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Endothelial cells are the fundamental components of blood vessels that regulate several
physiological processes including immune responses, angiogenesis, and vascular tone.
Endothelial dysfunction contributes to the development of various diseases such as acute
lung injury, and endothelial inflammation is a vital part of endothelial dysfunction. Dauricine is an
extract isolated fromMenispermumdauricumDC, a traditional Chinesemedical plant that can be
used for pharyngitis. In this work, we found that IL-1β-induced overexpression of intercellular
adhesionmolecule-1 (ICAM-1), vascular cell adhesionmolecule-1 (VCAM-1), and E-selectin was
inhibited by dauricine in primary human umbilical vein endothelial cells (HUVECs).
Correspondingly, adhesion of human acute monocytic leukemia cell line (THP-1) to HUVECs
was decreased by dauricine. Further studies showed that dauricine inhibited the activation of
nuclear factor-κB (NF-κB) pathway in HUVECs stimulatedwith IL-1β. In vivo, dauricine protected
mice from lipopolysaccharide (LPS)-induced acute lung injury. In lung tissues, the activation of
NF-κB pathway and the expression of its downstream genes (ICAM-1, VCAM-1, and E-selectin)
were decreasedbydauricine, consistentwithwhatwas found in vitro. In summary,weconcluded
that dauricine could alleviate endothelial inflammation by suppressing NF-κB pathway, which
might serve as an effective candidate for diseases related with endothelial inflammation.
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INTRODUCTION

The vascular endothelium forms the inner surface of the cardiovascular system. It is not only a natural
blood–organ barrier but also an endocrine tissue that plays pivotal roles in immune responses,
angiogenesis, hemostasis, and the regulation of vascular tone (Boulanger, 2016; Sturtzel, 2017).
Endothelial dysfunction has been noticed in various pathological states, including atherosclerosis,
hypertension, kidney disease, and sepsis (Gimbrone and García-Cardeña, 2016; Konukoglu and Uzun,
2017; Jourde-Chiche et al., 2019; Joffre et al., 2020). Aggravated endothelial inflammation, which is
characterized by overexpressed cytokines and adhesion molecules such as intercellular adhesion
molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), and selectins (Konukoglu and
Uzun, 2017), is an important pathological process in endothelial dysfunction. Several molecules and
pathways that regulate endothelial inflammation have been elucidated, amongwhich the classic nuclear
factor-κB (NF-κB) proinflammatory pathway attracted wide attention (Brasier, 2010; Rao et al., 2019).

Edited by:
Yun Zhang,

Shandong University, China

Reviewed by:
Shuangxi Wang,

Shandong University, China
Wared Nour-Eldine,

Qatar Biomedical Research Institute,
Qatar

Mingxiang Zhang,
Shandong University, China

*Correspondence:
Kai Huang

huangkai_hust@126.com

†These authors contributed equally to
this work and shared first authorship

Specialty section:
This article was submitted to
Inflammation Pharmacology,

a section of the journal
Frontiers in Pharmacology

Received: 15 August 2021
Accepted: 29 October 2021

Published: 01 December 2021

Citation:
Hu J, Chen R, An J, Wang Y, Liang M

and Huang K (2021) Dauricine
Attenuates Vascular Endothelial

Inflammation Through Inhibiting NF-
κB Pathway.

Front. Pharmacol. 12:758962.
doi: 10.3389/fphar.2021.758962

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 7589621

ORIGINAL RESEARCH
published: 01 December 2021

doi: 10.3389/fphar.2021.758962

http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2021.758962&domain=pdf&date_stamp=2021-12-01
https://www.frontiersin.org/articles/10.3389/fphar.2021.758962/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.758962/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.758962/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.758962/full
http://creativecommons.org/licenses/by/4.0/
mailto:huangkai_hust@126.com
https://doi.org/10.3389/fphar.2021.758962
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2021.758962


Dauricine is an alkaloid extracted from the roots of
Menispermum dauricum DC, and this compound is a
traditional Chinese medicine that has been used to treat
rheumatism (Du et al., 1986). In early studies, dauricine was
found to exert an inhibitory effect in several inflammatory mouse
models (Du et al., 1986). Later, multiple functions of dauricine
were reported. Dauricine inhibited viability and induced cell
apoptosis by inhibiting the PI3K/Akt pathway in renal
carcinoma cells (Zhang et al., 2018). Lipopolysaccharide (LPS)-
induced bone loss was inhibited by dauricine as mediated via the
ROS/PP2A/NF-κB axis (Park et al., 2020). In a cerebral ischemia/
reperfusion rat model, dauricine attenuated the inflammatory
process by downregulating the expression of ICAM-1, TNF-α,
and IL-1β (Yang et al., 2007). Studies performed both in vivo and
in vitro have proven that dauricine protected against
Streptococcus pneumoniae coinfected with influenza virus
H5N1 through NF-κB pathway (Li et al., 2018). In our
previous work, we found that dauricine negatively regulated
LPS-induced acute lung injury and immune response of
macrophages (Qiao et al., 2019). However, the effect of
dauricine on endothelial inflammation remains unclear.

Since endothelial inflammation is involved in multiple
inflammatory diseases, targeting the inflammatory process in
endothelial cells may provide a potential therapeutic strategy.
Dauricine, an anti-inflammatory drug that has been proven
effective in treating the aforementioned inflammatory diseases,
might be an effective inhibitor of endothelial inflammation. In
this work, we intended to discover the function and potential
mechanism of dauricine in endothelial inflammation.

MATERIALS AND METHODS

Cell Culture
Human umbilical vein endothelial cells (HUVECs) were cultured
in specific endothelial medium (ScienCell, Carlsbad, CA,

United States) containing 1% endothelial cell growth
supplement, 5% fetal bovine serum, and 1% penicillin-
streptomycin solution in a cell incubator (37°C with 5% CO2).
In vitro experiments were performed on HUVECs between
passages 2 and 6. The human leukemia monocytic cell line
(THP-1) and human embryonic kidney-293T (293T) cell line
were obtained from American Type Culture Collection (ATCC,
Manassas, VA, United States).

Reagents
LPS was purchased from Sigma (St. Louis, MO, United States).
Dauricine was obtained from Shanghai Yuanye Bio-Technology
Co., Ltd (Shanghai, China) and diluted in dimethyl sulfoxide
(DMSO). Four concentrations (5, 10, 20, and 40 μM) were finally
reached in further experiment (Yang et al., 2010). The solvent
DMSO was used as vehicle control, and its final concentration in
the cell culture medium was controlled to be less than 0.1%.
Ultrafiltered water was used to dissolve the interleukin-1β (final
concentration, 10 ng/μl), and then it was filtered again by a 0.22-
μm filter (Zhao and Liang, 2019). Acetoxymethylester (BCECF-
AM) was purchased from the Beyotime Institute of
Biotechnology (Jiangsu, China).

Monocyte–Endothelial Cell Adhesion Assay
HUVECs were seeded into 6-well plates and grown until almost
80% confluence. Then, the cells were incubated with dauricine at
different concentrations for 8 h before 4-h stimulation with IL-1β
(10 ng/ml). Before use, THP-1 cells were harvested and
resuspended in 1640 medium after being labeled with BCECF-
AM for approximately 30 min. The collected THP-1 cells were
then added to each well containing HUVECs. After being
incubated for 30 min, the suspended THP-1 cells were
removed with phosphate-buffered saline (PBS). The
fluorescence signals of each well were photographed and then
analyzed.

FIGURE 1 | Chemical structure and cytotoxicity induced by dauricine. (A) Chemical structure of dauricine. (B) Dauricine was safe to use for HUVECs at
concentrations of 0–40 μM, as determined by MTT assay (n � 5). HUVECs, human umbilical vein endothelial cells.
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Real-Time Polymerase Chain Reaction
Assay
Primary HUVECs were pretreated with dauricine (5, 10, 20, and
40 μM) for 8 h. IL-1β was then administered for 4 h to induce
endothelial inflammation. After the treatment, HUVECs were
harvested for RNA extraction using a TRIzol reagent (TaKaRa,
Dalian, China; 9108). Total RANwas then transcribed into cDNA
by a PCR kit (TaKaRa) according to the manufacturer’s protocol.
Real-time PCR (RT-PCR) was conducted using commercial kits
(TaKaRa, RR820Q) as instructed by the manufacturer. Relative
mRNA expression levels were normalized and evaluated by the

2−ΔΔCT method. The primers used for target genes are all listed in
Supplementary Table S1.

Western Blotting
Western blotting assays were carried out as described previously
(Du et al., 2017). Primary antibodies in the experiments were
applied as follows: ICAM-1 (diluted at 1:1,000, ProteinTech,
Chicago, IL, United States), VCAM-1 (diluted at 1:1,000,
ProteinTech), E-selectin (diluted at 1:1,000, R&D Systems,
Minneapolis, MN, United States), β-tubulin (diluted at 1:1,000,
ProteinTech), NF-κB-p65 (diluted at 1:1,000, CST, Danvers, MA,

FIGURE 2 | Dauricine inhibited monocyte–endothelial cell interaction. (A) Representative images of THP-1 cells (green) that adhered to HUVECs (scale bar:
100 μm). (B) Quantitative analysis of THP-1 cells that adhered to HUVECs. Data are expressed as mean ± SD. ###p < 0.001 versus the vehicle group; ***p < 0.001
versus the vehicle + IL-1β group. DMSO, dimethyl sulfoxide; IL-1β, interleukin-1β; HUVECs, human umbilical vein endothelial cells.
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United States), NF-κB-pp65 (diluted at 1:1,000, CST), IκBα
(diluted at 1:1,000, CST), and phospho-IκBα (diluted at 1:
1,000, CST). Then the secondary antibodies with horseradish
peroxidase coupling (1:10,000 dilution) obtained from
ProteinTech were used for 2 h at room temperature.
Electrochemiluminescence (ECL) detection reagents were
purchased from Millipore (Billerica, MA, United States).
Target proteins in the membrane were visualized with a Bio-
Rad (Hercules, CA, United States) exposure imaging system.

Nuclear and Cytoplasmic Protein Extraction
HUVECs were grown to 90% confluence in a 60-mm cell culture
dish. Then vehicle (DMSO) or dauricine (40 μM) was given to the
cells for 8 h. After that, IL-1β (10 ng/ml) was administered for
another 4 h. Subsequently, cells were harvested for nuclear and
cytosolic proteins extraction by using an extraction kit (Beyotime,
P0027) according to the manufacturer’s instructions.

Immunofluorescence
HUVECs were given a stimulation by IL-1β (10 ng/ml) for 30 min
after the pretreatment with dauricine (5, 10, 20, and 40 μM) for
8 h. Cells were then harvested for immunofluorescence assay as

previously described (Zhong et al., 2020). A specific antibody
targeting p65 and a secondary antibody (Alexa Fluor®488, 1:800)
were obtained from CST. Images were taken with a fluorescence
microscope (Olympus, Tokyo, Japan). Immunofluorescence
staining of paraffin-embedded lung sections was performed
using a similar procedure after dewaxing and antigen recovery.

Luciferase Reporter Assay
A p65-overexpressing vector and luciferase reporter gene vector
containing the promoters for ICAM-1, VCAM-1, and E-selectin
were constructed as described before (Zhao and Liang, 2019).
Then, the vectors were introduced into 293T cells when the cell
density reached 70%–80% confluence. After incubation for 24 h,
the cells were administered with dauricine at a concentration of
40 μM for 8 h, and then cells were harvested. The Dual-Glo
luciferase Assay System (Promega, Madison, WI,
United States) was used to detect the activity of luciferase.

Chromatin Immunoprecipitation Assay
Chromatin immunoprecipitation (ChIP) assay was carried out by
a ChIP assay kit (Millipore). Rabbit IgG was used as the negative
control. The fractured DNA samples were pulled down by an

FIGURE 3 | Dauricine decreased the expression of ICAM-1, VCAM-1, and E-selectin in HUVECs. (A) Relative mRNA expression levels of ICAM-1, VCAM-1, and
E-selectin in HUVECs treated with IL-1β and dauricine by quantitative PCR (qPCR). (B) The protein levels of ICAM-1, VCAM-1, and E-selectin in HUVECs by Western
blotting. (C)Quantification of the relative expression level of proteins in panel B. Data are expressed as mean ± SD. ###p < 0.001 versus the vehicle group; ***p < 0.001,
**p < 0.01, *p < 0.05 versus the vehicle + IL-1β group. HUVECs, human umbilical vein endothelial cells; IL-1β, interleukin-1β.
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anti-NF-κB p65 antibody (CST). Subsequently, the enriched
DNA fragments were detected by PCR using specific primers
as shown in Supplementary Table S2 (Rao et al., 2019).

Animal Experiment
All animal experiments were approved by the Animal Ethics
Committee of Tongji Medical College, Huazhong University of
Science and Technology. Male C57BL/6 mice (8–10 weeks) were
obtained from Wuhan Beiente Biotechnology Company (Hubei,
China). DMSO or dauricine was administered orally with a
straight needle (12-gauge, 55 mm) once per day at the same
time in seven successive days. LPS (15 mg/kg, Sigma) was then
intraperitoneally injected to induce acute lung inflammation. The
mice were euthanized to collect lung tissues 24 h after the
administration of LPS.

Statistical Analysis
All experiments were performed at least in triplicate. GraphPad
Prism software was used for data analysis and output. ImageJ was
used for the quantification of images from Western blotting
assays. Quantitative data were presented as the mean ±
standard error of mean (SEM). Student’s t-tests were

performed to assess the statistical significance between two
groups. p < 0.05 was considered to be statistically significant.

RESULTS

Dauricine Was Nontoxic to Human
Umbilical Vein Endothelial Cells
The chemical structural formula of dauricine is shown in
Figure 1A. To investigate the effect of dauricine on
endothelial cells, we first conducted the MTT assay to explore
its cytotoxicity on HUVECs. As shown in Figure 1B, dauricine
was safe to use for HUVECs at doses ranging from 5 to 40 μM.

Dauricine Inhibited the Interactions
Between Monocyte–Endothelial Cells
To explore the role of dauricine on IL-1β-induced endothelial
inflammation, first, we assessed its function on
monocyte–endothelial cell adhesion. An increased amount of
THP-1 cells was attracted to HUVECs stimulated by IL-1β
(10 ng/ml) in comparison with the nontreated HUVECs.

FIGURE 4 | Dauricine inhibited IL-1β-induced NF-κB activation. (A) Phosphorylation of p65 and IκBα in HUVECs treated with IL-1β and dauricine at different
concentrations. (B) Quantification of the phosphorylation of p65 and IκBα displayed in panel A. ##p < 0.01, #p < 0.05 versus the vehicle group; *p < 0.05 versus the
vehicle + IL-1β group. (C) Nuclear translocation of p65, as indicated by the immunofluorescence in HUVECs treated with IL-1β and dauricine (scale bar: 200 μm). DAPI
was used for nuclear staining (blue). P65 (green) was stained with the Alexa Fluor 488 secondary antibody. (D) Cytoplasmic and nuclear distribution of p65 in
HUVECs as detected by Western blotting analysis. IL-1β, interleukin-1β; HUVECs, human umbilical vein endothelial cells.
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However, when HUVECs were pretreated with dauricine, they
attracted markedly fewer THP-1 cells (Figures 2A,B).

Dauricine Decreased the Expression of Cell
Adhesion Molecules
Adhesion molecules are vital in the recruitment of inflammatory
cells to endothelium. To further elucidate the role of dauricine on
monocyte–endothelial cell interactions, we detected the expression
levels of typical cell adhesion molecules in endothelial cells. The
mRNA levels of ICAM-1, VCAM-1, and E-selectin were
significantly upregulated in IL-1β-treated HUVECs (Figure 3A).
However, treatment with dauricine suppressed the overexpression
of these molecules (Figure 3A). Western blotting assays confirmed
the decreased expression of ICAM-1, VCAM-1, and E-selectin in
cells pretreated with dauricine (Figures 3B,C).

Dauricine Inhibited IL-1β Induced Activation
of NF-κB
The NF-κB pathway has been proven to regulate the expression of
cell adhesion molecules in endothelial cells (Rao et al., 2019). To

determine the mechanism how dauricine regulated the
expression of ICAM-1, VCAM-1, and E-selectin, we detected
the activation of NF-κB pathway in HUVECs stimulated with IL-
1β. The degradation of IκBα and the activation of p65 were
significantly inhibited by dauricine (Figures 4A,B). To further
clarify the role of dauricine on p65 translocation, we detected the
distribution of p65 protein by immunostaining. Correspondingly,
we found that dauricine effectively inhibited p65 translocation in
IL-1β-treated HUVECs (Figure 4C). Next, nuclear and
cytoplasmic proteins were separately extracted to detect the
level of p65 in both fractions. As shown in Figure 4D, the
level of cytoplasmic p65 was decreased, and endonuclear p65
was significantly increased in IL-1β-treated HUVECs, while
incubation with 40 μM of dauricine significantly inhibited the
IL-1β-induced nuclear localization of p65.

Dauricine Suppressed the Expression of
ICAM-1, VCAM-1, and E-Selectin Through
the NF-κB Pathway
Reporter gene constructs targeting ICAM-1, VCAM-1, and
E-selectin were constructed for use in a dual-luciferase
reporter assay. As shown in Figure 5A, the luciferase activities

FIGURE 5 | Dauricine suppressed NF-κB activation-induced expression of ICAM-1, VCAM-1, and E-selectin. (A) Dauricine inhibited ICAM-1, VCAM-1, and
E-selectin promoter-derived luciferase activity individually in 293T cells cotransfected with a p65-overexpressing vector. ###p < 0.001 versus the VCAM-1, ICAM-1,
E-selectin-Luc + empty vector + TK groups; ***p < 0.001, **p < 0.05 and *p < 0.05 versus the VCAM-1, ICAM-1, E-selectin-Luc + p65-expressing vector + vehicle + TK
groups. (B) Dauricine reduced NF-κB p65 binding to its downstream gene promoters, including the ICAM-1, VCAM-1, and E-selectin promoters, as detected by
ChIP assay. ChIP, chromatin immunoprecipitation.

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 7589626

Hu et al. Dauricine Attenuates Endothelial Inflammation

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


of E-selectin, ICAM-1, and VCAM-1 were obviously enhanced in
293T cells cotransfected with a p65 overexpression vector, while
the administration of dauricine remarkably reduced their

transcriptional activity. Furthermore, ChIP experiments were
performed to determine the effect of dauricine on the DNA-
binding activity of p65. Dauricine decreased the binding of p65 to

FIGURE 6 | Dauricine attenuated LPS-induced acute lung injury in vivo. (A) Survival curves for mice treated with LPS and dauricine (20 mg/kg), n � 10/group. (B)
Protein levels of ICAM-1, VCAM-1, and E-selectin and the phosphorylation of IκBα and p65 in lung tissues. (C) Quantification analysis of the protein levels in panel B.
###p < 0.001, ##p < 0.01, #p < 0.05 versus the vehicle group; **p < 0.01, *p < 0.05 versus the vehicle + LPS group. (D) Level of endothelial cell-expressed ICAM-1 in
lung tissues, as detected by immunofluorescence assay (scale bar: 20 μm). DAPI was used for nucleus staining (blue), ICAM-1 was stained red, and CD31 was
stained green. (E) Nuclear translocation of p65 in endothelial cells as detected by immunofluorescence assay in lung tissues (scale bar: 10 μm). DAPI was used for
nucleus staining (blue), p65 was stained red, and CD31 was stained green. (F) Quantification analysis of ICAM-1 in panel D. ##p < 0.01 versus the vehicle group; *p <
0.05 versus the vehicle + LPS group. (G) Quantification analysis of nucleic p65 in panel E. ###p < 0.001 versus the vehicle group; *p < 0.05 versus the vehicle + LPS
group. LPS, lipopolysaccharide.
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its target gene promoters, including the promoters of VCAM-1,
ICAM-1, and E-selectin, in IL-1β-treated endothelial cells
(Figure 5B).

Dauricine Attenuated
Lipopolysaccharide-Induced Acute Lung
Injury
Based on previous studies that demonstrated the anti-
inflammatory role of dauricine in IL-1β-treated endothelial
cells, we established an acute lung injury model induced by
LPS to further verify whether dauricine attenuated endothelial
inflammation in vivo. Previously, we reported that dauricine
alleviated LPS-induced macrophage infiltration in lung tissues
and decreased serum levels of IL-1β, IL-6, and TNF-α (Qiao et al.,
2019). In this work, we found that pretreatment with dauricine
(20 mg/kg) effectively protected mice from LPS-induced acute
inflammation (Figure 6A). Moreover, the expression of ICAM-1,
VCAM-1, and E-selectin in lung tissues was decreased by
dauricine pretreatment in LPS-treated mice (Figures 6B,C).
Additionally, the phosphorylation of IκBα and p65 was also
inhibited (Figures 6B,C). We performed immunofluorescence
assay on lung tissues to determine the levels of ICAM-1, VCAM-
1, and E-selectin expressed in endothelial cells. The expression of
ICAM-1 was increased in the endothelial cells of lung tissues from
LPS-treated mice, while it was attenuated in dauricine-treated
mice (Figures 6D,F). Similar results were observed in the level of
VCAM-1 and E-selectin (Supplementary figure S1A,B,C).
Moreover, we found that p65 translocation in lung endothelial
cells was significantly reduced by dauricine pretreatment

compared with the LPS-treated group (Figures 6E,G). We
concluded that dauricine could alleviate the inflammatory
response in lung endothelial cells, which corresponded with
our in vitro findings (Figure 7).

DISCUSSION

The relationship between endothelial inflammation and various
diseases, including metabolic syndrome, chronic kidney disease,
rheumatoid arthritis, and sepsis, has been debated for a long time
(Yang et al., 2016; Grandl and Wolfrum, 2018; Diaz-Ricart et al.,
2020; Lupu et al., 2020). During vascular inflammation, the
expression of adhesion molecules, including ICAM-1, VCAM-
1, and E-selectin, is elevated, promoting leukocyte recruitment to
the endothelium (Zhao and Liang, 2019). Excessive leukocyte
recruitment to the endothelium aggravates local inflammation
and contributes to endothelial inflammation-related diseases
such as atherosclerosis and dysfunctional microcirculation
(Hernandez et al., 2013; Schmitt et al., 2014). Molecules and
drugs targeting endothelial inflammation may be potential
candidates for various similar diseases.

Traditional Chinese medicine has been used in inflammatory
diseases for a long time (Ren et al., 2017; Chiang et al., 2020). And
in recent years, many extracts from traditional herbs were proved
to regulate several signaling pathways involved in inflammation
(Spelman et al., 2006; Huang et al., 2016; Zhang et al., 2019).
Dauricine, an alkaloid isolated fromM. dauricum, has been found
to protect against several inflammation-related diseases. Previous
studies have reported that dauricine inhibited NF-κB activation

FIGURE 7 | Schematic illustration of the anti-inflammatory effect of dauricine. Proinflammatory stimulus such as LPS and IL-1β increased the phosphorylation and
nuclear translocation of the NF-κB p65 subunit, which resulted in the upregulation of adhesion molecules and many other inflammatory cytokines that could aggravate
vascular inflammation. Dauricine showed an inhibition of NF-kB pathway and downregulated the expression of its downstream genes to attenuate endothelial
inflammation. IL-1β, interleukin-1β; LPS, lipopolysaccharide.
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in macrophages and colon cancer cells (Yang et al., 2010; Qiao
et al., 2019). In a cerebral ischemia/reperfusion rat model treated
with dauricine, ICAM-1 was proven to be significantly reduced.
In this work, we demonstrated that dauricine repressed IL-1β-
induced NF-κB activation and reduced the expression of its
downstream genes in endothelial cells. Therefore, dauricine
could be considered for use in diseases related with endothelial
inflammation.

The NF-κB pathway is vital to endothelial inflammation (Oates,
2015). Usually, the activation of cytoplasmic NF-κB is regulated by
inhibitors of κB (IκB). Extracellular proinflammatory stimulus
promotes the phosphorylation and degradation of IκB;
subsequently, the active unit, P65, is translocated to the nucleus,
where it regulates the expression of downstream genes (Lee et al.,
2009). However, the mechanism by which dauricine regulates the
activation of the NF-κB pathway remains unknown. Further study
is needed to determine whether dauricine regulates NF-κB directly
by binding with its subunit or through other pathways.

Endothelial cells play pivotal roles in LPS-induced inflammation
(Flavahan, 1992). We tested the anti-inflammatory function of
dauricine in a mouse model of acute lung injury induced by LPS.
We showed that mice pretreated with dauricine exhibited
dramatically decreased expression of ICAM-1, VCAM-1, and
E-selectin in lung vascular beds. Activation of the NF-κB pathway
was also downregulated in lung tissue after pretreatment with
dauricine. These findings suggested that dauricine reduced acute
lung inflammation by inhibiting the NF-κB pathway. However,
whether dauricine can prevent endothelial inflammation in other
vascular-rich organs, such as the kidney, or in other inflammatory
diseases, such as atherosclerosis, remains to be explored.

In addition, we found that MAPK pathways (the p38, ERK1/2,
and JNK pathways) were activated in IL-1β-treated HUVECs and
that dauricine could inhibit the phosphorylation of P38, JNK, and
ERK (data not shown). MAPK pathways are ubiquitous and have
been reported to regulate the expression of adhesion molecules,
including ICAM-1, VCAM-1, and E-selectin in inflammatory
diseases (Min and Pober, 1997; Pietersma et al., 1997; Yan et al.,
2002). Therefore, dauricine might also exert its anti-
inflammatory effect by inhibiting the MAPK pathway.
However, whether dauricine could alleviate the activation of
the MAPK pathway in vivo and to what extent the MAPK and
NF-κB pathway take part individually in the anti-inflammatory
effect of dauricine remain unknown.

Collectively, the findings from our present study suggest that
dauricine suppresses endothelial inflammation through or
partially through inhibition of the NF-κB pathway. We
propose that dauricine might serve as a potential therapeutic
candidate for various diseases related to endothelial
inflammation.
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