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acted from huangjiu have anti-
inflammatory activity in lipopolysaccharide
stimulated RAW264.7 cells†

Lin Peng, acd Aisikaer Ai-lati,acd Zhongwei Ji,acd Shuguang Chen*b

and Jian Mao*acde

In the present study, an extractionmethod, combining extraction by ethyl acetate + ethanol and purification

by HPD400 resin, was established to obtain huangjiu polyphenol extract (HPE). After extraction and

purification, the polyphenol yield was 22.57%, and 90.57% protein and 97.99% sugar were removed.

HPLC analysis indicated that (+)-catechin (91.33 mg mL�1) was the predominant phenolic compound

among the 11 detected polyphenols. In LPS-stimulated RAW264.7 cells, HPE exhibits anti-inflammatory

effects by inhibiting the production of NO and pro-inflammatory cytokines (TNF-a, interleukin IL-6 and

IL-1b). The anti-inflammatory effect of HPE is associated with the inhibition of iNOS expression, the

suppression of NF-kB translocation to the nucleus, and the inhibition of the phosphorylation of IkB and

the MAPK family proteins, e.g. p-38, Erk 1/2, and JNK. Moreover, the activation of Nrf2 and HO-1 is also

related to the anti-inflammatory effect of HPE.
Introduction

Huangjiu, also named Chinese rice wine, is a traditional alco-
holic beverage and has a long history in China. Huangjiu is
produced by following a traditional and unique process.1 It is
fermented from steamed glutinous rice mixed with wheat Qu
(as the saccharifying agent) and yeast (as the fermentation
starter). Aer 3–5 days of fermentation at 28–32 �C, the
fermentation mash carries out post-fermentation for approxi-
mately 1 month. Fresh huangjiu is separated from vinasse by
ltration and further claried by membranes and diatomite.
Aer sterilization by thermal treatment, the maturation of fresh
huangjiu is carried out by being sealed in pottery jars for more
than 3 years. In China, huangjiu has several varieties according
to different geographical origins. These regions can be divided
into the eastern, central, and southern parts of China, including
the Zhejiang, Hubei, Yunnan, Jiangsu, and Sichuan provinces.
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The diversity of the geographical origins leads to the variety of
bioactive constituents in huangjiu.2

According to current research, huangjiu has been found to
possess pharmacological and nutritional benets, which can be
attributed to the various bioactive constituents in huangjiu.3,4

These functional and nutritional compounds include poly-
saccharides,5 peptides,6 amino acids,7 mineral elements,8 g-ami-
nobutyric acid,9 hydroxymethylfurfural,10 4-vinylguaiacol,11 etc. In
huangjiu, the formation of polyphenols is related to the raw
materials and wheat Qu during huangjiu fermentation. Glutinous
rice contains several bioactive compounds (such as amino acids
and polyphenols), and these compounds are transferred to
huangjiu during fermentation. The composition and content of
the phenolic compounds in huangjiu are related to the rice used
during fermentation.12,13 Moreover, some polyphenols are also
regarded as aroma compounds and the concentration of poly-
phenol can be improved by the addition of wheat Qu, compared
with commercial enzymes used as saccharifying agents.14

Polyphenols are commonly divided into two main groups:
avonoids and non-avonoids, but there are many more than
four classes.15 Phenolic compound analysis of different varieties
of huangjiu showed a great difference in the composition and
content.16,17 Zhang et al.18 demonstrated that huangjiu has
antioxidant activities, including reducing capacity and radical
scavenging activity. These antioxidant activities are highly
related to the total phenolic content in huangjiu.13 It has been
implicated that polyphenolic compounds can be preventive and
therapeutic agents for the treatment of various diseases due to
their antioxidant properties.19–21 In a previous study,22 huangjiu
showed great health benets for cardiovascular disease in
RSC Adv., 2019, 9, 5295–5301 | 5295
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mouse models with plasma hyperhomocysteinemia and
atherosclerosis. Aer feeding with huangjiu, the plasma
homocysteine (p < 0.01) and atherosclerosis lesion areas (p <
0.001) of the model mice were signicantly reduced compared
to the control and ethanol groups. Further work from the same
group found that polyphenolic compounds extracted from
huangjiu have anti-atherosclerotic activity by inhibiting matrix
metalloproteinase (MMP)-2 and MMP-9.23 As shown through in
vitro experiments, huangjiu polyphenol extract also exhibited
inhibitory effects on the differentiation24 and homocysteine
induced proliferation and migration25 of vascular smooth
muscle cells. As well as anti-atherosclerotic activity, poly-
phenolic compounds extracted from some fruits and edible
plants exhibit great anti-inammatory activity, which is related
to antioxidant activity.26–28 However, little attention has been
paid to the anti-inammatory activity of polyphenols extracted
from huangjiu, despite their great antioxidant activity.

Therefore, we established an extraction method to effectively
separate polyphenolic compounds from huangjiu. Aer ana-
lysing the composition prole, the anti-inammatory activity of
huangjiu polyphenol extract (HPE) was investigated in lipo-
polysaccharide (LPS) stimulated RAW264.7 cells by detecting
the production of nitric oxide and pro-inammatory cytokines.
Moreover, the expression of some proteins relating to inam-
matory activity was also analysed to gain a better understanding
of the possible mechanism.
Materials and methods
Chemicals

RPMI-1640 medium and fetal bovine serum (FBS) were
purchased from Gibco Co. (Carlsbad, CA). Dimethyl sulfoxide
(DMSO), lipopolysaccharide from Escherichia coli, 3-(4,5-
dimethyl-2-thizolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT), Griess reagent, penicillin and streptomycin were
purchased from Sigma Co. (St Louis, MO). An enzyme-linked
immunosorbent assay kit (Elisa kit) for TNF-a, IL-1b and IL-6
detection was purchased from Sigma Co. The standards for
phenolic acid detection were obtained from Sigma Co. RIPA
lysis buffer was purchased from Biosharp Co. (Anhui, China). A
BCA kit for protein concentration detection was purchased from
Beyotime Co. (Shanghai, China). The antibodies used in this
study for inducible nitric oxide synthase (iNOS), heme
oxygenase-1 (HO-1), phospho-IkB alpha (p-IkBa), p65 and
nuclear factor erythroid-2-related factor 2 (Nrf2) were purchased
from Cell Signaling Technology (Beverly, MA). Antibodies for
the MAPK family (normal and phosphorylated (P-) proteins),
including p-38, P-p38, Erk 1/2, P-Erk 1/2, JNK and P-JNK, were
purchased from cell signaling technology. Anti b-actin anti-
bodies were purchased from Sigma Co. Horseradish peroxidase
(HRP)-conjugated anti-goat and anti-rabbit IgG were purchased
from Cell Signaling Technology.
Polyphenol extraction and purication

To remove polysaccharides and proteins, huangjiu purchased
from Guyuelongshan Co. (Zhejiang, China) was mixed with
5296 | RSC Adv., 2019, 9, 5295–5301
ethanol in the ratio of 1 : 4 (v/v) and the mixture was stored at
4 �C overnight. Aer centrifugation (10 000g, 4 �C) for 30 min,
the supernatant was mixed with the same volume of ethyl
acetate. The mixture was stirred at 4 �C for 30 min, and then
centrifuged for 20 min (10 000g, 4 �C). The supernatant, ltered
by a 0.45 mm uoroethylene lter, was evaporated until dry
under vacuum at 40 �C and then the crude extract was dissolved
in 0.5% DMSO solution at a concentration of 1 mg gallic acid
equivalent (GAE) per mL, which was analysed according to the
Folin–Ciocalteu method.29 Twenty ve millilitres of polyphenol
solution was further absorbed by 10 g prepared macroporous
HPD-400 resin (Mitsubishi Chemical Holding, Tokyo, Japan).
Aer washing by 0.5% DMSO solution, the absorbed poly-
phenols were eluted by 10 mL ethanol and stored at �20 �C for
further study. The entire extraction and purication process is
summarized in Fig. S1 (ESI†). The total sugar content was
analysed by a phenol–sulfuric acid assay. The total nitrogen
content was analysed by Kjeldahl determination and calculated
using a constant of 6.25.

HPLC analysis of the polyphenols in huangjiu extract

HPLC analysis for the polyphenols was carried out by a Waters
1525EF with a ZORAX SB-C18 reversed-phase column (4.6 mm
� 150 mm, 5 mm particle size), which was protected by a guard
column. The sample (50 mL) was ltrated and the injection
volume was 20 mL. The absorbance wavelength for polyphenols
was scanned at 280 nm. The mobile phase used in the HPLC
analysis was composed of solution A (5% methanol and 0.05%
H3PO4) and solution B (80% methanol and 0.05% H3PO4). The
procedures of gradient elution were: 0 min (95% A + 5% B),
30 min (35% A + 65% B), 40 min (0% A + 100% B), 45 min (0%
A + 100% B), 52 min (95% A + 5% B), and 58 min (95% A + 5% B)
with a ow rate of 0.6 mL min�1 at 30 �C. The polyphenols in
HPE were identied by comparing the retention time of the
standards and the content was calculated by calibration curves
obtained from the linear correlation between various concen-
trations of the standards and peak area.

NO and pro-inammatory cytokine determination

Murine macrophage cell line RAW264.7 was purchased from
the Chinese Academy of Sciences (Shanghai, China). Cells were
seeded at a density of 1 � 104 cells per well into a 96-well
microplate. Aer culturing at 37 �C for 24 h in a CO2 incubator,
cells were pre-treated with various concentrations (100, 50, 25,
and 0 mg mL�1) of HPE for 4 h and then stimulated by 0.1 mg
mL�1 LPS. Cells without the treatment of LPS and HPE were
used as a control. The cell medium supernatant was withdrawn
to analyse the concentration of nitric oxide, TNF-a, IL-1b and IL-
6. Fiy mL supernatant and various concentrations of sodium
nitrite (80–2.5 mM) were mixed with 50 mL Griess reagent. The
mixture was incubated at room temperature for 30 min, and the
absorbance at 540 nm was measured to calculate the nitric
oxide concentration. Cell free medium was used as a control.
The concentrations of different pro-inammatory cytokines,
including TNF-a, IL-1b and IL-6, were analysed by commercial
Elisa kits according to the manufacturers’ instructions.
This journal is © The Royal Society of Chemistry 2019
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Table 1 Composition and content of the polyphenols in huangjiu
polyphenol extract (HPE)

Compounds Retention time (min) Contents (mg mL�1)

Protocatechuic acid 10.89 0.3 � 0.02
(+)-Catechin 14.60 91.33 � 8.64
Chlorogenic acid 15.90 5.95 � 0.37
Vanillic acid 17.85 1.85 � 0.13
Caffeic acid 18.12 1.21 � 0.27
Syringic acid 19.23 0.37 � 0.03
p-Coumaric acid 22.93 2.25 � 0.12
Ferulic acid 24.04 2.97 � 0.31
Sinapic acid 24.39 1.93 � 0.08
Rutin 27.63 0.84 � 0.09
Quercetin 34.12 2.15 � 0.22

Fig. 1 Effect of huangjiu polyphenol extract (HPE) on the production
of (a) NO and (b) the expression of iNOS in LPS-stimulated RAW264.7
macrophages.
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Western blot

RAW264.7 cells were seeded in 6-well plates at a density of 2 �
105 cells per well and treated with LPS and HPE as mentioned
above. The cells in the plates were washed by PBS solution two
times and suspended by RIPA lysis buffer with a protease
inhibitor. The protein concentration in the obtained cell lysates
was detected by a BCA kit. The proteins in the lysates were
separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred to poly-
vinylidene diuoride (PVDF) membranes. The membranes were
blocked by 5% skimmilk, and sequentially treated with primary
antibody and horseradish peroxidase-conjugated anti-goat or
anti-rabbit IgG. The protein bands were visualized and the
densities of the bands were quantied by the soware Image J.

Statistical analysis

All of the data in this study were shown as a means of � SEM.
Statistical analysis was carried out by the GraphPad Prism 6.0
soware. The levels of statistical signicance between data sets
were dened as: signicant if p < 0.05 (*), and highly signicant
if p < 0.01 (**).

Results
Extraction and HPLC analysis of huangjiu polyphenol extract

In the present study, a method combining extraction and
purication was established to obtain huangjiu polyphenol
extract (HPE) and the procedures are shown in Fig. S1 (ESI†).
During extraction, polysaccharides and proteins in huangjiu
were removed by precipitation with 80% (v/v) ethanol, and the
polyphenols were extracted following the addition of ethyl
acetate. The organic phase was concentrated by rotary evapo-
ration and the crude polyphenol extract was dissolved in 0.5%
DMSO solution for further purication with HPD400 resin.
Finally, huangjiu polyphenol extract (HPE) was eluted by
ethanol and a polyphenol yield of 22.57% was achieved (ESI
Table S1†). Moreover, this method effectively removed the total
protein and the total sugar, and the removal rates were 90.57%
for the total protein and 97.99% for the total sugar, respectively.
The HPE obtained by this method was used to analyse the
polyphenol composition by HPLC and to test the anti-
inammatory activity in RAW264.7 cells. HPLC analysis
(shown in ESI Fig. S2†) indicated that the HPE contained 11
polyphenols, including protocatechuic acid (0.3 mg mL�1),
(+)-catechin (91.33 mg mL�1), chlorogenic acid (5.95 mg mL�1),
vanillic acid (1.85 mg mL�1), caffeic acid (1.21 mg mL�1), syringic
acid (0.37 mg mL�1), p-coumaric acid (2.25 mg mL�1), ferulic acid
(2.97 mg mL�1), sinapic acid (1.93 mg mL�1), rutin (0.84 mg
mL�1) and quercetin (2.15 mg mL�1) (Table 1). Among these
detected polyphenols, (+)-catechin was the predominant
phenolic compound in the HPE.

Effect of HPE on the production of NO and pro-inammatory
cytokines in LPS stimulated RAW264.7 macrophages

As shown in Fig. S3 (ESI†), HPE had no negative effect on the
cell viability of RAW264.7 macrophages at concentrations below
This journal is © The Royal Society of Chemistry 2019
100 mg GAE/L. Therefore, HPE with concentrations of 0, 25, 50,
and 100 mg GAE/L were used in subsequent anti-inammatory
activity investigations. To investigate the inammatory activity
of HPE, the production of NO was analysed aer incubating
with various concentrations of HPE and 0.1 mg mL�1 LPS. The
results showed that NO production was effectively promoted by
LPS treatment (Fig. 1a). To further elucidate the inhibitory effect
of HPE on NO production, iNOS expression during LPS and HPE
treatment was carried out by western blotting in this study. The
results showed that the expression of iNOS was obviously
improved by LPS treatment, and incubation with various
concentrations of HPE downregulated the expression of iNOS
(Fig. 1b). As well as NO production, LPS treatment also signi-
cantly increased the production of pro-inammatory cytokines
(TNF-a, IL-6 and IL-1b). Meanwhile, incubation with HPE hardly
enhanced pro-inammatory cytokine production in the
RAW264.7 cells without LPS treatment (Fig. 2), indicating no
RSC Adv., 2019, 9, 5295–5301 | 5297
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Fig. 2 Effect of huangjiu polyphenol extract (HPE) on the production
of (a) TNF-a, (b) IL-6 and (c) IL-1b in RAW264.7 macrophages with or
without LPS stimulation.

Fig. 3 Effect of huangjiu polyphenol extract (HPE) on the protein
expression of (a) Nrf2 and (b) HO-1 in LPS stimulated RAW264.7
macrophages.
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View Article Online
induced effect of the HPE on inammation. Incubation with
HPE (especially at a concentration of 100 mg GAE per mL)
effectively downregulated the production of these LPS-induced
pro-inammatory mediators (Fig. 2). From these results,
we found that HPE efficiently reduces the production of
pro-inammatory cytokines in LPS-stimulated RAW264.7 cells.
Effect of HPE on Nrf2 translocation and HO-1 expression in
LPS stimulated RAW264.7 macrophages

Aer WB analysis, the results showed that the translocation of
Nrf2 from the cytoplasm to the nucleus was signicantly
inhibited by LPS treatment in RAW264.7 macrophages
(Fig. 3a). Similarly, HO-1 expression in the RAW264.7 cells was
also suppressed by LPS treatment (Fig. 3b). However, Nrf2 in
the cytoplasm was effectively reduced aer pre-treating HPE,
indicating the up-regulation of Nrf2 translocation. Mean-
while, HO-1 expression in the RAW264.7 cells was also up-
regulated aer treating HPE, especially at higher concentra-
tions. Therefore, the Nrf2/HO-1 pathway plays an important
role in the down-regulation of pro-inammatory cytokine
production in HPE treated LPS stimulated RAW264.7
macrophages.
5298 | RSC Adv., 2019, 9, 5295–5301
Effect of HPE on IkB phosphorylation and NF-kB p65
translocation in LPS stimulated RAW264.7 macrophages

In this study, the level of phosphorylated IkB (p-IkB) was ana-
lysed by WB and the results are shown in Fig. 4a. Aer stimu-
lation by LPS, an increase in p-IkB level was observed. HPE
treatment down-regulated the p-IkB level and exhibited a dose-
dependent inhibitory effect. Meanwhile, the translocation level
of the NF-kB subunit, p65, was also down-regulated aer being
treated with HPE (Fig. 4b).
Effects of HPE on the phosphorylation of proteins in the
MAPK pathway

To further conrm the anti-inammatory pathway, the effects of
HPE on the expression of phosphorylated proteins in the MAPK
pathway were studied. Western blotting was carried out to
evaluate the expression of p38, Erk 1/2, and JNK and the
phosphorylated (P-) proteins, including P-p38, P-Erk 1/2, and P-
JNK. The results showed that the P-p38, P-Erk 1/2, and P-JNK
levels were down-regulated by the treatment of HPE in the
LPS-stimulated RAW264.7 macrophages (Fig. 5).
Discussion

As a traditional alcoholic beverage, the unique process and
various raw materials make huangjiu (Chinese rice wine)
contain various functional and nutritional components. Among
these components, the polyphenols in huangjiu are related to
many biological activities, including antioxidant activity,19 anti-
This journal is © The Royal Society of Chemistry 2019
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Fig. 4 Effect of huangjiu polyphenol extract (HPE) on (a) IkB phos-
phorylation and (b) the translocation of NF-kB p65 in LPS stimulated
RAW264.7 macrophages.

Fig. 5 Effect of huangjiu polyphenol extract (HPE) on the expression
of P-p38, P-Erk 1/2 and P-JNK in LPS-stimulated RAW264.7
macrophages.
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atherosclerotic activity23,24 and the prevention of cardiovascular
disease.22 Solid phase extraction (SPE) is commonly used to
extract polyphenols for further quantication and identica-
tion. However, this method has some disadvantages, as it is
time-consuming and leads to a very low yield of polyphenols in
huangjiu extraction (data not shown). Liquid–liquid extraction
with ethyl acetate was also used for polyphenol extraction in this
study, and the results indicated that only 12.83% polyphenols
in huangjiu were detected in the organic phase (ESI Table S2†).
Moreover, crude polyphenols also contain monosaccharides,
oligosaccharides, peptides and amino acids, which could
interfere with further quantication and identication in
This journal is © The Royal Society of Chemistry 2019
HPLC. Therefore, a method is necessary to effectively extract
polyphenols from huangjiu for further biological activity
studies.

In consideration of this situation, we established a method
combining extraction and purication to better extract poly-
phenol from huangjiu. Aer extraction and purication, 22.57%
polyphenols from huangjiu were successfully extracted, and
most of the proteins and sugars were removed from huangjiu
polyphenol extract (HPE), which was used for further HPLC
analysis and anti-inammatory experiments. This established
method is suitable for polyphenol extraction at a large scale and
its application will supply sufficient samples for biological
activities analysis.

Using this method, HPE with low levels of total protein and
total sugar was used for further HPLC analysis. The results
indicated that HPE contains 11 polyphenols and (+)-catechin is
the predominant phenolic compound among the 11 detected
polyphenols. This result is in accordance with previous
research, which reported the highest content of (+)-catechin
among all detected polyphenols in commercially available
huangjiu.30,31 In previous studies, (+)-catechin exhibited various
bioactivities, and polyphenol extract with a high content of
(+)-catechin also showed bioactive potential, including antioxi-
dant, antibacterial and anti-inammatory properties.32–34

Therefore, HPE, which is rich in the phenolic compound
(+)-catechin, may be a potential agent for anti-inammatory
applications.

The murine macrophage cell line RAW264.7 is frequently
used as the model cell for inammation-related research due to
its reproducible response to LPS or TNF-a. In this study, LPS-
stimulated RAW264.7 macrophages were successfully estab-
lished to test the anti-inammatory activity of HPE. The results
indicated that the production of NO and pro-inammatory
cytokines (e.g. IL-1b, TNF-a, IL-6) was effectively inhibited by
HPE. In RAW264.7 cells, NO is mainly produced by inducible
nitric oxide synthase (iNOS), which is regulated by heme
oxygenase-1 (HO-1), an anti-inammatory enzyme.35 HO-1 is
mainly regulated by the transcription factor Nrf2, which trans-
locates to the nucleus and activates the expression of HO-1. In
previous studies, polyphenol extracts inhibited NO production
by up-regulating the translocation of Nrf2 into the nucleus and
thus enhanced HO-1 expression, which nally inhibited NO
production.26,27 In this study, the treatment of HPE in LPS-
stimulated RAW264.7 cells led to the up-regulation of HO-1
expression and Nrf2 translocation, and thus led to the down-
regulation of iNOS expression. Therefore, this mechanism
explains the inhibitory effect of HPE on NO production in LPS-
stimulated RAW264.7 cells.

Pro-inammatory cytokine expression is also regulated by
HO-1 expression and Nrf2 translocation.26,27 However, pro-
inammatory cytokine expression may be regulated by more
than one pathway. As well as Nrf2, NF-kB is also an important
transcription factor in the inammation process and regulates
the expression of cytokines, chemokines and growth factors.36

NF-kB was rst found in the B cell nucleus and reported by Sen
& Baltimore.37 In the following years, NF-kB was found to play
a central role in immunological processes. NF-kB is
RSC Adv., 2019, 9, 5295–5301 | 5299
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constitutively located in the cytoplasm in the inactive form,
which interacts with its inhibitory protein IkB.38 The activation
of NF-kB is carried out by the stimulation of cells by LPS or some
inammatory cytokines. During the process of NF-kB activation,
IkB is phosphorylated and subsequently degraded, while the
released NF-kB dimers (p65 and p50) move into the nucleus.
Aer binding to the target location in DNA, NF-kB initiates the
transcription of the target genes and promotes the production
of pro-inammatory cytokines. Some pro-inammatory cyto-
kines also stimulate cells to activate NF-kB, and thus act as
autocrine feedback signals to further enhance the production of
these cytokines. In this study, treatments of HPE effectively
inhibit the phosphorylation of IkB and also show the down-
trend of p65 (subunit of NF-kB) levels in the nucleus. There-
fore, HPE suppresses pro-inammatory cytokine production
through the NF-kB pathway.

Recently, numerous studies have revealed that the MAPK
pathway is also involved in anti-inammatory activity.26,39 MAPK
family proteins, including p-38, Erk 1/2 and JNK, participate in
the inammation with their phosphorylated forms, e.g. P-p-38,
P-Erk 1/2, and P-JNK. The phosphorylation of the MAPK family
proteins promotes the activation and translocation of NF-kB,
and thus promotes pro-inammatory cytokine expression. Our
results indicated that the process of phosphorylation stimu-
lated by LPS is inhibited by HPE treatment. Therefore, we
proposed the possible mechanism of HPE exerting anti-
inammatory activity including the inactivation of NF-kB (by
inhibiting the phosphorylation of IkB and NF-kB translocation
to the nucleus), the phosphorylation of the MAPK family
proteins (p-38, Erk1/2 and JNK) and the activation of Nrf2 and
HO-1.

Conclusion

Based on the established extraction method, huangjiu poly-
phenol extract (HPE) was obtained and HPLC analysis indicated
that the predominant polyphenol is (+)-catechin. In LPS-
stimulated RAW264.7 macrophages, HPE exhibited great anti-
inammatory activity and effectively inhibited the expression
of NO and pro-inammatory cytokines. Moreover, we proposed
the possible mechanism of the HPE anti-inammatory activity,
which will be benecial for gaining a better understanding of
the potential value of HPE. From this study, we revealed the
functional and nutritional values of huangjiu, which have
potential for the prevention of inammatory-associated
diseases by the suitable uptake of polyphenols.
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