg/mL for8h In vitro: RAW264.7 -} TLR-4 activation. 2016) .

macrophages and




fibroblast-like
synoviocytes
] -| AKT, ERK and
0 4&%:%?'2‘ 4? % JNK phosphorylation
GSPE 1 pg/mL for 30 In vitro: rat hepatic -| NF-kB (iang etal.,
minor24h stellate cell line HSC- translocation 2017)
T6 from cytosol to
nuclear
0-40 puM for 6 h or 24
h
. -|AKT/NF-kB
GSPE 1 pg/ml__ for 30 oJa[:i\g;rgénhcl:englls pathway (zhaoetal,
min A2780 and its '1M‘:ti1‘fvaK 2013)
multidrug resistant P Yy
subline A2780/T
-1 NO-levelin the
plasma, red-blood
50,-75,-100-and-200 or:
mglkglday-BW for 15 . }
GSPE 7 mg/kg BW i and 110 (Paliares etz
lwvwe—\tz:ar—tema«le . L i 2043)
rats N ©
6-INOS; glutathione
eisulfide/total
grtaie 9‘ po—
e ) CINE plase
0-3-mglkg-BW-for for-i5-days - {GH-Cardose-et
GSPE . " ROS-in-the-small-and
5 days e al., 2019)
arge intestina
50 ug/mL for4 h . .
- -| NF-kB cytokines, (Pistol etal.,
GPCE 5 pg/mL for 4 h |I‘.I VItrO: BV2 chemokines 2018)
microglia cells
-|LPS-stimulated
0-24 pg/mL . .
1 pg/mL for 150- In vitro: human tissue factor synthesis (Milellaetal.,
GSE . . -] tissue factor-
180 min. peripheral blood dependent fibrin 2012)
mononuclear cells formation
Hob-b ke B
Invive: COX-2-inliver 2012)
0-100:-6r300 spholipases A2
. o ) serum
1 l; eri-6and
10-30-and-100-mglmk gamma-induced
100-ng/mi-for30 y v g (Overman-etak;
macrophages and AP-1; 2019)
cause insulin
resistance
05 B ~ENE-kBnwhole
GPE Hp-injectionor | 4% of dietfordweeks | yonindliperitoneat | (Milleretals
0:25-mglkg-BW An-vivo:-mice . fi 2018)
forLwseek TNF-a 16
- 3 -
for-3-weeks
populations-in-the
10 pg/L for 24, 48 peripheral blood 6 (Zunino etal.,
GPE and-72-h moenonuclear cells > 2014)
R
samples of healthy
B
velunteer
0, 1, 5 and 10 pg/mL -} iNOS, TNF-q, IL- (Rodriguez-
Grape polyphenol enzymatic 0.01 pg/mL for 1, forl,4and6h 1B, ionized calcium- 9
L S Morgado et al.,
extract 4and6h In vitro: N13 binding adapter 2015)
microglia cells molecule 1 and TLR-4
Polyphenolic extracts from red 10 pg/mL for 2 h 50 uM for4 h -l IL-6 (Nicod et al.,

[ ha formattato: Tipo di carattere: Corsivo




Pomegranate

wine In vitro: Caco-2 cell 2014)
10 pM for 18 h
Resveratrol 1 pg/mL for 18 h In vitro: human &:A%Elzé I\él\é[i_i (Wazrz)gli\; al.
chondrocytes '
200-nM-for 6-12-h
Exvivo: cortical
. Gulloetal.
Resveratrol e T T ~+FNE-¢ ¢ !
2017)
astrocyles and
30, 40 and 50 mM for
-} NO, iNOS, TLR-4; (Panaro et al
Resveratrol 1 ug/mL for 48 h In vitro: Caco-2 and -} IkBu degradation 2012) N
human colon
adenocarcinoma cell
to-retinal-vessels-of
5:-50,-100,-0r-200 ElJ-mice;
R 9 B R e —1—M(—P—Lapd—l€AM— e
5-days 1inthe retina 2009)
In vivo: C57BL/6 mice -} retinal 8-Ox0-2'-
kB translocativon
10 mg/ kg BW, once
Resveratrol arthritis, PGE2, 20
vehite rabbits
P f 0 for2. and-2.5-g/-for24-h ” {Kumar-Reiné
Invitro: RAW 264.7 o etal., 2009)
ackaphagas
-/ ROS, TLR-4
0-100 pg/mL for 1 h | ROS, ’
Pomegranate peel 1 pg/mL for 20 S MAPKSs, NF-kB
polyphenolics extract minor24h In vitro: RAW 264.7 -} NO, PGE2, IL-1B, (Duetal., 2019)
macrophages IL-6. TNF-a

Pomegranate polyphenolics
extract

1 pg/mL for 4-24 h

5-10 mg/L for 4-24 h
In vitro: Human colon
CCD-18Co
myofibroblastic cells

-} ribosomal protein
S6 kinase beta-1,
hypoxia-inducible

factor 1-alpha
-1 miR-145

(Kimetal.,
2017b)

Pomegranate fruit husk

0.02-0.5 mg/mL

(Hollebeeck et

f 1mg/L for24 h forlh -} IL-6, IL-8, MCP-1
polyphenolic extract In vitro: Caco-2 cells al., 2012)
Pomegranate peel-extract 10-mg/Lfor3h E o=poreine "XCES {Mastrogiovanni
825 pgimlfordh ol -} CXCL8L-1A;
-1 tight junction
Pomegranate peel 0-100 pg/mL for 24 h 1 ti . (Zhao et al.,
polyphenolics extract 100 pg/ml. 24 h In vitro: Caco-2 cells protemlscslressmn 2019)
O—Z—ml—ef—@—%—P@M*. g ~" T
Polyphenol-rich-pomegranate inj'echlio;‘m wwice | Viaoralgavage (daily) KBAL-6 TNF-o; (Guptaetal
for-4-weeks BAX
extract 5 Avivo_male swiss 4+ Nef2 Bel-2-heme
weeks : - = ’
albino mice oxygenase-1
50, 100, 150, 200
. . pg/mL for 2 h R . (BenSaad et al.,
Punicalagin 1 pg/mL for 24 h In vitro: RAW 264.7 | NO, PGE2, IL-6 2017)
macrophages
25, 50, or 100 uM for -| TLR-4, MAPKS,
Punicalagin 1 pg/mL for 24 h Lh NF-xB (Xuetal., 2014)
In vitro: RAW 264.7 | -| NO, PGE2, IL-1B, N
macrophages 1L-6, TNF-0,
-/ ROS, TLR-4
0-50 pug/mL for 1 h | ; .
. . 1 pg/mL for 20 S MAPKSs, NF-xB
Punicalagin min or 24 h In v::]raoc.rsﬁ\glezs(ﬂ] -| NO, PGE2, IL-1p, (Duetal., 2019)
phag IL-6, TNF-a
0-50 uM for 1 h -1 NO, IL-6, TNF-a,
Punicalagin 1 pg/mL for 30 In vitro: RAW 264.7 MAPKs, NF-kB, (Caoetal,
minor24h 2019)
macrophages FoxO3a
10,20,50 uM for 24h | -4 NFkB, INOS,
In vitro: Primary COX-2, ROS, NO, (Kimetal
Punicalagin 1 pg/mL for 24 h astrocyte and TNF-q, IL-1B 2017)

microglial BV-2 cell

-] amyloid betay. s,
generation




-} amyloid precursor
protein, beta-secretase
1

5-40 uM for 24 h

. . Jn vitro: Rat primary -} NF-«B, IL-6, TNF- (Olajide et al.,
Punicalagin 10 ng/mL_ for 24 h mixed glial cell «, PGE2 2014).
cultures
Punicalagin Zh ivo: 5 ; !
mice tung
~Fmemory
L5 mglkyg BW at day B
. : paiment
. . 250 pglkg 7 times ivo-M - amyloid beta; (Kim-etak;
9 protein, beta-secretase
: §
mice fortility indices
Seram creatinine
:
and-neutrophi
gelatinase-associated
=18 TN =eHe-
6, MDA, NO:
unicatag Smeke B Hhvive:Rats ' ' 2016)
caspase 3, caspase 8
and-caspase.8
. d‘ &ys -
~Vhistopathologiea
ury d.QQAe“%
6, COX-2.
75 g/mifor 30-min prostaglandin-
macrophages synthase-tenasein-C; 2008a)
CCL22 -interferon
gamma inducible
protein 11 and 47
1-50 pg/mL for 30
YRl 9 Invitro: human ¢ 2010)
transaminase;
e m 50,-100-20-mg/kg-at aspartate
. the 2 and# ‘day F 7 . . . {uo-etal;
troatment vve-iiee ihiver NOS, TNF-6;
MBA NO
50, 100, 200 mg/kg
-}eye NO-MBA
Bilberny-extract 100-mg-for24-h ivo- Miale BALB/C e R G5 TR
R SOD, vitamin ¢, GPx )
mice ! |
-| NF-kB, plkBa,
iNOS, TNF-q, IL-1B,
IL-6, IL-10;
-1 ROS, NO;
-|protein carbonyl,
thiobarbituric acid-
reactive substances, 8-
oxoguanine
100 pg/mL for 24 h . -
Strawberry Strawberry extract 1 pg/mL for 24 h In vitro: RAW 264.7 glycosylase level; (Gasparrini et
-1 Nrf2, GPx, al., 2017)
macrophages

glutathione reductase,
glutathione trasferase,
SOD, catalase, heme
oxygenase-1, GSH;
-1 p-AMPK, sirtuin-1,
peroxisome
proliferator-activated

receptor ¢ coactivator
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1 alpha;
-1 mitochondria
functionality

0, 250, 500, 1000
pg/mL for 48 h

-| TNF-q, IL-1B, IL-

Strauberry phenolic-rich 5 pg/mL for 48 h In vitro: Mouse 2, IL-4, IL-6, IL-12, ("'2‘:)%;‘"’
primary peritoneal IL-10, interferon-y;
macrophages
Strawberry crude extract,
y N ! 50 pg/mL for 24 h .
anthocyanin-enriched e -} ROS, NO, iNOS, (Van de Velde
fractions, proanthocyanidin- 1 pg/mL for 24 In V'tmrg'r;ﬁ;geis‘u COX-2, IL-1, IL-6 etal., 2019b)

enriched fractions

Strawberry extract

10 pg/mL for 24 h

50, 100, 1000 pg/mL
for24 h
In vitro: Human
Dermal Fibroblast

-1 cell viability;
-1 ROS, NO;
-1 GSH;

- | protein carbonyl,
thiobarbituric acid-
reactive substances, 8-
oxoguanine
glycosylase

(Gasparrini et
al., 2017b)

-1 GPx, GR, GST,
SOD, catalase;
-| ROS, apoptosis,
NF-kB, iNOS, TNF-q,
IL-1B, IL-6,

50 pg/mL for 24 h hemeoxygenase-1 (Gasparrini et
Strawberry extract 10 pg/mL for 24 h In vitro: Human -1 p-AMPK sirtuin-1, ) P2018)
Dermal Fibroblast peroxisome als
proliferator-activated
receptor ¢ coactivator
1 alpha;
-1 mitochondria
functionality
0, 250, 500, 1000
Hg/mL for 48 h -} TNF-a, IL-1B, IL- (Liuetal
Strawberry polysaccharides 5 pg/mL for 48 h In vitro: Mouse 6, IL-12, IL-10; 2012) "
primary peritoneal - Bel-2, Bak
macrophages
400 Ig hydrolysates/ml
Strawberry-banana soymilk for48h -} NO, TNF-q, IL-1B, Diaetal.,
h)%rosylates Y Lugmbfor24h |\ iivo: RAW 264.7 ! iINOS, COX-2 b ( 2014)
macrophages
transaminase-alanine
transaminase,
Chilean white strawberry 10 days transaminase; (Molinett et al.,

5-mglkg-BW-for3
h

agueous extract In-vivo-Male- Sprague- | -Lserum-FNFE-oHe- 2015)
-tiver
GSH/glutathione
disulfide ratio
10%
serum for 8 h from
. 100 ng/mL_ for 16 | Mdividual sublects fed |\ i inos cox-2, | (Rutledge etal
Strawberry serum metabolites with 24 g/day pf ’ y ! ”
h TNF-o. 2019)
blueberry for 90 days.
In vitro: HAPI rat
microglial cells
frozen strawberries
Freeze-dried strawberry-powder 10-pg/lfor24,48; ay-for 3 4+ TNFo
72h Ex vivo: peripheral 2015)
blood-mononuclear
—=
0, 50, 100, and 500
- 100 ng/mL for 24 ng/mL for 24 h
Kiwi extracts h In vitro: RAW 264.7 -| IL-6, TNF-a, NO (Anetal., 2016)
. macrophages
Kiwi 0, 20, 40, 60 pg/mL
Lo for12h (Dengetal.,
Kiwi fruit seed polyphenols 1pg/mLforlh In vitro: RAW 264.7 -} IL-1B, TNF-a 2016)
macrophages
Blueberry Blueberry-extract 50-ng/mbkfor2-h In-vitro:-Primary amyloid beta (’Zgggg_)”t &
mouse microglia aggregation




Blueberry extract

5 pg/mL for 24 h

100 uM for 24 h
In vitro: RAW 264.7
macrophages

-1 NO, iNOS, IL-10,
TNF-a

(Reyes-Farias et
al., 2015)

Ex vivo:
thioglycollate-elicited
sariteneat
macrophages-from

“mice

(xie-etalk;
2011

100 ng/mL for 3,

50 uM for 3, 6,24 h
In vitro: human

-1 cell viability,
phosphoinositide-

(Lo Vasco et al.,

Blueberry extract s umbilical vein specific phospholipase 2017)
endothelial cells C enzyme expression
filtrati)n rate-renal
2% of dietfor 2 days, inki -
10-mg/kg-BW,fo onceatdays | renal-vascular
Blueberry-powider 6h In vivo: Sprague- resistance, ROS, 2014)
m‘olecule“-l
4 % of diet/day, for 8-
E for2 12-weeks
powde a8h isolated from o 2018)
C57BLIG miee
Blueberry extract (0,
0.25,0.50, 1.0, 2.0
Blueberry extract or its mg/mL) Ior de|I-3-quc,
components (pterostilbene mal-3-gluc, .
Hea § 100 ng/mL pterostilbene, or -1 NO, iNOS, COX-2, (Carey etal.,
resveratrol, delphinidin-3-O- 4
" L overnight resveratrol (0, 1, 10, TNF-a. 2013)
glucoside, or malvidin-3-O- 20, and 30 uM), for 1
glucoside) ! h“ !
In vitro: BV-2 murine
microglial cells
50, 100, 150 pg/mL
Blueberry crude extracts and forlh -} iNOS, IL-1B, (Grace etal.,
polyphenol-rich fractions 1 pg/mL for4h In vitro: RAW 264.7 COX-2, IL-6 2014)
macrophages
10, 100, 200, 400
pg/mL for 48 h
E;::(;{arglria%(::eysgleynpor:::(ng 1 pg/mL for 24 h or -} INOS, NO, COX-2, |~ (Cheng etal.,
from blueberries 100 pg/mL for 6-72 h NF-kB 2015)
In vitro: RAW 264.7
macrophages
Blueberry polyphenol enriched 10% of diet for 6 -| TNF-q, IL-6, NF-
extracts, obtained from serum 100 ng/mL for 16 weeks kB (p-NFkBp65; p- (Xieetal.,
of rats fed with blueberry- h In vitro: RAW 264.7 1kBa), MAPK (p-p38 2011)
enriched diet macrophages p-INK p-Erk1/2)
Different amount of
phenolic acid (from
anri 5.41021.8mg)/100¢g -} TNF-q, IL-6;
Blueberry pf?;sézr;r;ol enriched 100 ng/mhL for18 fresh blueberry -| miR-21, miR-125b, | (Suetal., 2017)
equivalent miR-146a
In vitro: RAW 264.7
macrophages
10, 100, 200, 400
pg/mL for 48 h
or 100 pg/mL for 6-72 -} IL-1B, IL-6, (Cheng etal.,
Blueberry polyphenols 1 pg/mL for24 h h IL-12p35 2014)

In vitro: RAW 264.7
macrophages

Blueberry polyphenol-rich

50 mg for 24 h (LE)
50-120 mg for 24 h

fraction (BE), anthocyanin-rih (ANC) -} ROS, NO, COX-2, (Esposito et al
fraction (ANC), 50 pg/mL for 24 h 128 mg for 24 h iNOS 2019) o
proanthocyanidin-rich fraction (PNC)
(PNC) In vitro: RAW 264.7
macrophages
10%
serum for 8 h from
Blueberry serum metabolites 100 ng/mL for 16 individual subjects fed | -| NO, iNOS, COX-2, | (Rutledgeetal.,
h with 24 g/day pf TNF-0. 2019)
blueberry for 90 days.

In vitro: HAPI rat




microglial cells

400, 800, 1200, 1600

-1 cell viability;
-| NO, PGE2, IL-6,

Blueberry anthocyanin extracts 1 pg/mL for24 h u_g/n'!L for24h IL-1, interferon-y, (Xu et al., 2016)
In vitro: RAW 264.7 COX-2. TNF-.
macrophages M CP-l’ NF-ké
0-20 pg/mL for 12 h
. . 100 ng/mL for 3- Y -| TNF-a, NF-kB, (Leeetal,
Anthocyanin fraction 24h In vitro: RAW 264.7 IL-1B 20143)

macrophages

Anthocyanin-enriched fractions
from blueberry beverages

1 pg/mL for 24 h

100 pM C3G for 24 h
In vitro: RAW 264.7
macrophages

-} NO, TNF-a, NF-kB

(Garcia-Diaz et
al., 2015)

Anthocyanins and
proanthocyanidins from

1 pg/mL for 24 h

25,50, or 100 uM
C3G (for
anthocyanins) or with
epicatechin (for

-1 NO, iNOS, COX-2,

(Johnson et al.,

fermented blueberry beverages g(;ﬂ?c;r;giglrdﬂsa NF-kB 2013)
In vitro: RAW 264.7
macrophages
20 pg/mL for 12 h
In vitro: Bone
marrow-derived
Anthocyanin fraction 100 ng/mL for 3 h mf?gﬁpé\:ﬁ:;parrergasd -l ROS, IL-1B (Lzeglit;;l”
isolated from Nrf2
wild-type and Nrf2
knockout mice
3-25 uMfor18-h ! .
o-mangestin:y-mangostin h Invitro: RAW 264.7 (Chenetal;
macrophages ? )
25-10 M for 1 h .
o - -] apoptosis, NO,
a-mangostin 10 g/l for24h | [0V IECO 18| pGES 116, TNF-o, (Z%f;)a"'
ce"'s) IL-1p, TLR4, NF-kB
10 puM for 2 h (Gutierrez-
a-mangostin 5ng/mL for 16 h In vitro: RAW 264.7 -l NO Orozco etal.,
macrophages 2013)
R 0-14 pg/mL for 30
) 10 ng/mL, 1-10 min, 4-20 h -| NO, iNOS, NF-kB, | (Mohan etal.,
a-mangostin Ho/ m'zl_fg{) io M1 Invitro: RAW 264.7 | TNF-a, IL-6, PGE, 2018)
macrophages
45 uM for4 h (Gutierrez-
a-mangostin 100 ng/mhL for 10 In vitro: monocyte- -} TNF-a Orozco et al.,
derived macrophages 2013)
3, 10, or 30 pmol/L _~LIL-6, TNF-q,
interferon gamma-
. . 100 pg/mL for 30 for2h . . (Bumrungpert et
o-mangostin, y-mangostin minor3h In vitro: human induced protein 10, p- al,, 2010)
. MEK, p-INK, p-ERK, N
macrophages p-p38, NF-kB
-} TL-1p, 1L-6, IL-8,
e S TR
Mangosteen e
3 for 2 ~}-p-INK;p-ERK -
h adi O'C tes IkBa. NF-kB; al., 2009)
pocy -1 glucose uptake,
peroxisome
proliferator-activated
Ex vivo: Murine bone
marrow-derived
-mangostin o -6
24-h bone -marrow-cells-of ak; 2019
- +1L-10 )

7-to-8-week-old-male
BALB/cmice fed-with

a-mangostin

10 pg/mL for 24 h

-mangostin
1,5, 10, 50, and 100
uM for 24 h
In vitro: U937cells
and monocytes from
peripheral blood
mononuclear cells

-1 NO, iNOS, NF-kB,
sirtuin-1, COX-2,
PGE;

(Franceschelli et
al., 2016)
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- TNF-q, IL-4, p-
ERK, p-JNK, p-p38,

p-EIK1, p-MAPK
-mangostin 0.1 ng/mL for4 h Glnlvzlt?o’vl Jﬁ;"i: kli(:\r;;lieﬁsm{lsAiprﬁl (Liuetal,
¢ g 4 ng myeloid leukemic cell P~ SIY 2012c).
; transducers and
line U937 .
activators of
transcription-1, p-c-
Fos, p-c-Jun
e (e
a-mangostin 0.1 ng/mL for4 h oo -l IL-8 Orozco et al.,
monocyte-like 2013)
leukemia
10 uM for 1 h .
) 100 ng/mL for 16 In vitro: HT-29 (Gutierrez.
a-mangostin -] IL-8 Orozco et al.,
h colorectal 2013)
adenocarcinoma cells
40-mglkg-BW, at day - ¢ brain 1L-6, COX-Z‘
24 h-intervals tvivo: fema_lle binding adapter otal-2016).
molecule T
20-mghkgor50-mghkg
eriad-perieasp-Gareitia adpiikistered S EaFassiyE
mangastana Linn subeutaneoushy oy eat behavuiours
-1 NO, iNOS, PGE2,
400 pg/mL for 24 h COX-2, IL-1B, IL-6,
Different raspberry extracts L _ug/mL for 20 In vitro: RAW 264.7 TNF-o (Leeetal,
min,4hor18h 2014b)
macrophages -} NF-kB, p-p38, p-
INK, p-ERK
25-400 pg/mL for 1 h | -| NO, iNOS, COX-2, (saoetal
Different raspberry extracts 1 pg/mL for 18 h In vitro: RAW 264.7 IL-1B, IL-6, TNF-a,p- 2019) "
macrophages IkB-a
-1 NO and ROS
production
-] NF-kB IL-1p,
250-500 pg/mL for 4 TNF-a, iINOS
Unripe raspberry fruit aqueous 100 ng/mL for 30 h -1 phase II antioxidant (Kimetal.,
extract minor14h In vitro: RAW 264.7 gene expression 2013b)
macrophages (heme oxygenase-1,
glutamate cysteine
ligase, and
peroxiredoxin-1)
- 4 0-100 pg/mL for24h | -] NO, PGE2, IL-1B, .
Polyphenols from unripe fruit | ) |\ for2ah | Invitro: RAW 2647 | IL-6, IL-10, TNF-a, (Kim etal,
of black raspberry h p 2013a)
Raspberry macrophages iNOS, COX-2
25,50, 100 pg/mL for ‘ILLI‘éO'Tf\‘C;EZ’ IL-18,
. - . -6, -a, iNOS, .
Triterpenoid-rich fraction from 1 ug/mL for 24 h 1h COX-2 (Shinetal.,
black raspberry HO In vitro: RAW 264.7 2014)
macrophages -} NF-kB, plkBa,
p-p38, p-INK, p-ERK
100, 300, 500 pg/mL -| IL-6, IL-1B, TNF-
Different black raspberry 100 ng/mL for 15 for15h o, iNOS, COX-2 (Joetal,, 2015)
fractions h In vitro: RAW 264.7 -} p-STATS, p-p38, N
macrophages p-INK, p-ERK
0-200 pg/mL for 12- -} NO, iNOS, COX-2,
Red raspberries anthocyanin- 1.5 pg/mL for 1-24 24h IL-1B , IL-6; (Li etal., 2014)
rich fractions h In vitro: RAW 264.7 -} NF-kB, AP-1, -
macrophages 1kBa, p65, INK.
. . . 4and 20 pM for 24 h
Different nortriterpenes isolated 1 g for 24 h In vitro: RAW 264.7 -} TNF-o, IL-6, IL-1p (Chenetal.,
from raspberry roots production 2015)
macrophages
oot for 2, | | el dea
Gastrointestinal bioaccessible 300 ng/mL for 2, a ! -| Ibal and TNF-a (Garciaetal.,
y 4,6,24h §
fraction of raspberry 4,6,24h _— h . expression and NO 2017)
In vitro: N9 microglial "
production
cells
12.5-25-50-100
10 ng/mL for 10 or pg/mL for 4 or 24 h -} NO production, (Azofeifaetal.,
Blackberry extract In vitro: J774A.1 iNOS and IL-6 levels 2013)
murine macrophage
Blackberry 0.4 mg flour eg/ml for
48h (Choe et al.,
Seed flour extract 10 ng/mL for 4 h In vitro: J774 mouse -} IL-1B 2020)

macrophages
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20 pg/mL for 12 h

In vitro: Bone
marrow-derived
. . macrophages prepared (Leeetal,
Anthocyanin fraction 100 ng/mL for3 h from bone marrows -} ROS, IL-1B 20143)
isolated from Nrf2
wild-type and Nrf2
knockout mice
0-20 pg/mL for 12 h
. . 100 ng/mL for 3- Y -} TNF-o, NF-kB, (Leeetal,
Anthocyanin fraction 24h In vitro: RAW 264.7 IL-1 20143)
macrophages
anthoeyanin-and 1 pghmifor 24-h cyanidin-3-Ogluceside | -1 NOANOSCOX-2 Rodriguez et ak;
proanthoeyanidinrich-fractions i RAW 264.7 2010)
macrophages

Anthocyanin-enriched fractions
from blackberry beverages

1 pg/mL for24 h

100 pM C3G for 24 h
In vitro: RAW 264.7
macrophages

-1 NO, TNF-q, NF-kB

(Garcia-Diaz et
al., 2015)

Anthocyanins (ANC) and
proanthocyanidins (PNC) from

1 ug/mL for 24 h

25,50, or 100 uM
C3G (for ANC) or
with
epicatechin (for PAC)

-1 NO, iNOS, COX-2,

(Johnson et al.,

fermented blackberry beverages equivalents for 24 h NF-kB 2013)
In vitro: RAW 264.7
macrophages
Blackberry crude extract,
anthocyanin-enriched 1 ne/mL for 24 Insi)/i?rgo/'mF?Aﬂ)V\; 22;7 -} ROS, NO, iNOS, (Van de Velde
fractions, proanthocyanidin- hg/mL for maéro hages - COX-2, IL-1B, IL-6 etal., 2019b)
enriched fractions pnag
0-100 pg/ml for 6-16
h
itro: -
e 25-ngimitor6-16 MWQ—W g ;
h peripheral-blood H-CcoX-2 2009)
mononuclear
leuk 1
-} TNF-q, interferon-
induced protein with
tetratricopeptide
0-100 pg/mL for 16 h repeats 1 and 3,
Cranberr_y extract or cranberry 10 ng/mL for 6 h In vitro: THP-1human macrophage (Hannon etal,
juice powder 2016)
monocyte cells scavenger receptor 1
and colony-
stimulating factor 2
expression
9 50-100-500 pg/mifor
ethanol; water-soluble . 5h (Vanetal.,
polysaccharide;-polyphenolic Lgimbovermight | . o AW 2647 | HHBHEETNFe 2009)
and-ETOAe/H.0) macrophages
50, 100 and 150
Cranberry crude extract and 1 ug/mL for 4 h pg/mL for 5 h -] IL-1B, IL-6, COX- (Grace et al.,
polyphenol-rich fraction HO In vitro: RAW 264.7 2,iNOS 2014)
Cranberry macrophages
2-12 pg gallic acid
Non-extractable polyphenols eg/mL for 24 h -] iNOS, p50/PARP (Hanetal.,
fraction Tug/mLfor24h | ) i RAW 264.7 -t HO-L, Nif2 2019)
macrophages
0.45-1.8 pg/g volatile
fraction for 1 h
. . 100 ng/mL for 24 | 636-159 ug/g phenolic R (Moore et al.,
Phenolic and volatile extracts h fraction for 1 h | NO 2019)
In vitro: RAW 264.7
macrophages
30 or 100 pg/mL for
24h
. In vitro: J774 -} NO, iNOS, COX-2, (Kylli etal.,
Phenolic extracts 10 ng/mL for 24 h macrophages and IL-6, IL-16, TNF-a. 2011)
human THP-1
promonocytes
(Madrigal-
Cranberry proanthocyanidins 100 ng/mL for 4 h 0.5-2.0% viv for 2 h -LINOS. COX-2 Carballo et al.,
e
different ratio (0.5:1.0 -] COX-2,iNOS (Carballo et al.,

Proanthocyanidins fraction

100 ng/mL for4 h

10 2.0:1.0)
In vitro: RAW 264.7

expressions

2017)




macrophages

A-type-cranberry 1-2h

proanthocyanidins LHg/mlAford-2 In-vitro:-monocyte- MMP-7 MMP-8; (La-etal2009)
de .VEd i 99 3995 AALLS gv AALLS 13
25-50 pg/mL for 2 h

A-type cranberry

1 ug/mL for 24 h

In vitro: monoblastic

-} IL-1B, TNF-q, IL-

(Feldman et al.,

Blackcurrant

proanthocyanidins leukemia-derived 6, IL-8 2012)
macrophages
-] granulocyte
colony-stimulating
25-50 pg/mL for 2 h factor, CXC-
A-type cranber In vitro: a 3D co- chemokine ligand 1, (Lombardo
roa};':hoc anidirr)lls 1 pg/mL for 24 h culture model of IL-6, IL-8, interferon- Bedran et al.,
p 4 gingival epithelial v inducible 2015)
cells and fibroblasts protein-10, monocyte
chemoattractant
protein-1 expressions
status and total
5 0.9 of phenolics-and
05 BW.E atherogenic-diet-for6 SOD-aetivity i :
Cranberry-powder . weeks ¢ N
12 h iv6:S erythrocytes 2014y
Dawley-rats thiobarbituric acid-
reactive-substances
content
5-10 % of the diet for -1 serum HDL level
Y 18 h In vivo: Sprague- cholesterol, CRP, IL- 2011)
I i sl
6 weeks -} serum total
y e e B ———
Ggls‘th—SJ‘d'bldb g i i g T
mice carbonyl-content
levels
0, 5and 25 pg/mL for
2h o
Blackcurrant extract or 1 pg/mL for 24 h In vitro: monoblastic- - IL6 (Desjardins et

cyanidin-3-O-ge lucoside

leukemia derived
macrophage-like cells

al., 2012)

10-50-150 pg/mL for

Blackcurrant-enriched 24h -} PGE2,ROS, IL-6, | (Menghini etal.,
formulation 1 pg/mL for 24 h In vitro: U937 IL8, TNF-a 2014)
macrophages
20 pg/mL for 12 h
In vitro: Bone
marrow-derived
. . macrophages prepared R = (Leeetal,
Anthocyanin fraction 100 ng/mL for 3 h from bone marrows | ROS, IL-1B 2014a)
isolated from Nrf2
wild-type and Nrf2
knockout mice
~ 0-20 pg/mL for 12 h a g g
Anthocyanin fraction 100 ngéTh for3 In vitro: RAW 264.7 ! TNII:LO_"lI;F kB, (Lzeglafaa)l.,
macrophages
thocya chextract 24-h Hr-vitro—menoeytic ;A!; 2009)
THP-1 cells
blood-collect AF } and 25%-in-ce i edia-fo
. o e 50-ng/mbkfor 3,6, 30-min TNE-oIL-6 (Lyalletal;
Sud . ¢ N THP-1cells
B
before-and-2-after
500 for2 exercise)
f blood-colected-prior ) ' 2069




R79

R80

R81

180-g/kg-of-diet-for 7

Blackeurrant powder oh vor FA
vivo:- C56/BLE different organs 2019)
100 pM for 24 h . .
Barberry polyphenol-extract 5 pg/mL for 24 h In vitrctl: RAW 264.7 L NO’.;.EQS’ IL-10, (Reyes-Farias et
-0 al., 2015)
macrophages
-1 NO, iNOS, TNF-q,
50, 100, 200 pg/mL IL-6, IL-1B, IFN-y,
Barberry for12h RANTES, MCP-1, | (oo o)
Barberry extract 1.5 pg/mL for 16 h In vitro murine NF-Kb, p-c-Jun,p- 2018) .
peritoneal ERK, p-JINK
macrophages -1 Nrf2, heme
oxygenase-1, IL-10
20 uM for 24 h (Liuetal
Jamun berry Jamun phenolics extract 1 pg/mL for12h JAnvitro: RAW 264.7 -l ROS Prosten
macrophages o

TABLE 2. Effects of different berries on LPS-stimulated inflammatory models: in vivo studies
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Dosage of LPS

Dosage of berry and

Berry Extracts/Fraction/Component induced testing System Biological response Reference
100, 50, 25 and 12.5
1g/mL for 24 h
Ex vivo: macrophages
Eldabany ‘Methanolic extract 0.5 pg/mL for 24 h -LNO
intraperitoneally
injected with 20 mg
LPS
200,400,800 mgrkg | I ALE,
5 ma/kg BW i.p. BW for12h T T r— (Huang et al.
LBP it In vivo: S . and Keapl in kidneys 2019
injection Dn vivo: Sprague 1 N2, HO-1. NOOL )
awley male rats -1 Nrf2, HO-1, NQO1
in kidneys
-l IL-1B, I1L-6, IL-8
Wolfberry or Goji 200,400,800 mgrky | AOEeTEKBAC -
berry 5 mg/kg BW i.p. BW for 6, 12, 24,48 h IS Wu et al.
LBP PR P -1 NF-kB and Keapl
injection In vivo: Sprague- in kidnevs 2020)
Dawley male rats N Jreses
-1 Nrf2, HO-1, NQO1
in kidneys
5 malka BW i.p. 200 mg/kg BW for '—l_ IL-6, TNF-a, lung Chen et al.
LBP J_g—gin'ection ) 24h _ injury and pulmonary (—lZOlB]
injection In vivo: C57BL/6 mice edema
50 mg/kg BW for 4-24
. . h -] TNF-a and IL-6 in Rao et al.
Emblic Amla fruit exiract 2mg/kg BW In vivo: male Wistar serum 2013)
rats
10-100 pg/mL for .
1 pg/mL for 24-48 3 h (prevention) aﬁmﬁse
Lingonberry Lingonberry extract h (prevention) 24-48 h (reversal) *\W Pacheco et al.
1ug/mL for3h Ex vivo: Primary activity 2018
(reversal) astrocytic cultures 1 viability. thiol
f n content and SOD
rom Wistar rats
50 mg/kg/day for 7
days
Black chokeberry ethanolic In vivo: male ICR -1 iNOS, COX-2 (Leeetal.
Chokeberry extract 250 ugkg mice received TNF-a 2018)
a single intraperitoneal
injection of LPS
-1 body weight loss,
lung tissue
200, 400 and 800 microstructure
Seabuckthorn Seabuckthorn berries paste 10 mg/kg BW. Imq/_kq.BW for 7 days lesions tra_nsvascular (Du et al., 2017)
n vivo: male SPF KM leakage increase
mice malondialdehyde
augmentation
-1 SOD, GPx. Nrf2
Grape GSPE 7 mg/kg BW 50, 75, 100 and 200 -1 NO level in the Pallares et al.
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mg/kg/day BW for 15
days

In vivo: Wistar female
rats

plasma, red blood

cells, spleen, and
liver;

-| TNF-o and IL-10 in
plasma;

-| hepatic level of IL-

6, iNOS, glutathione

disulfide/total

2013

glutathione
-| TNF-a in plasma
75and 375 mg/kg BW MPO. COX-2
GSPE 0.3 mg/kg BW for for 15 days ROS in the small and Gil-Cardoso et
5 days W large intestinal al. 2019
I sections
100-500 mg/kg BW
. for24 h -1 NF-kB, iNOS. (Nishiumi et al.
Redang white CE 10 nutky BW In vivo: COX-2 in liver 2012)
Sprague—Dawley rats
0, 100, or 300 .
P ———— -| phospholipases A2
g/kg/day P -
GE 3-15 ma/kq BW metk /(dfeefsw fors activity in serum; (Tsaoetal.,
GE o-10 Mg/Kg BW Weeks o
In vivo: - 1 hematocrit in 2012
Sprague—Dawley rats seum
0.5 ma/kq BW one -1 NF-xB in whole
.5 mg/kg
GPE i.p. injection or 4% of diet for 4 weeks abdom%mneal (Miller etal.,
e b
0-2f5 mlq/kq EW An vivo: mice regions of interest 2018 [ ha formattato: Tipo di carattere: Corsivo
for - weex -L TNF-q, IL-6 serum
46 g two times a day
for 3 weeks
Ex vivo: monocyte
populations in the
10 pg/L for 24, 48 peripheral blood o ] Zunino et al.
GPE and 72 h mononuclear cells IL-1.1L-6 2014)
obtained from blood
samples of healthy
obese male and female
volunteer
200 nM for 6-12 h
Ex vivo: cortical
Resveratrol 3 pg/mL for6-12 h networks of neurons -1 TNF-a GUZH(;)l(;t al.
astrocytes and 2017)
microglia
10 ma/ kg BW, once
. every 2 days, for 6 -| inflammatory
y . (Wang .
Resveratrol 10 F‘,rélsoo L days arthritis, PGE2 az%lit} al
I In vivo: New Zealand MMP-3, MMP-13
white rabbits
0, - - -
oosgrainin | 2N IO PO TR0 TR T
Polyphenol rich pomegranate injection, twice Tor 4 weeks e BAX = (Guptaetal.,
extract We(ill;:eekfsor 4 In vivo. male swiss -1 Nrf2, Bcl-2, heme- 2019
— albino mice oxygenase-1
12.5, 25, 50 mg/kg -l NF-kB, TLR-4
Punicalagin 20 mg/kg BW for BWforlh TNF-a, IL-6, IL-1B, (Peng et al.
Funicaiagin 7h In vivo: Male BALB/c myeloperoxidase in 2015
mice lung
-l memory
impairment
.5 mg/kg y By .
L mfolrk4 V?::kgt = =L NF-kB in brain
. . 250 pg/kg 7 times e—— -1 amyloid beta;.s, (Kimetal.
Pomeqranate Punicalagin a day, for 1 week im%rol generation in brain 2017)
Imprinting control :
PR reqion mice -1 amyloid precursor
fegion mice protein, beta-secretase
1in brain
9 ma/kg BW at day,
-1 Nrf2, GSH, SOD
. . 600 pg/kg BW at for 7 days - (Rao et al.
Punicalagin day, for 7 days In vivo: Male ICR w 2016)
mice -1 fertility indices
-| serum creatinine
and neutrophil
gelatinase-associated
. . / - - ( .
puricalagin S s ot
- =L 1L-18, TNF-q, IL-
6, MDA, NO

Bax/Bcl2 ratio, iNOS,




caspase 3, caspase 8
and caspase 9 in
kidneys
-| histopathological
injury and molecule-1
expression in kidneys.

-| plasma alanine
transaminase
Lmo/kg BWon | 55 450 50 mojkg at aspartate
. . the 2" and 7" day . . Luo et al.
Bilberry Bilberry extract of bilben day for 7 dgys transaminase: 2014
*rylrealmem In vivo: Mice -] liver NOS, TNF-a.
E—— IL-1B, IL-6, NF-xB
MDA, NO
-l serum
transaminase, alanine
transaminase
4 g/kg BW at day for aspartate
Chilean white strawberry 5 ma/kg BW for 3 10 days transaminase; Molinett et al.
agueous extract h In vivo: Male Sprague- -1 serum TNF-q, IL- 2015)
Dawley rats 18, 1L-6, IL-10;
-1 liver
Strawberry GSHiglutathione
disulfide ratio
Four servings of
frozen strawberries
. 10 pa/L for 24, 48 per day for 3 weeks (Zunino et al.
Freeze-dried strawberry powder 2h Ex vivo: peripheral -1 TNF-a 2015)
blood mononuclear
cells
1% of diet for 5 weeks
Ex vivo:
100 ng/mL for 16 thioglycollate-elicited . (Xie et al.
Blueberry extract h peritoneal -l TNF-q, IL-6 2011)
macrophages from
apoE” mice
-1 glomerular
filtration rate, renal
2 % of diet, for 2 days, | blood flow in kidney;
Blueberry Blueberry powder 10 ma/kg BW, for once at days -| renal vascular Nair et al.
R 6h In vivo: Sprague- resistance, ROS 2014
Dawley rats superoxide, TLR4
TNF-a, kidney injury
molecule-1
4 % of diet/day, for 8-
Freeze-dried whole blueberry 1 pg/mL for 24 - Ex vivlioz' ‘;VEIZEZC tes - IL-1p, IL-6, TNF-o Lewis et al.
powder 48h isolated from 2018)
C57BL/6 mice
0-10 pg/mL for 4-24 h
Ex vivo: Murine bone
marrow-derived
dendritic cells
a-mangostin 100 ng/mL for 4- generated from the JM;’;‘%‘M Herrera-Aco et
(emangostin 24h bone marrow cells of _—‘EO al., 2019
the tibia and femur of ZL-10
7 to 8 week old male
BALB/c mice fed with
Mangosteen a-mangostin
2 mg/kg BW, 3 %‘?t—da}l translocator protein (Nava Catorce
a-mangostin daily injections at Inmnlale ionized calcium- etal. 2016
24 h-intervals (W&]mice binding adapter etal., 2016).
e molecule 1
. 20 mg/kg or 50 mg/k
a-mangostin and ground 100 ng/kg BW 20 Ma/kg 0720 ma/kg -] TNF-o, IL-6.
dried pericarp Garcinia administered J%rsl;;if7 depressive U‘O%Stal“
mangostana Linn subcutaneously ’ behavuiours
Dawley rats
-1 plasma antioxidant
status and total
5 phenolics and
0.5 mg/kg BW for J—amem%f” = frlagggfcf:?s?; (Kimet al
R - V] .
Cranberry Cranberry powder 12h . Viv\s{egkfa . ervihrocytes 2014)
Dawley rats =L serum

thiobarbituric acid-
reactive substances
content

[ ha formattato: Tipo di carattere: Corsivo
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5-10 % of the diet for

-1 serum HDL level

Cranberry powder 0.5 mg/kg BW for 6 weeks -| serum total (Kimetal.
{ranberry powder 18h In vivo: Sprague- cholesterol, CRP, IL- 2011)
Dawley rats 1B. IL-6 levels
-1 serum HDL level
5-10 % of the diet for antioxidant capacity
6 weeks -| serum total
Cranberry powder 0.5 mg/kg BW for In vivo: obese diabetic choles@erpl (Kim et al.
Tanberry powcer homogeneous atherogenic index 2013c)

C57BL/KsJ-db/db

glucose, insulin, GPx

mice carbonyl content
levels
100 uM for 24 h . .
Barberry polyphenol-extract SugmLfor24h | Invitro: RAW 2647 | =LNO-NOS.IL-10. NO‘%EES e
-0 al., 2015
macrophages
-1 NO. iNOS, TNF-q.
Barberr 50, 100, 200 pg/mL IL-6, IL-1B. IFN-y
Baroerry for12h RANTES, MCP-1 Sharma et al
Barberry extract 1.5 pug/mL for16 h In vitro murine NF-Kb, p-c-Jun,p- (—12018 -
peritoneal ERK, p-JNK 2018)
macrophages -1 Nrf2, heme

oxygenase-1, IL-10




