DE GRUYTER

Open Med. 2019; 14: 847-853

Research Article

Mingmei Wang*, Jianli Ma

Effect of NGR1 on the atopic dermatitis model and

its mechanisms

https://doi.org/10.1515/med-2019-0099
received April 16, 2019; accepted September 30, 2019

Abstract: Atopic dermatitis (AD) is a highly pruritic
chronic inflammatory skin disease. Notoginsenoside R1
(NGR1), a unique ingredient of P. notoginseng which is
a well-known medicinal herb for its long history of use
in traditional Chinese medicine, has been identified to
have various biologically active properties that include
anti-inflammatory effects. However, the effects of NGR1 on
AD remain unclear. Therefore, this study aimed to inves-
tigate the effect and mechanism of NGR1 on the in vitro
cell model of AD induced by LPS stimulation. RAW264.7
cells were stimulated with 1 pg/ml LPS to establish the in
vitro cell inflammation model of AD. RAW264.7 cells were
treated with various concentrations of NGR1 (0.1, 1, and 10
uM); then, an MTT assay was performed to determine the
cell viability. An ELISA assay detected the levels of pro-in-
flammatory cytokines (interleukin-1p, IL-1B; interleukin-6,
IL-6; tumor necrosis factor-a, TNF-a). Additionally, NO
production was measured using a nitrate/nitrite assay
kit. Results indicated that LPS induced increases in the
levels of TNFa, IL-1B, IL-6, and NO production was signifi-
cantly reduced by NGR1 treatment in a dose-dependent
manner. Further, NGR1 treatment inhibited the activation
of the NF-kB pathway, and the NLRP3 inflammasome in
LPS stimulated RAW264.7 macrophages. The study data
indicated that NGR1 might relieve atopic dermatitis via
inhibiting inflammation through suppressing the NF-xB
signaling pathway and NLRP3 inflammasome activation.
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1 Introduction

As a highly pruritic chronic inflammatory skin disease,
atopic dermatitis (AD) affects 10%—-20% of children glob-
ally [1,2]. Characterized by infiltration of inflammatory
cells (such as mast cells, eosinophils, and macrophages)
into damaged skin [1-3], the pathogenesis of AD has not
been fully elucidated but is thought to result from a
complex interaction of immune, genetic, and environ-
mental factors [4]. As a major public health problem, in
addition to the pediatric prevalence rate, AD has an adult
prevalence rate of 1%-3% [5,6]. Currently, although great
progress has been made in the treatment of AD, no highly
effective treatment for AD has been developed. Therefore,
finding new and effective methods for treating AD is a pri-
ority.

Notoginsenoside R1 (NGR1) is a novel didodecadiene
20(S)-protopanaxatriol saponin that has been identified
as a unique saponin in Panax notoginseng [7]. A large
body of evidence indicates that NGR1 has neuroprotective,
cardioprotective, as well as anti-tumor, antioxidant, and
anti-inflammatory effects [8-14]. Current studies have indi-
cated that NGR1 plays a protective role in the treatment of
cardiac dysfunction [15,16], acute liver failure [17], diabetic
nephropathy [18], colorectal cancer [12], cardiac hypertro-
phy [19] etc. However, to the best of our knowledge, the
effects of NGR1 on AD remain unclear; therefore, we per-
formed the current study.

It is well known that macrophages play a key role in
initiating and expanding inflammatory responses [20].
Lipopolysaccharide (LPS) is a major component of the
outer membrane of Gram-negative bacteria and is one of
the most effective inflammatory initiators that can acti-
vate monocytes and macrophages to produce proinflam-
matory cytokines [21]. In recent years, LPS-induced cellu-
lar inflammation models have widely been used in in vitro
studies of AD [22-24].

In the present study, we investigated the effect of NGR1
on the in vitro cell inflammation model of AD induced by
LPS stimulation and explored the underlying mechanism.
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2 Materials and methods

2.1 Cell culture

The RAW264.7 macrophage cell line was purchased from
the Chinese Academy of Sciences Cell Bank (Shanghai,
China). RAW264.7 cells were grown in DMEM containing
10% fetal bovine serum (FBS; HyClone, Utah, USA) and
1% penicillin-streptomycin. The cells were incubated at
37°C with 5% CO,.

2.2 AD cell model establishment

To establish the AD cell inflammation model in vitro,
RAW264.7 cells were stimulated with 1 pg/ml LPS for 24
h. The RAW264.7 cells were incubated in DMEM medium
supplemented with 10% FBS for 24 h. Then, in addition
to an untreated control sample, three samples of the cells
were pretreated with 0.1, 1 or 10 pM notoginsenoside
R1 (NGR1); for 2 h in serum-free media; subsequently,
the cells were subjected to 1 pg/ml LPS at 37°C for 24 h.
Cells were divided into four groups: the control group
(RAW264.7 untreated cells); the LPS group (RAW264.7
cells were subjected to 1 pg/ml LPS at 37°C for 24 h); the
0.1 UM group (RAW264.7 cells were pretreated with 0.1 uM
NGR1 for 2 h, then subjected to 1 pg/ml LPS at 37°C for 24
h); the 1 pM group (RAW264.7 cells were pretreated with 1
MM NGRI1 for 2 h, then subjected to 1 pg/ml LPS at 37°C for
24 h); the 10 pM group (RAW264.7 cells were pretreated
with 10 uM NGR1 for 2 h, then subjected to 1 pg/ml LPS at
37°C for 24 h).

2.3 Cell viability assay

We performed an MTT assay to determine the cell viability
in the present study. In brief, RAW264.7 cells were plated
into a 96-well plate at the density of 3x10° cells per well
and then treated with or without various concentrations of
NGR1 (0.1, 1, and 10 puM) for 24 h. Subsequently, we added
5 mg/ml MTT solution to each well, and the cells were
incubated at 37°C for another 4 h. At the end of the exper-
iment, the optical densities (OD) at 590 nm was detected
using a microplate reader (BioRad Laboratories, Inc., Her-
cules, CA, USA). The experiments were repeated 3 times.
Cells in this experiment was divided into four groups: the
control group (RAW264.7 cells without any treatment);
0.1 uM group (RAW264.7 cells treated with 0.1 uM NGR1 at
37°C for 24 h); 1 pM group (RAW264.7 cells treated with 1
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UM NGR1 at 37°C for 24 h); 10 uM group (RAW264.7 cells
treated with 10 pM NGR1 at 37°C for 24 h).

2.4 NO level detection

RAW?264.7 cells were pretreated with concentrations of
NGR1 (0.1, 1, and 10 pM) for 2 h in serum-free media; other
than the control group, the pretreated cells were then
treated with 1 pg/ml LPS at 37°C for 24 h. The level of NO
in the supernatants of the cells was determined using the
nitrate/nitrite assay kit (Abnova, USA) following the man-
ufacturer’s protocol. Experiments were repeated 3 times.

2.5 ELISA assay

To detect the levels of interleukin-1f (IL-1B), interleu-
kin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in the
cell culture medium of RAW264.7 cells, ELISA assay was
performed. The levels of IL-1B, IL-6 and TNF-a in the cell
culture medium of different groups were detected using
ELISA kits according to the manufacturer’s instructions.
Cells in the control group did not receive any treatment.
Each test was performed 3 times.

2.6 Reverse transcription quantitative poly-
merase chain reaction (RT-qPCR)

Total RNA from RAW264.7 cells was extracted using
TRIzol (Invitrogen; Thermo Fisher Scientific Inc.) and
reverse-transcribed into cDNA using a TagMan microRNA
Reverse Transcription kit (Invitrogen) according to the
manufacturer’s protocol. The temperature protocol for the
reverse transcription reaction was as follows: 25°C for 5
min, 42°C for 60 min, and 80°C for 2 min. We then used
the TagMan® Universal PCR Master Mix kit (Thermo Fisher
Scientific Inc.) to analyze the mRNA levels. Amplification
conditions for PCR were as follows: 95°C for 10 min, 35
cycles of 95°C for 15 sec, then 55°C for 40 sec. GAPDH was
used as the internal control. Relative gene expression was
quantified by the 2**¢“@method [25].

2.7 Western blot assay

Protein levels were calculated using western blotting in
the present study. Total proteins from cells were extracted
using lysis buffer (Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China) according to the manufacturer’s
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protocol. BCA assay (Thermo Fisher Scientific, Inc.) was
performed to detect the protein concentrations. Equal
amount of proteins (25 pg per lane) were separated by 12%
SDS-PAGE, electro-transferred onto PVDF membranes
(Millipore, Bedford, MA, USA), blocked with 5% non-fat
milk for 1 h at room temperature, and then incubated with
the primary antibodies [p-NF-kB (p-p65), NLRP3, ASC,
cleaved caspase-l, caspase-1, iNOS, COX2 and f-actin]
overnight at 4°C. After washing 3 times with TBST, the
membranes were incubated with a secondary antibody at
room temperature for 1 h. Protein bands were visualized
using an enhanced chemiluminescence system (Pierce)
per manufacturer’s instructions and quantified using
Quantity One Version 4.6 Image software (Bio-Rad).

2.8 Statistical analysis

Data were displayed as the mean + standard deviation
(SD) from 3 independent experiments. Statistical analy-
ses were performed using SPSS version 19.0 (SPSS Inc.,
Chicago, USA). Comparisons between groups were per-
formed by Student’s t-test or one-way ANOVA followed by
NSK test; p<0.05 indicated statistically significance.

3 Results

3.1 NGR1 had no significant effect on the
viability of RAW264.7 macrophages

After treatment with various concentrations of NGR1 (0.1,
1, and 10 pM) for 24 h, the cytotoxic effects of NGR1 on
RAW264.7 cells were determined by MTT assay. We found
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that the cell viability of RAW264.7 cells showed no signifi-
cant difference between groups, indicating that NGR1 had
no cytotoxic effect on RAW264.7 cells (Figure 1).

3.2 NGR1 reduced LPS-induced pro-inflam-
matory cytokine secretion in RAW264.7
macrophages

We then investigated whether NGR1 had anti-inflamma-
tory effects on AD in vitro cell inflammation model; the
levels of TNF-a, IL-18 and IL-6 in the culture supernatants
of RAW264.7 macrophages were detected using ELISA
assay. Results showed that LPS-induced increases of
TNF-a, IL-1B and IL-6 were decreased by NGR1 treatment
in a dose-dependent manner (Figure 2).
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Figure 1: Effect of NGR1 on the viability of RAW264.7 macrophages.

RAW264.7 cells were treated with concentrations of NGR1 (0.1, 1,
and 10 uM) for 24 h, the cell viability was then determined by MTT
assay. Data were displayed as the mean + SD.
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Figure 2. Effects of NGR1 on pro-inflammatory cytokine production in LPS-treated RAW264.7 cells.

In addition to an untreated control sample, RAW264.7 cells were pretreated with concentrations of NGR1 (0.1, 1, and 10 pM) for 2 h and then
treated with 1 pg/mlLPS at 37°C for 24 h. The levels of TNF-a, IL-1B, and IL-6 in the culture supernatants of RAW264.7 macrophages were
then detected by ELISA. Data were presented as the mean + SD. **p<0.01 vs. control group; #, ## p<0.05, 0.01 vs. LPS treatment alone group.
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3.3 NGR1reduced LPS-induced NO produc-
tion in RAW264.7 macrophages

Compared with the control group, the level of NO increased
significantly in the LPS-treated RAW264.7 macrophages;
this increase was reversed by NGR1 administration in a
dose-dependent manner (Figure 3A).

Because iNOS and COX2 are closely related to NO
production, we examined the protein and mRNA levels
of iNOS and COX2. Figure 3B-D shows that the protein
and mRNA levels of iNOS and COX2 were significantly
enhanced in RAW264.7 macrophages by LPS treatment,
whereas NGR1 markedly reduced the protein and mRNA
levels of iNOS and COX2 (Figure 3B-D).

3.4 NGR1inhibited the activation of NF-kB
pathway in LPS-stimulated RAW264.7
macrophages

Next, we investigated whether NF-kB pathway was
involved in the anti-inflammatory effect of NGR1 on LPS
induced in RAW264.7 macrophages. As shown in Figure
4A and B, LPS stimulation significantly increased the
protein level of p-p65 in RAW264.7 cells. However, NGR1
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pretreatment significantly attenuated the enhancement of
P-p65.

3.5 NGR1inhibited the activation of NLRP3
inflammasome in LPS-stimulated RAW264.7
macrophages

Finally, we investigated the effect of NGR1 on NLRP3
inflammasome activation in LPS induced RAW264.7 cells.
Compared with the control group, the protein levels of
NLRP3, ASC, cleaved caspase-l, and caspase-1 were all
markedly enhanced in the LPS-treated RAW264.7 cells.
NGRI1 treatment notably inhibited LPS induced enhance-
ment of NLRP3, ASC, cleaved caspase-1, and caspase-1
protein levels (Figure 5A and E). Additionally, the LPS-en-
hanced NLRP3, ASC, and caspase3 mRNA levels were sig-
nificantly reduced by NGR1 treatment (Figure 5B-D).

4 Discussion

The present study demonstrated that NGR1 significantly
reduced the levels of pro-inflammatory cytokines and
NO production that were enhanced by LPS stimulation in
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Figure 3: Effects of NGR1 on NO production, iNOS and COX2 expression in LPS-treated RAW264.7 cells.

In addition to an untreated control sample, RAW264.7 cells were pretreated with various concentrations of NGR1 (0.1, 1 and 10 pM) for 2 h
and then treated with 1 pg/ml LPS at 37°C for 24 h. A: the secretion of NO was detected using the nitrate/nitrite assay kit; B: protein levels
of INOS and COX2 were measured by western blot assay; C and D: mRNA levels of iNOS and COX2 were measured by qRT-PCR. Data were
expressed as the mean + SD. **p<0.01 vs. control group; #, ## p<0.05, 0.01 vs. LPS treatment alone group.
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Figure 4: Effects of NGR1 on phosphorylation of NF-kB/p65 protein expression in LPS-treated RAW264.7 cells.

In addition to an untreated control sample, RAW264.7 cells were pretreated with various concentrations of NGR1 (0.1, 1, and 10 pM) for 2 h
and then treated with 1 pg/mlLPS at 37°C for 24 h. A: the protein level of p-p65 was detected using western blotting; B: the relative protein
level of p-p65 was analyzed and presented as the fold of the control. Data were expressed as the mean + SD. **p<0.01 vs. control group; #,

## p<0.05, 0.01, vs. LPS treatment alone group.
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Figure 5: Effects of NGR1 on NLRP3 inflammasome in LPS-treated RAW264.7 cells.

In addition to an untreated control sample, RAW264.7 cells were pretreated with various concentrations of NGR1 (0.1, 1, and 10 pM) for 2

h and then treated with 1 pg/ml LPS at 37°C for 24 h. A: the protein levels of NLRP3, ASC, cleaved caspase-1, and caspase-1 were detected
using western blotting; B, C, D: the mRNA levels of NLRP3, ASC, and caspase-1 were detected using qRT-PCR; E: the relative protein level of
cleaved caspase-1was analyzed and presented as fold of control. Data were expressed as the mean + SD. **p<0.01 vs. control group; #, ##

p<0.05, 0.01vs. LPS treatment alone group.

RAW?264.7 cells. Additionally, the activation of the NF-kB
pathway and NLRP3 inflammasome in RAW264.7 cells
caused by LPS stimulation was repressed by NGR1 treat-
ment. Therefore, the present study identified a potential
new method for the treatment of AD.

Currently, AD seriously affects the quality of life of
patients [26]. In recent years, although some drugs (anti-

histamines, steroids, and immunosuppressants) are avail-
able for the treatment of AD, their long-term efficacy is
limited by side effects. In this study, we investigated the
effect of NGR1, which has been identified to have anti-in-
flammatory effects [27], on AD in vitro cell inflammation
model.
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We firstly determined whether NGR1 had a cytotoxic
effect on RAW264.7 cells, and RAW264.7 cells treated with
various concentrations of NGR1 (0.1, 1 and 10 pM) for 24 h.
The results indicated that NGR1 had no cytotoxic effect on
RAW264.7 cells. Then, to investigate the effect of NGR1 on
AD, an in vitro cell inflammation model of AD was estab-
lished by stimulating RAW264.7 cells with LPS for 24 h.
Consistent with the previous study [23], our data showed
that LPS stimulation significantly enhanced the produc-
tion of pro-inflammatory cytokines (TNF-q, IL-1 and IL-6)
and NO.

iNOS, a major producer of NO, plays an important
role in the progression of inflammatory diseases, includ-
ing AD [28]. COX-2 expression is enhanced in inflamma-
tion-related cells after cytokine stimulation during the
immune reaction, resulting in the secretion of PGD2 and
PGE2, which are involved in the inflammatory response
[28]. Also, studies have indicated that LPS treatment could
enhance iNOS and COX-2 expression in RAW264.7 cells
[29,30]. Therefore, we explored whether the expression
of iNOS and COX2 could be affected by NGR1. Consistent
with previous studies [29,30], our results indicated that
LPS treatment significantly increased the expression of
iNOS and COX2, and that these increases were reduced by
NGRI1 treatment.

NF-xB is a ubiquitously expressed transcription factor
that can regulate the expression of many inflammatory
cytokines. NF-kB pathway activation in LPS-induced
RAW264.7 cells has also been reported [29,30]. In addi-
tion, LPS treatment could enhance NLRP3 inflammas-
ome activation in RAW264.7 cells [31]. Studies have also
revealed that the NF-kB pathway activation participates in
NLRP3 inflammasome activation [32]. Finally, we explored
the underlying mechanism of the effect of NGR1 on LPS-
treated AW264.7 cells, the NF-xB pathway, and the NLRP3
inflammasome. Consistent with previous studies [29-31],
our findings suggested that LPS treatment significantly
activated the NF-xB and NLRP3 inflammasome pathways,
whereas NGR1 treatment markedly repressed the activa-
tion of the NF-kB pathway and NLRP3 inflammasome.

In summary, the present study demonstrated that
NGR1 treatment inhibited the production of pro-inflam-
matory cytokines and NO in LPS treated AW264.7 cells,
which might be mediated by inhibiting the activation of
NF-kB/NLRP3 inflammation signaling pathway and might
therefore relieve atopic dermatitis. Therefore, NGR1 may
be a potential therapeutic agent for treatment of atopic
dermatitis.

Competing interests: The authors declare that they have
no competing interests.

DE GRUYTER

References

[1] Nomura T., Kabashima K., Advances in atopic dermatitis in
2015, J. Allergy. Clin. Immunol., 2016, 138, 1548-1555; DOI:
10.1016/j.jaci.2016.10.004

[2] Barton M., Sidbury R., Advances in understanding and
managing atopic dermatitis, FLO0OORes., 2015, 4; DOI:
10.12688/f1000research.6972.1

[3] Bieber T., Simon H.U., Allergen-specific immunotherapy:
current concepts and future directions, ALLERGY., 2011, 66,
709-712; DOI: 10.1111/j.1398-9995.2011.02595

[4] Akdis C.A., Akdis M., Trautmann A., Blaser K., Inmune
regulation in atopic dermatitis, CURR. OPIN. IMMUNOL.,
2000, 12, 641-646; DOI 10.1016/50952-7915(00)00156-4

[5] Bieber T., Atopic dermatitis, N. Engl. J. Med., 2008, 358,
1483-1494; DOI: 10.1056 /NEJMra074081

[6] Leung D.Y., Bieber T., Atopic dermatitis, LANCET., 2003, 361,
151-160; DOI: 10.1016/50140-6736(03)12193-9

[7] Wang Q., Jiang Y.Q., Ma S.P., Dang X.D., [Determination of
notoginsenoside R1in radix notoginseng by HPLC-ELSD],
Zhongguo. Zhong. Yao. Za. Zhi., 2000, 25, 617-618

[8] YuY., Sun G., Luo Y., Wang M., Chen R., Zhang ., et al.,
Cardioprotective effects of Notoginsenoside R1 against
ischemia/reperfusion injuries by regulating oxidative
stress- and endoplasmic reticulum stress- related signaling
pathways, Sci. Rep., 2016, 6, 21730; DOI: 10.1038/srep21730

[9] SuP., DuS., LiH.,LiZ., Xin W., Zhang W., Notoginsenoside
R1inhibits oxidized low-density lipoprotein induced
inflammatory cytokines production in human endothelial
EA.hy926 cells, EUR. J. PHARMACOL., 2016, 770, 9-15. DOI:
10.1016/j.ejphar.2015.11.040

[10] YanS., LiZ.,LiH., Arancio O., Zhang W., Notoginsenoside R1
increases neuronal excitability and ameliorates synaptic and
memory dysfunction following amyloid elevation, Sci. Rep.,
2014, 4, 6352; DOI: 10.1038/srep06352

[11] MaB., Meng X., Wang )., SunJ., Ren X., Qin M., et al.,
Notoginsenoside R1 attenuates amyloid-beta-induced
damage in neurons by inhibiting reactive oxygen species and
modulating MAPK activation, INT. IMMUNOPHARMACOL.,
2014, 22, 151-159; DOI:10.1016/j.intimp.2014.06.018

[12] Lee C.Y., Hsieh S.L., Hsieh S., Tsai C.C., Hsieh L.C., Kuo Y.H.,
et al., Inhibition of human colorectal cancer metastasis by
notoginsenoside R1, an important compound from Panax
notoginseng, ONCOL. REP., 2017, 37, 399-407; DOI: 10.3892/
0r.2016.5222

[13] LiuW.)., Tang H.T., Jia Y.T., Ma B., Fu J.F., WangY., et al.,
Notoginsenoside R1 attenuates renal ischemia-reperfusion
injury in rats, SHOCK., 2010, 34, 314-320; DOI: 10.1097/
SHK.0b013e3181ceede4

[14] ZhangH.S., Wang S.Q., Notoginsenoside R1 inhibits TNF-al-
pha-induced fibronectin production in smooth muscle cells
via the ROS/ERK pathway, Free. Radic. Biol. Med., 2006, 40,
1664-1674; DOI: 10.1016/].freeradbiomed.2006.01.003

[15] GeZ.R.,Xu M.C., HuangY.U., Zhang C.}., Lin J.E., Ruan C.W.,
Cardioprotective effect of notoginsenoside R1in a rabbit lung
remote ischemic postconditioning model via activation of the
TGF-betal/TAK1 signaling pathway, EXP. THER. MED., 2016, 11,
2341-2348; DOI: 10.3892/etm.2016.3222


https://doi.org/10.1016/j.jaci.2016.10.004.
https://doi.org/10.1016/j.jaci.2016.10.004.
https://doi.org/10.12688/f1000research.6972.1.
https://doi.org/10.12688/f1000research.6972.1.
https://doi:
https://doi:
https://doi;
https://doi:
https://doi:
https://doi:
https://doi:
https://doi:
https://doi:

DE GRUYTER

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Xia K.P., Ca H.M., Shao C.Z., Protective effect of notogin-
senoside R1in a rat model of myocardial ischemia
reperfusion injury by regulation of Vitamin D3 upregulated
protein 1/NF-kappaB pathway, PHARMAZIE., 2015, 70,
740-744;DOI: 10.1691/ph.2015.5694

ZhaoJ., ShiZ., LiuS., Li)., Huang W., Ginsenosides Rg1 from
Panax ginseng: A Potential Therapy for Acute Liver Failure
Patients, Evid. Based. Complement. Alternat. Med., 2014,
2014, 538059; DOI: 10.1155/2014/538059

Gui D., Wei L., Jian G., Guo Y.,Yang J., Wang N., Notogin-
senoside R1 ameliorates podocyte adhesion under diabetic
condition through alpha3betal integrin upregulation in vitro
and in vivo, CELL. PHYSIOL. BIOCHEM., 2014, 34, 1849-1862;
DOI: 10.1159/000366384

Xiao )., ZhuT.,Yin Y.Z., Sun B., Notoginsenoside R1, a unique
constituent of Panax notoginseng, blinds proinflammatory
monocytes to protect against cardiac hypertrophy in ApoE(-/-)
mice, EUR. . PHARMACOL., 2018, 833, 441-450; DOI:
10.1016/j.ejphar.2018.07.004

Kanno S., Shouji A., Tomizawa A., Hiura T., Osanai Y., Ujibe
M., et al., Inhibitory effect of naringin on lipopolysaccharide
(LPS)-induced endotoxin shock in mice and nitric oxide
production in RAW 264.7 macrophages, LIFE. SCl., 2006, 78,
673-681; DOI: 10.1016/].1fs.2005.04.051

Fujihara M., Muroi M., Tanamoto K., Suzuki T., Azuma H.,
Ikeda H., Molecular mechanisms of macrophage activation
and deactivation by lipopolysaccharide: roles of the receptor
complex, Pharmacol. Ther., 2003, 100, 171-194

JuH.P.,Jun S.)., Ki C.K., Jin T.H., Anti-inflammatory effect of
Centella asiatica phytosome in a mouse model of phthalic
anhydride-induced atopic dermatitis, PHYTOMEDICINE., 2018,
43, 110-119; DOI: 10.1016/j.phymed.2018.04.013

Lee H.N., Shin S.A., Choo G.S., Kim H.J., Park Y.S., Kim B.S.,
et al., Antiinflammatory effect of quercetin and galangin in
LPSstimulated RAW264.7 macrophages and DNCBinduced
atopic dermatitis animal models, INT. ). MOL. MED., 2018, 41,
888-898; DOI: 10.3892/ijmm.2017.3296

Chun S.Y., Lee K.S., Nam K.S., Refined Deep-Sea Water
Suppresses Inflammatory Responses via the MAPK/AP-1

and NF-kappaB Signaling Pathway in LPS-Treated RAW 264.7

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Effect of NGR1 on atopic dermatitis in vitro =——— 853

Macrophage Cells, INT. J. MOL. SCl., 2017, 18; DOI: 10.3390/
ijms18112282

Livak K.J., Schmittgen T.D., Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) Method, METHODS., 2001, 25, 402-408;
DOI: 10.1006/meth.2001.1262

Yaghmaie P., Koudelka C.W., Simpson E.L., Mental health
comorbidity in patients with atopic dermatitis, J. Allergy.
Clin. Immunol., 2013, 131, 428-433. DOI: 10.1016/j.
jaci.2012.10.041

Sun B., Xiao J., Sun X.B., Wu Y., Notoginsenoside R1
attenuates cardiac dysfunction in endotoxemic mice: an
insight into oestrogen receptor activation and PI3K/Akt
signalling, Br. J. Pharmacol., 2013, 168, 1758-1770; DOI:
10.1111/bph.12063

Orita K., Hiramoto K., Kobayashi H., Ishii M., Sekiyama

A., Inoue M., Inducible nitric oxide synthase (iNOS) and
alpha-melanocyte-stimulating hormones of iNOS origin
play important roles in the allergic reactions of atopic
dermatitis in mice, EXP. DERMATOL., 2011, 20, 911-914; DOI:
10.1111/j.1600-0625.2011.01360.x

Ryu H.W., Park M.H., Kwon O.K., Kim D.Y., Hwang ).Y., Jo
Y.H., et al. Anti-inflammatory flavonoids from root bark of
Broussonetia papyriferain LPS-stimulated RAW264.7
cells, Bioorg. Chem., 2019, 92, 103233; DOI: 10.1016/].
bioorg.2019.103233

LeeS., Lee D., Jang T.S., Kang K.S., Nam J.W., et al. Anti-In-
flammatory Phenolic Metabolites from the Edible Fungus
Phellinus baumii in LPS-Stimulated RAW264.7 Cells,
Molecules, 2017, 22; ODI: 10.3390/molecules22101583.

Liu A., Ding S.. Anti-inflammatory Effects of Dopamine in
Lipopolysaccharide (LPS)-stimulated RAW264.7 Cells vial
nhibiting NLRP3 Inflammasome Activation, Ann. Clin. Lab.
Sci., 2019, 49, 353-360

Shao A., Wu H., Hong Y., Tu S., Sun X., Wu Q., et al.,
Hydrogen-Rich Saline Attenuated Subarachnoid Hemorrhage-
Induced Early Brain Injury in Rats by Suppressing
Inflammatory Response: Possible Involvement of NF-kappaB
Pathway and NLRP3 Inflammasome, MOL. NEUROBIOL., 2016,
53, 3462-3476; DOI: 10.1007/512035-015-9242-y


https://doi:
https://doi:
https://doi:
https://doi:
https://doi;
https://doi:
https://doi:
https://doi:
https://doi;
https://doi:
https://doi:
https://www.ncbi.nlm.nih.gov/pubmed/31518759
https://www.ncbi.nlm.nih.gov/pubmed/31518759
https://www.ncbi.nlm.nih.gov/pubmed/31518759
https://www.ncbi.nlm.nih.gov/pubmed/28934155
https://www.ncbi.nlm.nih.gov/pubmed/28934155
https://www.ncbi.nlm.nih.gov/pubmed/28934155
https://www.ncbi.nlm.nih.gov/pubmed/31308035
https://www.ncbi.nlm.nih.gov/pubmed/31308035
https://www.ncbi.nlm.nih.gov/pubmed/31308035
https://doi:

	_neb8172E019_CE18_4E88_BB7D_43D2CF4754F1

