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ABSTRACT

Antioxidant testing of natural products has attracted increasing interest in recent years,
mainly due to the fact that an antioxidant-rich diet might provide health benefits. Acti-
vated macrophages are a major source of reactive oxygen species, reactive nitrogen spe-
cies, and peroxynitrite generated through the so-called respiratory burst. Constitutively
released proinflammatory cytokine, especially tumor necrosis factor-a, triggers nuclear
factor-«B, and activator protein-1 translocation leading to the over production of reactive
oxygen species and reactive nitrogen species in macrophages. Activation of transcription
factors in the long-lived tissue-resident macrophages and/or monocyte-derived macro-
phages, trigger epigenetic modifications leading to the pathogenesis of chronic diseases.
Nutraceuticals including lipid raft structure disruption agent, cholesterol depletion agent,
farnesyltransferase inhibitor, nuclear factor-«B blocker (a,B-unsaturated carbonyl com-
pounds), glucocorticoid receptor agonist, and peroxisome proliferator-activated receptor-y
agonist have long been used to inactive macrophage. The inhibition effects on the for-
mation of nitric oxide, superoxide, and nitrite peroxide may be responsible for the anti-
inflammatory functionalities. Activated macrophage models could be used to identify
the active components for functional diets development through a multiple targets
strategy.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Oxidative stress and chronic diseases

The operational definition of oxidative stress is given by Lush-
chak [1] as “a situation when steady-state reactive oxygen
species (ROS) concentration is transiently or chronically
enhanced, disturbing cellular metabolism and its regulation,
and damaging cellular constituents.” Reactive free radicals,
including superoxide, hydroxyl radical, and peroxyl radical,
generally result in degradation of protein, lipid peroxidation,
and oxidation of DNA, which have possible linkage with many
chronic diseases, such as diabetes, cancers, and atheroscle-
rosis. ROS play an important role related to the degenerative
or pathological processes of various serious diseases, such as
age-related diseases, coronary heart disease, Alzheimer's
disease, neurodegenerative disorders, cataracts, and inflam-
mation [2].

1.1. Reactive oxygen species

ROS is a collective term that includes both oxygen radicals
and certain nonradicals that are oxidizing agents. In physi-
ological conditions, mitochondria are the major source of
intracellular ROS. Hyperglycemic conditions increase elec-
tron flux through the respiratory chain in mitochondria
stimulating the formation of ROS. The key enzyme for ROS
production in cells is NADPH oxidase. NADPH oxidase is a
multisubunit enzyme comprising membrane and cytosolic
component, which responses to environmental and micro-
nutrient stimulants. The NADPH oxidase-mediated release of
ROS in macrophages, also called respiratory burst (sometimes
called oxidative burst), leads to the elimination of invading
microorganisms [3]. Under unstimulated conditions, the
multidomain regulatory subunits, p40phox, p47phox, and
p67phox, exist as a complex in the cytosol. Upon stimulation,
p47phox undergoes phosphorylation, translocates to the
membrane to activate NADPH oxidase and produces super-
oxide [4]. In human monocytes and murine macrophages
PI3K and protein kinase C (PKC) pathways are involved in
NADPH oxidase stimulation. This mechanism triggers ERK1/
2, p38 mitogen-activated protein kinase (MAPK) and nuclear
factor (NF)-xB, which terminates in the activation of mono-
cytes and proliferation of macrophages [5].

1.2 Reactive nitrogen species

Reactive nitrogen species oxidize proteins and nucleic
acids. In addition to producing ROS, the mitochondrial
respiratory chain is capable of producing nitric oxide (NO)
[6]. Inducible NO synthase (iNOS) is a key enzyme in the
macrophage that is potently induced in response to proin-
flammatory stimuli. Macrophages are activated by inter-
feron-y and microbial products such as lipopolysaccharides
(LPS), leading to production of proinflammatory cytokines
and high levels of NO. NO is a potent molecule involved in
critical macrophages functions such as cytotoxicity against
intracellular pathogens, viruses and tumors, and immune
regulation [7].

1.3. Reactive carbonyl species increase nitric oxide and
superoxide generation

An increase in steady-state level of reactive carbonyl species
(RCS) may cause carbonyl stress. Methylglyoxal (MG) is one of
the most studied RCS formed during glucose, protein and fatty
acid metabolism and is increased especially in hyperglycemia
conditions. An excess of MG formation can increase ROS for-
mation and advanced glycation end products, and cause
oxidative stress. RCS including MG and advanced glycation
end products are also associated with the age-related diseases
such as cardiovascular complications of diabetes, neurode-
generative diseases, and connective tissue disorders through
increasing oxidative stress [8].

1.4.  Macrophages are the major sources of oxidative
stress

In macrophages NO is synthesized by iNOS; while superoxide
is mainly produced by NADPH oxidase. The reaction of
superoxide with NO leads to the formation of peroxynitrite
in vivo. This iNOS-derived peroxynitrite results in nitro-
tyrosine formation, increased antibacterial activity, and
cytotoxic actions of macrophages [9]. Recent evidence in-
dicates that peroxynitrite contributes most of the cytotoxicity
of resident macrophages. Peroxynitrite interacts with lipids,
DNA, and proteins via direct oxidative reactions or indirect
radical-mediated mechanisms. These reactions trigger
cellular responses ranging from subtle modulations of cell
signaling to overwhelming oxidative injury. In vivo, perox-
ynitrite generation has been attributed to inflammatory dis-
eases such as stroke, myocardial infarction, chronic heart
failure, diabetes, circulatory shock, cancer, and neurodegen-
erative disorders [10].

2. Epigenetic mechanism for disease
pathogenesis
2.1.  Tissue-resident macrophages

Tissue-resident macrophages are nonspecific killer cells that
eliminate bacteria, foreign bodies, dead cells, and debris and
recruit monocyte/macrophages in response to inflammatory
signals. Specialized tissue-resident macrophages include
osteoclasts (bone), alveolar macrophages (lung), histiocytes
(interstitial connective tissue), Kupffer cells (liver), Langer-
hans (skin), microglia (brain), and mesangial cells (kidneys).
Tissue-resident macrophages may initiate the inflammatory
response depending on the nature of the insult and its
magnitude [11].

2.2. Macrophage activation and inflammation

Macrophages are differentiated into phagocytes with immune
and homeostatic functions. Macrophages can either be clas-
sically (M1) or alternatively (M2) activated dependent on the
stimulus and the resulting phenotype of the cell. Classical
activation (M1) of macrophages by LPS through Toll-like
receptor 4 (TLR4) has been well characterized. An alternative
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pathway of macrophage activation by the TH2-type cytokines
interleukin-4 (IL-4) and IL-13 account for a distinctive macro-
phage phenotype with a different role in humoral immunity
[12]. Inflammatory stimuli are often sensed by macrophage
receptors, resulting in the activation of downstream signaling
cascades. Monocytes are recruited to sites of inflammation
and terminally differentiate into macrophages. These
monocyte-derived macrophages are the key constituent of
inflammatory environments [13].

2.3. Role of macrophage in chronic diseases

2.3.1. Skeletal system: osteoclasts

The deregulation of bone remodeling, mediated by bone-
forming osteoblasts and bone-resorbing osteoclasts may
cause skeletal pathologies. Skeletal deformities are mostly
reported in the bones, joints, and teeth. Most of the skeletal
anomalies originate from aberrant cartilage and bone devel-
opment. Primary inflammatory processes, including osteo-
porosis, rheumatoid arthritis, and periodontitis, secret
proinflammatory cytokines such as tumor necrosis factor
(TNF)-q, IL-1B, and NO in the extracellular matrix of cartilage
and bone. These cytokines are produced by the activated os-
teoclasts [14].

2.3.1.1. Osteoporosis. Osteoclasts are bone-resorptive cells
that adhere to the bone surface and secret protons by the
vacuolar HT-ATPase pump. The bone minerals dissolve in the
acidic environment of the extracellular space, paving the way
for lysosomal proteases to degrade the organic components of
the bone matrix [15]. Increases in mitogen-activated protein
kinase NF-«B ligand (RANKL) mRNA expression and protein
production increase the RANKL/OPG ratio and stimulate the
differentiation of macrophage precursor cells into osteoclasts.
They also stimulate the maturation and survival of the oste-
oclast, leading to bone loss. The differentiation of bone mac-
rophages, osteoblasts and osteoclasts is accompanied by
profound changes in gene expression. Histone deacetylation
and DNA methylation are found to downregulate the expres-
sion of several genes that are closely associated with osteo-
blast differentiation [16].

2.3.1.2. Periodontitis. Periodontitis is an inflammatory disease
characterized by periodontal pocket formation and alveolar
bone resorption. Periodontal bone resorption is induced by
RANKL, which is a central regulator of osteoclast development
and function. The osteoclast, the principal bone resorptive
cell, differentiates from monocyte/macrophage precursors
under the regulation of the critical cytokines macrophage
colony stimulating factor, RANKL, and osteoprotegerin. Mac-
rophages promote bone loss through upregulated production
of proinflammatory mediators and activation of the RANKL
expression pathways [17].

2.3.1.3. Rheumatoid arthritis. Rheumatoid arthritis is a com-
mon autoimmune chronic inflammatory joint disease, char-
acterized by macrophage infiltration, proliferation of synovial
fibroblasts, and joint destruction. These cells of the innate
immune system possess broad proinflammatory, destructive
and remodeling capacities, and considerably contribute to

inflammation and joint destruction both in the acute and
chronic phases of rheumatoid arthritis [18]. Overexpression of
major histocompatibility = complex class I, gran-
ulocyte—macrophage colony-stimulating factor, proin-
flammatory cytokines and chemokines, metalloproteinases,
and neopterin were frequently observed in the activated
osteoclast [19].

2.3.2.  Brain: microglia

Resident microglia and infiltrating monocytes play the vital
role in central nervous system (CNS) autoimmune diseases
[20]. The infiltrating monocytes are critical for the effector
phase of autoimmune CNS inflammation, whereas microglia
activation is required for monocyte recruitment to the CNS.
Upon prolonged inflammation, microglia change their
morphology towards an amoeboid shape. In addition to the
morphological differentiation, several surface markers, such
as F4/80 or Mac-1, which is typical for activated macrophages,
are upregulated [21]. Interferon (IFN)-y and LPS polarize
microglia towards the activated state and increase the
expression of proinflammatory factors such as iNOS leading
to the pathogenesis.

2.3.3.  Liver: Kupffer cells

Kupffer cells are resident macrophages of the liver and play an
important role in the acute and chronic responses of the liver
to toxic compounds. Activation of Kupffer cells directly or
indirectly by toxic agents results in the release of inflamma-
tory mediators, growth factors, and reactive oxygen species.
This activation appears to modulate acute hepatocyte injury
[22]. Kupffer cells may act both as effector cells in the
destruction of hepatocytes by producing harmful soluble
mediators as well as antigen presenting cells during viral in-
fections of the liver. Their role in fibrosis is well established as
they are one of the main sources of transforming growth
factor B1 production, which leads to the transformation of
stellate cells into myofibroblasts [22].

2.3.4. Pancreatic islet: resident macrophages

The classically activated macrophages that respond to intra-
cellular pathogens by secreting proinflammatory cytokines
and ROS, which initiate insulitis and pancreatic cell death
during type 1 diabetes. Macrophages are involved in the final
stage of autoimmune-mediated B-cell destruction. Classically
activated macrophages are induced by stimulation with Th1-
cell-derived IFN-y and LPS. They respond to microbial infec-
tion with an enhanced phagocytic microbicidal capability
through the expression of the cell adhesion molecules (CAMs)
marker and iNOS, which catalyzes the conversion of L-argi-
nine into ROS, such as NO [23].

2.3.5. Adipose tissue: macrophages

2.3.5.1. Insulin resistance. Obesity has been associated with
several health disorders, such as type 2 diabetes, atheroscle-
rosis, fatty liver disease, and certain forms of cancer. Among
them, type 2 diabetes and atherosclerosis are well discussed.
Abdominal visceral adipose tissue is correlated with insulin
resistance. Proinflammatory cytokines such as TNFa, IL-18,
and monocyte chemoattractant protein-1 as well as free fatty
acids have been reported to impair insulin signaling. The
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enlarged adipocytes of obese individuals recruit macrophages
and promote inflammation and the release of a range of fac-
tors that predispose toward insulin resistance [24]. The adi-
pose tissue enlarges significantly during the development of
obesity and induces hypoxia in inner part of the adipose tis-
sue. Prolonged exposure of the adipocyte to hypoxia might
lead to cell death, recruitment of inflammatory monocyte-
derived macrophages, and release of proinflammatory cyto-
kines. In obesity, muscle inflammation is induced by
increased production of TNFe, IL-1B, and IL-6 secreted from
accumulated intramuscular adipose tissue and thus contrib-
uting to the development of insulin resistance [25].

2.3.5.2. Atherosclerosis. It is postulated that foam cells in the
early atherosclerotic lesion are derived from the monocyte-
derived macrophages in the artery wall. Evidence supports
that over-activated macrophage in blood vessel is the major
and direct cause of atherosclerosis. These inflammatory
macrophages secrete proatherosclerotic cytokines (such as IL-
6 and IL-12), ROS and reactive nitrogen species that exacerbate
oxidative stress in the plaque formation [26].

3. Targets for natural products in epigenetic
diets

It is well known that the lipid composition of cell membranes
and lipid raft can be modified by various dietary lipids. n-3
Polyunsaturated fatty acids (PUFA) may regulate gene
expression through interacting with nuclear receptors and
transcription factors. The incorporation of n-3 PUFA into cell
membranes can change the structure of lipid rafts and intra-
cellular signaling processes [27]. An n-3 PUFA (docosahexae-
noic acid) was reported to inhibit NF-kB activity through
mediating signaling pathways that control the transcriptional
activation of genes. All these data indicate that foods are
important determinants of epigenetic functions and can exert
variable effects on endogenous regulatory mechanisms [28|.

3.1. Lipid raft disruption

3.1.1. Lipid raft structure disruption agent

Lipid rafts are microdomains of the plasma membrane
enriched in cholesterol and sphingolipids, and play an
important role in the initiation of many pharmaceutical
agent-induced signaling pathways. Disruption of lipid rafts
impairs the production of nitric oxide and TNF-« production in
lipopolysaccharide-stimulated murine RAW264.7 macro-
phages [29]. Depletion of cholesterol can result in lipid rafts
disruption and deactivate raft-associated proteins, such as
death receptor proteins, protein kinases, and calcium chan-
nels. Lipid raft disintegration with a cholesterol-depleting
agent, methyl-B-cyclodextrin results in dysregulated MAPK
signaling through ERK 1/2, and attenuated production of TNF-
o production in macrophage THP-1 cells [30].

3.1.1.1. Lycopene. Evidence suggests that lycopene may
reduce intracellular levels of cholesterol in murine macro-
phage cell line J774.1 and human macrophage cell line THP-1
by inhibiting HMG-CoA reductase activity and expression.

Lycopene was found to inhibit LPS-induced productions of NO
and IL-6 in murine RAW264.7 macrophages by mechanisms
related to inhibition of ERK and NF-kB. Zou et al [31] found that
pretreatment of RAW264.7 cells with lycopene may inhibit
LPS-induced recruitment of TLR4 into lipid raft. TLR4 are
recruited into lipid rafts in response to LPS stimulation to
cause NF-«B activation.

3.1.1.2. Resveratrol. Resveratrol (trans-3,4,5-trihydroxystilbene),
a polyphenolic phytoalexin found in grapes, fruits, and root
extracts of the weed Polygonum cuspidatum, exhibits anti-
inflammatory, cell growth-modulatory, and anticarcinogenic
effects. Resveratrol downregulated the expression of iNOS and
the secretion of IL-6 in LPS-stimulated RAW264.7 cells through
the inhibition of the translocation of NF-kB p65 from the
cytoplasm to the nucleus. Resveratrol also suppressed TNF-
induced phosphorylation and nuclear translocation of the
p65 subunit of NF-«kB, and NF-kB-dependent reporter gene
transcription. Endocytosis of resveratrol via lipid rafts is
responsible for the above-mentioned activation of down-
stream signaling pathways [32].

3.1.2.  Cholesterol depletion

The 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitors, statins, are potent inhibitors of choles-
terol synthesis and have wide therapeutic use in cardiovas-
cular diseases. HMG-CoA reductase is the key enzyme for
cholesterol synthesis in mevalonate pathway in oxidized low-
density lipoprotein-induced macrophage [33]. Monacolin k, an
important metabolite of Monascus sp., was shown to be able to
inhibit the synthesis of cholesterol. The critical reaction in the
pathway of cholesterol synthesis is the formation of meva-
lonic acid from HMG-CoA by HMG-CoA reductase. Monacolin
k is structurally similar to HMG-CoA and plays a role as a
competitive inhibitor, which competes with HMG-CoA and
reduces the synthesis of cholesterol [34].

Itis well established that stimulation of macrophages with
lipopolysaccharide (LPS) and/or IFN-y results in the over
expression of iNOS and excess NO formation. However, recent
evidence suggests that monacolin k inhibits formation of NO
in murine RAW 264.7 cells. Andrographolide, a labdane
diterpenoid contains a y-lactone ring, is the main active con-
stituent of the plant, Andrographis paniculata [35]. Androgra-
pholide shows a potent anti-inflammatory effect in LPS-
stimulated RAW264.7 macrophages by inhibiting STAT3-
mediated suppression of the NF-kB pathway. Andrographo-
lide has spatial structural similarity with monacolin K, and
therefore may inhibit cholesterol biosynthesis by the same
mechanisms.

3.1.3. Farnesyltransferase inhibitors

Farnesylation of Ras proteins is required for the activation of
their downstream oncogenic proteins, including MAPKs (ERK,
JNK, and p38) and Akt signaling leading to the regulation of
osteoclast precursor proliferation. Farnesyltransferase trans-
fers a farnesyl moiety from farnesyl pyrophosphate onto a C-
terminal cysteine residue of Ras proteins [36]. As farnesyl-
transferase (FTase) is the key enzyme for the Ras proteins
farnesylation, the inhibition of its activity could specifically
stop Ras-mediated cellular proliferation. It is well established
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that NF-«B ligand (RANKL) is essential for inducing osteoclast
differentiation through the MAPK activation. Bisphospho-
nates, typical FTase inhibitors, were found to inhibit protein
farnesylation leading to an inactivation of downstream
signaling pathways in J774 cells and osteoclast-like cells [37].

FTase inhibitors have mainly been used in cancer therapy
and can be used for the treatment of other diseases. Many
FTase inhibitors have been isolated from natural products,
which possessed inhibitory activity against FTase. Dudakovic
et al [38] reported that inhibition of the mevalonate pathway
by statins and tocotrienols suppresses the prenylation of
GTPase binding proteins, inhibits the activity of osteoclasts.
Certain farnesyl pyrophosphate analogues, such as 3-
allylfarnesol, geraniol, farnesol, and geranylgeraniol, are also
potent inhibitors of mammalian FTase.

3.2. NF-«B blockage

3.2.1. a,B-unsaturated carbonyl compounds

Phytochemicals with a reactive o,p-unsaturated carbonyl
group have been linked with antioxidant, anti-inflammatory,
anticancer, antiviral, antibacterial, and antidiabetic proper-
ties. Numbers of phytochemicals which contain «,B-unsatu-
rated carbonyl moiety or diketone groups were found to show
potent anti-inflammation activities. Natural active compo-
nents such as curcumin, okanin 2e-hydroxyl-3p-ange-
loylcinnamolide and helenalin were found to inhibit NF-«xB
translocation in macrophage. Helenalin inhibits the activation
of NF-kB through the alkylation of the p65 subunit of NF-«B
[39].

3.2.2.  Glucocorticoid receptor agonist

Evidence from tissue culture, animal, and clinical studies
suggests that hundreds of triterpenoid-rich plants in nature
have the potential to be applied for inflammatory diseases.
Pentacyclic triterpenes, including avicins, betulinic acid, bos-
wellic acid, celastrol, diosgenin, madecassic acid, maslinic
acid, momordin, saikosaponins, platycodon, pristimerin,
ursolic acid, and withanolide belong to the cyclosqualenoid
family, are widely used in Asian medicine [40]. Based on the
structural similarity to glucocorticoid, these triterpenes can
bind to the glucocorticoid receptor (GR), and induce its nuclear
translocation and cause inhibition of GR-driven NF-kB activ-
ity. A pentacyclic terpene could be classified as nonsteroidal
selective GR modulator [41].

3.2.3.  Peroxisome proliferator-activated receptor-y ligands

Ligand-mediated activation of peroxisome proliferator-
activated receptor (PPAR)-y has been linked to anti-
inflammatory responses in macrophages and a positive
regulator of differentiation into foam cell associated with
atherogenesis. 15-Deoxy-5-12,14-prostaglandin J2 (15d-PGJ,)
suppresses the lipopolysaccharide (LPS)-induced expression
of COX-2 in the macrophage-like differentiated U937 cells
through blocking both activator protein (AP)-1 and NFkB-
mediated gene expression. 15d-PGJ, suppresses COX-2 pro-
moter activity by interfering with the NF-«B signaling
pathway in phorbol 12-myristate 13-acetate (PMA)-treated
macrophages. Naturally occurring compounds such as fatty
acids and 15d-PGJ2 bind to PPAR-y and stimulate

transcription of target genes. PPAR-y is markedly upregu-
lated in activated macrophages. PPAR-y inhibits gene
expression in part by antagonizing the activities of the
transcription factors AP-1, STAT, and NF-«B. 15d-PGJ,,
covalently bind to a cysteine residue in the PPAR-y ligand
binding pocket through a Michael addition reaction by an
a,B-unsaturated ketone [42]. Thiazolidinedione is one of the
most commonly prescribed medications for type 2 diabetes.
Thiazolidinedione, 15d-PGJ2, and other PPAR-y agonists
inhibit the expression of a variety of proinflammatory pro-
teins including cyclooxygenase-2, iNOS, and cytokines.
These effects appear to be mediated by inhibitory effects on
transcription factors, including NF-«B, AP-1, and STAT. The
reactive cyclopentenone ring of 15d-PGJ, reacts with cys-
teinyl thiol groups of PPAR-y proteins through Michael
addition reactions [43].

4. Assays of functionalities
4.1. In vitro methods

ROS may attack biological macromolecules, causing cell pro-
tein, lipid, and DNA damage, and resulting in oxidative stress-
originated aging, diseases, and cancer. The most frequently
encountered free radicals in cell are the hydroxyl radical, the
superoxide radical, the nitric oxide radical, and the lipid per-
oxyl radical. The main methods for antioxidative activity
evaluation are superoxide radicals scavenging; hypochlorous
acid scavenging; hydroxyl radical scavenging, and peroxyl
radical scavenging. Among them, 2,2'-azobis (2-
amidinopropane) dihydrochloride (ABTS), 2,2-diphenyl-1-
picrylhydrazyl (DPPH), and oxygen-radical absorbing capac-
ity (ORAC) assays are well established and frequently used to
estimate antioxidant capacities [44].

Generation of the stable ABTS radical cation and DPPH
radical are the key principles employed for ABTS and DPPH
assays respectively. The reaction between both electron and
hydrogen donors with cation, resulting in reduction in color,
forms the basis of the spectrophotometric methods that have
been applied to the measurement of the total antioxidant
activity. In specification, the ABTS assay is based on the gen-
eration of a blue/green ABTS radical cation that can be
reduced by antioxidants; whereas the DPPH assay is based on
the reduction of the purple DPPH radical to 1,1-diphenyl-2-
picryl hydrazine [45].

A method of quantitating the ORAC of antioxidants in
serum is developed. In this assay system, 2,2’-azobis(2-
amidino-propane) dihydrochloride is wused as a
peroxyl radical generator, and 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox, a water-
soluble vitamin E analogue) as a control standard. The
uniqueness of this assay is that total antioxidant capacity
of a sample is estimated by taking the oxidation reaction
to completion. A modified ORAC assay depends on the
free radical damage to a fluorescent probe, such as fluo-
rescein. The degree of a downward change of fluorescent
intensity is indicative of the amount of radical damage
[46].
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4.2. Cell models to evaluate the functionalities

4.2.1. 12-O-Tetradecanoylphorbol-13-acetate-treated
macrophage model

A simple, rapid and semiautomated technique for the mea-
surement of superoxide and H,0, production by 12-O-tetra-
decanoylphorbol-13-acetate (TPA)-treated mouse alveolar
macrophages was developed. The levels of superoxide and
hydrogen peroxide were quantified by the cytochrome c assay
and phenol red method, respectively. This is a very popular
technique permitting the use of few cells and low reagent
quantities for the kinetic analysis and the assay of a large
number of samples [47]. TPA, a kind of phorbol ester, has been
routinely used as an inducer for endogenous superoxide pro-
duction. By a similar TPA-treated RAW?264.7 cell model, erio-
dictyol was found to reduce the activation of PKC by blocking
the phorbol ester binding site leading to the inhibition of su-
peroxide generation.

4.2.2. LPS-treated macrophage model

LPS, lipoglycans, and endotoxins of Gram-negative bacteria,
is another widely used stimulant to activate macrophage.
LPS induces the uncontrolled release of proinflammatory
mediators, especially TNF-a, several interleukins (IL-18, IL-6,
IL-8), NO, and ROS from monocytes and macrophages. LPS
triggers the secretion of a variety of inflammatory products
such as TNF-« and IL-6, as well as excessive amounts of NO
via iNOS, which contribute to the pathological process of
various acute and chronic inflammatory conditions. In-
flammatory factors (TPA/PMA, LPS, and TNF-«) activate NF-
kB translocation and trigger a respiratory burst [48]|. NF-«B is
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pathogenic mechanism in chronic inflammatory diseases
such as stroke, myocardial infarction, chronic heart failure,
diabetes, circulatory shock, cancer, and neurodegenerative
disorders [10]. Combination effect of LPS and PMA can
generate endogenous peroxynitrite that is close to the real
physiological condition.

5. Conclusion

Chemical-based methods have been widely applied to eval-
uate the antioxidant potential of foods; however, it is impor-
tant to note that the DPPH and ABTS tests only recognize free-
radical scavenging capacities. Testing the benefits of dietary
antioxidants with a macrophage model can take into account
the key biological parameters that are needed to reflect the
real physiological conditions. Activated macrophages are
recognized as the major drivers in the pathogenesis of various
chronic diseases. A multiple target pathway (Figure 1) was
proposed to elucidate the mechanistic role of the active
components in functional diets.
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