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Abstract: Quercetin, glycosylated form of flavonoid compound,
has potent antioxidant and anti-inflammatory properties. In this
study, we have investigated the effects of quercetin on skin lesion,
high-mobility group box (HMGB)1 cascade signalling and
inflammation in atopic dermatitis (AD) mouse model. AD-like
lesion was induced by the application of house dust mite extract
to the dorsal skin of NC/Nga transgenic mouse. After AD
induction, quercetin (50 mg/kg, p.o) was administered daily for
2 weeks. We evaluated dermatitis severity, histopathological
changes and changes in protein expression by Western blotting for
HMGBI, receptor for advanced glycation end products (RAGE),
toll-like receptor (TLR)4, nuclear factor (NF)xB, nuclear factor
erythroid-2-related factor (Nrf)2, kelch-like ECH-associated
protein (Keap)1, extracellular signal-regulated kinase (ERK)1/2,
cyclooxygenase (COX)2, tumor necrosis factor (TNF)a,
interleukin (IL)-1f, IL-2Ra and other inflammatory markers in
the skin of AD mice. In addition, serum levels of T helper (Th)

cytokines (interferon (IFN)y, IL-4) were measured by enzyme-
linked immunosorbent assay. Quercetin treatment attenuated the
development of AD-like skin lesions. Histological analysis showed
that quercetin inhibited hyperkeratosis, parakeratosis, acanthosis,
mast cells and infiltration of inflammatory cells. Furthermore,
quercetin treatment downregulated cytoplasmic HMGB1, RAGE,
nuclear p-NFxB, p-ERK1/2, COX2, TNFx, IL-1f, IL-2Ra, IFNy
and IL-4 and upregulated nuclear Nrf2. Our data demonstrated
that the HMGB1/RAGE/NFkB signalling might play an important
role in skin inflammation, and quercetin treatment could be a
promising agent for AD by modulating the HMGB1/RAGE/NF«B
signalling and induction of Nrf2 protein.
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Introduction
Atopic dermatitis (AD) is an inflammatory skin disease caused by
environmental, psychologic, immunologic, pharmacologic and
genetic factors (1). This is a major problem in developed and
developing countries. Around 50% of all those with AD develop
symptoms within their first year of life, and 95% of below 5-year-
old child experience in AD symptoms. Severe AD may cause 50%
risk of developing bronchial asthma and 75% risk of hay fever in
children (2). AD skin lesions are characterized by the presence of
infiltrated inflammatory cells such as monocytes, eosinophils,
macrophages and mast cells. Around 50-70% of all children with
early onset of AD are sensitized to allergens such as food and
house dite mite allergens (3). Extensive experimental results have
shown that exposure of the skin to house dust mite Dermato-
phagoides farinae (DfE) induces an immune dysregulation in NC/
Nga mouse, encompassing a strong inflammatory reaction resem-
bling severe AD, and is one of the most potent and frequently
used AD model (4).

The high-mobility group (HMGB)1 protein was identified as a
non-histone nuclear protein that can regulate transcription by

changing deoxyribonucleic acid (DNA) helical structure and was
secreted by macrophages and released from damaged or necrotic
tissues. Extracellular HMGBI acts as an endogenous danger signal
and binds to toll-like receptor (TLR)2, TLR4, receptor for
advanced glycation end products (RAGE) and chemokine recep-
tors (5). Receptor binding leads to the activation of mitogen-acti-
vated protein kinase (MAPK) and nuclear factor (NF)xB
signalling pathways, which mediate the production of a variety of
pro-inflammatory cytokines, such as tumor necrosis factor (TNF)
o, interleukin (IL)-4, IL-1f, IL-6, IL-8 and interferon (IFN)y (6).
Recent studies suggest that the elevated levels of extracellular
HMGBI have been implicated in several disease states, including
sepsis, and autoimmune disease such as arthritis, ischaemia—reper-
fusion injury, cancer, psoriasis vulgaris and AD (7).

Flavonoid quercetin is found in most edible fruits and vegetables,
specifically in apples, nuts, herbs, onions and red wine. Flavonoids
have various biological activities, which are mainly related to their
abilities to inhibit enzymes and their effects on immune responses
(8). Pharmacological effects of quercetin are well known, such as
antioxidant, anti-inflammatory, antiallergic, chemopreventive
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activities, regulating IL-6, IL-8, TNFu, histamine and tryptase release
in mast cells (9,10). Recent studies suggest that the polyphenolic
compound quercetin can activate nuclear factor erythroid 2 related
factor (Nrf)2 protein and antioxidant responsive element-depen-
dent gene expression (11). Moreover, the quercetin has a docu-
mented anti-inflammatory effect as well as balancing T helper cells
(Th)1 and Th2 responses in inflammatory human dermal fibroblasts
(12). On the basis of these studies, we hypothesized that quercetin
ameliorates skin inflammation and attenuates the release and pro-
inflammatory function of HMGB1 in AD model.

Materials and methods

Materials

Biostir AD, a cream containing DfE extract (DfE cream), was pur-
chased from Biostir, Inc. (Kobe, Japan). All the reagents and chemi-
cals were of analytical grade and purchased from either Sigma or
Wako, Tokyo, Japan, until mentioned otherwise. Quercetin pure
drug was purchased from Sigma-Aldrich (Tokyo, Japan).
Experimental design

Specific pathogen-free female 6-week-old NC/Nga mice were
obtained from Charles River, Yokohama, Japan. The animals were
maintained in controlled room (temperature 23 £ 2°C, 12-h light
cycle). After 1 week, the mice were randomly divided into three
groups: untreated group — received vehicle (1% methyl cellulose)
(Normal, n = 5); DfE cream-treated mice (100 mg/mouse) were
divided into two groups and each received vehicle (1% methyl cellu-
lose) (AD, n = 5) or quercetin (50 mg/kg/day, per oral) (AD+quer-
cetin, n = 5) and were allowed free access to drinking water and
standard laboratory diet. The mice were weighed once a week, and
food intake was estimated every second day.

Induction of AD

Atopic dermatitis-like skin lesions were induced in NC/Nga mice
using DfE cream, as we described previously (13). Briefly, 150 ul
of 4% sodium dodecyl sulphate was applied to the shaved dorsal
skin and ears. After 3 h, 100 mg of DfE cream was applied topi-
cally. This procedure was carried out twice weekly for 2 weeks.
Quercetin (50 mg/kg/day, per oral) treatment (14) was started
after AD induction (2 weeks from the start of the experiment)
and continued for 2 weeks.

Evaluation of dermatitis severity

The dermatitis severity was measured every week according to the
eczema area and severity index scoring using the following proce-
dure: 0, no; 1, mild; 2, moderate; 3, severe symptoms were given
based on following manifestation: erythema/haemorrhage, oedema,
excoriation/erosion and dryness/scaling (13).

Histopathological studies

By the end of the study period, mice were sacrificed and their skin
tissues were harvested for semi-quantitative immunoblotting and
immunohistochemical studies. The half of the skin was immediately
snap-frozen in liquid nitrogen for subsequent protein extraction
assays. The remaining excised skin was cut into about 2-mm-thick
transverse slices and fixed in 10% formalin. Sections of 3-5 um
thickness were stained with haematoxylin and eosin (HE) or tolui-
dine blue for detecting various inflammatory cells and mast cells,
respectively. A histomorphological evaluation of all the skin sections
was carried out in a blinded fashion (13).

Cytokine assay

By the end of the study period, blood specimens were collected
from the retro-orbital sinus of every animal using a capillary tube.

Serum levels of mouse IL-4 and IFNy were measured by enzyme-
linked immunosorbent assay (ELISA) kits provided by thermosci-
entific Inc. (Meridian Rd, Rockford, IL USA) according to the
manufacture’s protocol.

Homogenization and fractionation of skin tissue

Briefly, 100 mg of skin was homogenized in 0.5 ml of buffer A
(10 mm HEPES, pH 7.8, 10 mm KCI, 2 mm MgCl,, 1 mm DTT,
0.1 mm EDTA, 0.1 mm PMSF, 1 um pepstatin and 1 mm p-amino-
benzamidine) using a tissue homogenizer for 20 s and kept on ice
for 15 min, and then, 125 ul of 10% Triton X-100 solution was
added and mixed for 15 s. The mixture was centrifuged for 2 min
at 13 000 g, and the supernatant containing cytosolic proteins was
collected. The pelleted nuclei were washed once with 200 ul of
10% Triton X-100, centrifuged and then suspended in 50 ul of
buffer B (50 mm HEPES, pH 7.8, 50 mm KCl, 300 mm NaCl,
0.1 mm EDTA, 1 mm DTT, 0.1 mm PMSF and 10% v/v glycerol).
The solution was mixed for 20 min and centrifuged for 5 min at
12 000 rpm. The supernatant containing nuclear proteins was
stored at —80°C. The protein concentration of the resulting solu-
tions was determined by the bicinchoninic acid method (15).
Protein analysis by western blotting

Protein samples were subjected to sodium dodecyl sulphate poly-
acrylamide gel electrophoresis and then transferred to nitrocellulose
membranes (16). Membranes were blocked with 5% bovine serum
albumin (BSA) in tris-buffered saline with 0.1% tween (TBST) and
incubated using the following antibodies: antibodies against
HMGBI1, RAGE, TLR4, nuclear phospho (p)-NFxB, cyclooxygenase
(COX)2, TNFa, TNF receptor (TNFR)1, TNFR2, IL-1f, IL-2Ra, p-
extracellular signal-regulated kinases (ERK)1/2, Nrf2 and kelch-like
ECH-associated protein (Keap)1. All the antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) or Cell
Signaling Technology, Inc. (Danvers, MA, USA) and used at a dilu-
tion of 1:1000. After washing for three times with TBST, the mem-
branes were incubated with appropriate horseradish peroxidase
(HRP)-conjugated secondary antibodies for 1 h at room tempera-
ture. Further, the membranes were washed three times with TBST
and then developed using a chemiluminescence detection system
(Amersham Biosciences, Buckinghamshire, UK). The blots were
scanned, and the signals were quantified with densitometric analysis
using Scion Image program (Epson GT-X700, Tokyo, Japan) or
Image Studio Digits ver. 4 (Lincoln, NE, USA). Antibodies to Lamin
A and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served
as control proteins for nuclear and cytosolic proteins, respectively.
Immunofluorescence determination of HMGBI1
Formalin-fixed, paraffin-embedded skin tissue sections were used
for immunofluorescence staining. Sections underwent microwave
antigen retrieval were blocked with 10% goat serum in phosphate-
buffered saline (PBS) and incubated with mouse polyclonal anti-
HMGBI1 antibody (Santa Cruz Biotechnology). Binding sites of
the primary antibody were revealed with texas red-conjugated
anti-mouse secondary antibody (Abcam Ltd., Cambridge, UK).
Sections were visualized with a fluorescence microscope at 100x
magnification (AxioVs40v4.8.2; Carl Zeiss, Tokyo, Japan) (17).
Statistical analysis

Data are presented as mean + standard error of mean (SEM) and
were analysed using one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s multiple comparison test or two-tailed t-test
when appropriate. A value of P < 0.05 was considered statistically
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significant. For statistical analysis, GraphPad Prism 5 software
(GraphPad Software. Inc., San Diego, CA, USA) was used.
Results

Effects of quercetin on AD severity

In the AD and quercetin treatment groups of NC/Nga mice, clinical
signs and symptoms of dermatitis developed significantly during the
2 weeks of DfE cream application. During the course of treatment,
the dermatitis score of the quercetin treatment group decreased and
became significantly different from that of the group AD mice
(Fig. 1a). In addition, we have measured the body weight of each
mouse and its food intake, but no significant changes were observed
in normal, AD and AD+quercetin group (data not shown).

Effects of quercetin on histopathological changes in DfE-
induced AD

HE and toluidine blue staining of skin sections revealed hyperker-
atosis, parakeratosis, acanthosis/spongiosis and infiltration of
inflammatory cells and mast cells into the skin of AD mice. In
contrast, quercetin-treated mice showed the reductions in these
dermal changes compared with AD mice (Fig. 1b,c,cl).

Quercetin attenuated HMGB1 translocation in DfE-induced
AD

Extracellular HMGB1 acts as pro-inflammatory cytokine and
involved in many types of inflammatory diseases (18). To examine
the effects of quercetin on HMGBI translocation from nucleus to
cytoplasm in the AD skin, we analysed the HMGBI distribution in
the skin tissues by immunofluorescence and Western blot. Immuno-
fluorescence examination showed that HMGBI staining was increased
in DfE-induced AD mice. However, this overexpression was decreased
by the treatment with quercetin (Fig. 1d). Data obtained from Wes-
tern blot (Fig. 2a) were consistent with the immunofluorescence
observation. AD mice showed significantly increased cytoplasmic lev-
els of HMGBI in the skin tissue. In contrast, quercetin treatment sig-
nificantly inhibited the HMGBI translocation from nucleus to
cytoplasm in the AD skin in response to fulminating skin lesions.
Effect of quercetin on RAGE, TLR4, p-ERK1/2 and nuclear
p-NFkB in DfE-induced AD mice

Binding of HMGBI1 to RAGE, TLR2 and TLR4 activates cell
migration-dependent pathways through NFxB and MAPK signal-
ling (5). So, we performed Western blot analysis to measure the
protein expressions of RAGE, TLR4, ERK1/2 and nuclear NFxB in
the skin homogenates. Except TLR4, the protein levels of RAGE,
p-ERK1/2 and nuclear p-NFxB were significantly increased in AD
mice compared with those in normal mice and these changes were
significantly attenuated by quercetin treatment (Fig. 2b—e).
Quercetin attenuates cytokine activities of HMGB1 in AD
Extracellular HMGBI can activate several inflammatory cytokines
related to AD. Skin TNFa, TNFR1, TNFR2, IL-1f, IL-2Ro. and COX2
protein levels assessed by Western blotting were significantly upregu-
lated in AD mice compared with those in normal mice, whereas
treatment with quercetin significantly downregulated these cytokines
in AD mice (Fig. 3a—f). In addition, the serum levels of Thl- and
Th2-related cytokines (IFNy, IL-4) were significantly decreased by
quercetin treatment, as compared to that of AD mice (Fig. 4a,b).
Effects of quercetin on nuclear Nrf2 and cytoplasmic Keapl
expression

Western blotting analysis showed that the nuclear Nrf2 protein
expression was significantly downregulated without significant
change in the Keapl expression in the skin of AD mice, but
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Figure 1. (a) Effect of quercetin on time-dependent dermatitis score of NC/Nga
mice with atopic dermatitis (AD)-like skin lesions. (b) HE staining of the cross-
sectional tissue slices of skin showing hyperkeratosis (blue arrow), parakeratosis
(red arrow), acanthosis (black arrow), spongiosis (black arrow) and infiltration of
inflammatory cells (200x). (c) Skin levels of mast cells (black arrow) by toluidine
blue staining. (c1) Quantification of mast cells per field at 200x magnification. (d)
Immunofluorescence determination of HMGB1 positive cells (red arrow), (100x).
Each bar represents mean 4 SEM. Normal, age-matched normal NC/Nga mice; AD,
AD-induced NC/Nga mice; AD+quercetin, AD-induced mice administered with
quercetin (50 mg/kg/day, per oral) (From 2 weeks to 4 weeks). ***P < 0.001,
#+P < 0.01 and *P < 0.05 vs Normal; **P < 0.001 and P < 0.01 vs AD.
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Figure 2. Quercetin effects on nuclear and cytoplasmic HMGB1, RAGE, TLR4, p-
ERK1/2 and nuclear p-NFxB. Western blots show specific bands for (a) expression
of nuclear and cytoplasmic HMGB1, expressed as a ratio relative to that of Lamin
A and GAPDH, ratio of HMGB1 expression in cytoplasmic fraction to nuclear
fraction was measured by relative optical density quantification, (b) expression of
RAGE, expressed as a ratio relative to that of GAPDH, (c) expression of TLR4,
expressed as a ratio relative to that of GAPDH, (d) expression of p-ERK1/2,
expressed as a ratio relative to that of ERK1/2, (e) expression of nuclear p-NFxB,
expressed as a ratio relative to that of NFxB. Each bar represents mean 4 SEM.
Normal, age-matched normal NC/Nga mice; AD, AD-induced NC/Nga mice;
AD+quercetin, AD-induced mice administered with quercetin. ***P < 0.001,

#+P < 0.01 and *P < 0.05 vs Normal; **P < 0.01 and *P < 0.05 vs AD.

quercetin treatment has significantly increased the Nrf2 expression
along with the reduced expression of Keapl when compared with
AD mice (Fig. 4c,d).

Discussion

In our study, the most important findings were as follows: (i)
Quercetin treatment sharply suppresses skin HMGBI1 release,
RAGE cascade and inflammatory cytokines levels in DfE-induced
AD in NC/Nga mice. (ii) Quercetin activates antioxidant respon-
sive element-dependent gene expression by increasing nuclear
Nrf2 in AD skin. (iii) As a result, quercetin attenuates AD symp-
toms, hyperkeratosis, parakeratosis, spongiosis, mast cells and
infiltration of inflammatory cells.

Accumulating evidence indicates that quercetin (3,5,7,3',4’-pen-
tahydroxy flavone), a polyphenol natural product, most widely
distributed flavonoid, acts on a wide range of molecular targets
controlling pro-inflammatory function and has antiallergic and
anticarcinogenic activities (9). In addition, quercetin prevented
the formation of skin lesions abrogating various biochemical pro-
cesses that cause epithelial loss and skin damage (19). AD mice
received quercetin treatment showed that quercetin has anti-
inflammatory action via suppressing angiogenesis and Th2-related
cytokine expression (12). Quercetin also inhibits IL-6, histamine
release and TNF production in murine mast cells (20). It has also
been shown that quercetin attenuates lipopolysaccharide (LPS)-
induced HMGBI release and TNFo expression in sepsis mice (21).
Furthermore, quercetin increases the Nrf2 levels and its down-
stream target along with the suppression of NFxB and MAPK
expressions in mouse JB6 cells (22). Although several study data
strongly suggest that quercetin could regulate pro-inflammatory
cytokines levels and their function, the potential mechanism of
quercetin in regulating HMGBI release and RAGE cascade in AD
has not been studied. In the present study, we show for the first
time that quercetin protects skin inflammation in DfE-triggered
AD in NC/Nga mice through the activation of Nrf2 and sup-
presses HMGBI release and cytokines expression.

HMGBI is expressed in almost all cells and is an evolutionarily
conserved nuclear protein (5). Once HMGBI released from cell
into extracellular space, it acts as a damage-associated molecular
pattern (DAMP) or alarmin (23). It is mainly secreted from
immune cells such as dendritic cells (DC), monocytes, macrophag-
es and damaged or necrotic cells (24). In addition to the role as a
nuclear protein, HMGBI is participating in lethal systemic inflam-
mation, arthritis, meningitis, local inflammation, psoriasis and AD
(13). We have observed in the present study that quercetin treat-
ment significantly attenuates HMGBI1 translocation in the AD
skin. How quercetin modulated HMGBI translocation in the skin
during AD is unclear. Extracellular HMGBI can bind with RAGE,
TLR2 and TLR4 receptors, and also, there is a possibility that

I 4 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd, Experimental Dermatology



=
=Y

S~ (a)
= LI 2%
g E 08 -1 #
=1 pakokd
5 < 06
“E‘ @}
5 304
L
gE ¢
=]
Normal AD AD+Quercetin
TNFa | -

15

o
=3

0.5

0.0

Normal

AD  AD+Quercetin

TNFRI |

. |

GAPDH |..-.-.|

0.8

(c)

<4
>

Densitometric ratio
(TNFR2/GAPDH)
5 g

<4
=}

Normal

AD AD+Quercetin

TNFR? |

GAPDH | s e et ene e

S ##

AD AD+Quercetin

=] .
£ _ 207(d)
jugen)
9 E 15
=
T <
£ 0 10
ga
£ s
g =
A
0.0
Normal
[]

-1p |

- g |

GAPDH | e exp e e |

0.3

0.2

0.1

Densitometric ratio
(IL-2Ro/ GAPDH)

0.0
Normal

##

=1

AD  AD+Quercetin

IL-2Ra |

GAPD}H [ ———

1.5

1.0

0.5

Densitometric ratio
(COX2/GAPDH)

0.0

Normal

*%

#

=

AD  AD+Quercetin

Ccox2 |

GAPDH | D D b GEb e e |

Quercetin mitigates atopic dermatitis |

Figure 3. Effects of quercetin on TNFa, TNFR1, TNFR2 IL-18, IL-2Ro and COX2. (a—
f) Densitometric data of protein analysis. The mean density values of TNFx, TNFRT,
TNFR2, IL-18, IL-2Rz and COX2 (expressed as a ratio relative to that of GAPDH)
with representative Western blots showing specific bands for TNFe,, TNFR1, TNFR2,
IL-18, IL-2Rz and COX2. GAPDH was used as an internal control. Each bar
represents mean + SEM. Normal, age-matched normal NC/Nga mice; AD, AD-
induced NC/Nga mice; AD+quercetin, AD-induced mice administered with
quercetin. ***P < 0.001, **P < 0.01 and *P < 0.05 vs Normal; P < 0.01 and

P < 0.05 vs AD.
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#p < 0.05 vs AD.

different regions in HMGB1 may interact with different receptors
(25). Several studies demonstrated that the TLR4 interacts with
extracellular HMGBL1 to activate NFxB pathway (26). TLR4 is reg-
ulated by pattern recognition receptors and prominently expressed
in macrophages, DC and antigen-presenting cells (27). Other stud-
ies showed that RAGE is the primary binding receptor for
HMGBI and it mediates cytokine activity; interaction of HMGBI1-
RAGE is involved in inflammation and oxidative stress in endo-
thelial dysfunction (28). Interestingly, in our study, quercetin
modulated the RAGE signalling pathway, but did not affect the
TLR4 signalling pathway in the skin of AD mice. It is plausible to
speculate that HMGB1 might have interacted with RAGE to pro-
duce inflammation in AD mice.

Extracellular HMGBI interaction with RAGE activates MAPK-
NFkB signalling, and it has an important role in inflammation (29).
A recent report suggests that MAPK signalling is involved in inflam-
matory skin disease and inhibitors of this pathway ameliorate
inflammation in various rodent models of human skin diseases
(30). However, another similar study reported that in endothelial
cells, ERK1/2 and NFxB activations were suppressed by ERK1/2
inhibitor (18). Similar scenario has been described for NFkB, and
activation of RAGE can induce downstream signalling such as NFxB
expression in mouse inflamed skin (31). Moreover, quercetin treat-
ment attenuates NFxkB phosphorylation in bone marrow-derived
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macrophage (32). Here, we observed that quercetin treatment sig-
nificantly attenuated the phosphorylation of ERK1/2 and nuclear
NFxB pathway in AD skin. This finding may be explained by
HMGBI activation, which induces the activation of ERK1/2 and
NFxB pathway, which were ameliorated by quercetin treatment.

Diverse cytokines are regulated by transcription factors, such as
NFxB, which is the centre of interest and promotes the transcrip-
tion of Th2 (IL-4) and Thl (IFNy) cytokines (33). In addition,
NFxB activates potent pro-inflammatory cytokine TNFo, which
can stimulate the secretion of other inflammatory cytokines, such
as IL-1p, IFNy, IL-4 and secondary inflammatory mediators,
including leucotriene and prostaglandins (34,35). In the present
study, we demonstrated that the AD-induced upregulation of
TNFa, TNFR1, TNFR2, IL-1f3, IL-4, IFNy, IL-2Ra and COX2 was
inhibited by treatment with quercetin. Given the importance of
these pro-inflammatory cytokines in AD, our present data suggest
that quercetin attenuates inflammatory cytokines responses in
inflammatory skin disease such as AD.

Nrf2, a member of the cap-N-collar family, is the major tran-
scriptional regulator of antioxidant response element (ARE)
sequence and detoxifying antioxidant enzymes (36). Nrf2 acts when
released from its repressive cytosolic protein Keapl. Upon exposure
of cells to oxidative stress or covalently transform thiol groups or
electrophilic compounds, Nrf2 easily translocates from cytoplasmic
Keapl to nucleus, binds to ARE and transactivates the genes of
detoxifying and antioxidant enzymes against oxidative stress and
associated inflammation and damage (37). Activation of Nrf2 atten-
uates NFxB signalling in cultured human keratinocytes (38). On
other hand, the Nrf2-deficient mice exhibit greater induction of
pro-inflammatory genes regulated by NFxB such as IL-1f, TNFx
and COX2 pointing towards the fact that Nrf2 deficiency enhances
NFxB-mediated pro-inflammatory reaction (39). Moreover, some
experimental studies also revealed the Nrf2—-ARE pathway interac-
tion with the inhibitory regulation of HMGBI secretion from mac-
rophages/monocytes cells (40). However, in another similar study,
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