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Abstract

Pluchea Indica is a shrub plant found in mangrove forests. The leaves are consumed as food and
herbal tea and exhibit various biological effects, such as antioxidant and anti-inflammatory activities, in
macrophages and animal models. However, the inhibitory activity of P. Indica leaf extract on vascular
inflammation remains unknown. Therefore, this study investigated the effect of an ethanol extract from P.
Indica herbal tea leaves (PIE) on tumor necrosis factor-o. (TNF-a)-induced human vascular endothelial
EA.hy926 cells. The cytotoxic effect of PIE was determined by thiazolyl blue tetrazolium bromide assays.
PIE at concentrations of 12.5 - 50 ug/mL did not show significant cytotoxicity, whereas PIE at
concentrations > 100 ng/mL decreased cell viability. PIE inhibited the production of reactive oxygen
species (ROS) in TNF-o-stimulated endothelial cells. To evaluate the PIE’s anti-vascular inflammatory
activity, the protein expression of cell adhesion molecules, including intercellular adhesion molecule-1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), was determined by western blot. PIE
significantly decreased TNF-a-induced ICAM-1 and VCAM-1 expression in a concentration-dependent
manner. Furthermore, PIE upregulated heme oxygenase-1 (HO-1) in a concentration- and time-dependent
manner. Inhibiting the activity of HO-1 by tin protoporphyrin IX significantly blocked the suppressive
effect of PIE on ICAM-1 but not VCAM-1 expression. Therefore, PIE exerts anti-inflammatory activity
on vascular endothelial cells, at least in part, by suppressing ROS production and the induction of HO-1.
The obtained data suggest that PIE is a promising substance for developing therapeutic agents or as an
ingredient of functional food.

Keywords: Endothelium, Intercellular adhesion molecule, Pluchea Indica, Reactive oxygen species,
Vascular cell adhesion molecule

Introduction

The World Health Organization reported that cardiovascular disease (CVD) was the number one
cause of death globally in 2016, accounting for 31 % of all deaths worldwide [1,2]. Atherosclerosis, the
primary cause of CVD, is a condition in which blood vessels narrow from the accumulation of fatty
plaques and foam cells on the blood vessel wall. The initial factors of atherosclerosis are inflammation,
oxidative stress, and endothelial dysfunction [3-5]. After injurious factors stimulate endothelial cells
lining blood vessels, they are triggered to produce pro-inflammatory cytokines and cell adhesion
molecules, such as intercellular adhesion molecule (ICAM-1) and vascular cell adhesion molecule
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(VCAM-1), thereby enhancing the migration of leukocytes, which express more pro-inflammatory
cytokines, to the inflamed site [6]. In addition, endothelial cells also exhibit increased oxidative stress by
synthesizing reactive oxygen species (ROS), leading to increased inflammation and atherosclerosis [3,7].
Thus, reducing the oxidative stress and inflammatory response of endothelial cells might prevent
atherosclerotic plaque progression and the development of CVDs.

Pluchea Indica Less. (Asteraceae) is a medicinal plant used for treating fever, dysentery, ulcers,
rheumatism, soothe sores, and hemorrhoids [8-11]. The plant’s leaves are consumed as food, both in the
form of culinary vegetables and herbal tea [8]. P. Indica leaves have been studied to obtain the scientific
data for their potential use as therapeutic agents. They possess various biological activities, such as
antioxidant, anti-obesity, anti-diabetic, anti-glucosidase, anti-acetylcholinesterase, and anti-inflammatory
activities [10-15]. In our previous report, we demonstrated that the hot water extract from P./ndica herbal
tea leaves exhibited in vitro antioxidant activity and an inhibitory effect on the production of
inflammatory mediators, including nitric oxide (NO) and prostaglandin E, (PGE,), in RAW 264.7
macrophages [12]. In addition, Buapool et al. [13] found that P. Indica leaf extract inhibited the
production of NO and PGE, in lipopolysaccharide (LPS)-induced macrophages by reducing NF-kB
activation. It was also shown to have anti-inflammatory effects in acute inflammation animal models by
the suppression of ethyl phenylpropiolate-induced ear edema and carrageenan-induced paw edema in rats.
However, the inhibitory effects of P. Indica leaf extract on vascular inflammation and ROS production in
endothelial cells have not been described. Hence, in this study, we investigated the anti-inflammatory and
antioxidant effects of an ethanol extract from P. Indica on human endothelial cells induced by TNF-a.
Our obtained data demonstrated the efficacy of P. Indica leaves and suggested the usefulness as
therapeutic agents or functional food components.

Materials and methods

Chemicals and reagents

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), penicillin-streptomycin
solution, and 0.25 % trypsin-EDTA were purchased from Invitrogen/Gibco (Grans Island, NY, USA).
TNF-a, thiazolyl blue tetrazolium bromide (MTT), and 2'7'dichlorodihydrofluorescein diacetate
(H,DCFDA) were purchased from Sigma Chemical (St.Louis, MO, USA). Tin protoporphyrin IX (SnPP)
was purchased from Cayman Chemical (Ann Arbor, MI, USA). Primary antibodies for CD54/ICAM-1,
VCAM-1, HO-1, and glycerol-3-phosphate dehydrogenase (GAPDH) and goat anti-rabbit IgG
horseradish peroxidase (HRP)-conjugated secondary antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA). Protease inhibitor cocktail tablets, CL-XPosre film, and the Super
Signal West Pico Chemiluminescent substrate were obtained from Thermo Scientific (Waltham, MA,
USA). Tin protoporphyrin IX (SnPP) was from Cayman Chemical (Ann Arbor, MI, USA).

Preparation of the ethanol extract from P. indica leaves

The commercial P. Indica herbal tea product (dried leaves) was obtained from a biodiversity-based
community enterprise in Bor sub-district, Khlung district, Chanthaburi province, Thailand. P. Indica
herbal tea leaves were ground into powder, wrapped in cheesecloth, and soaked in a 95 % ethanol solvent
at a 1:10 ratio of plant powder to solvent for 5 days with occasional shaking. After that, the extract was
filtered with Whatman paper no. 1. The plant powder was then re-extracted with ethanol 2 more times.
The filtrates were pooled, and the extraction solvent was evaporated by a rotary vacuum evaporator to
yield P. Indica leaf ethanol extract (PIE). The percentage yield of plant extract was 4.58 % (w/w).

Culture of human endothelial cells

The human vascular endothelial cell line EA.hy926 was obtained from ATCC and cultured in
DMEM supplemented with 10 % (v/v) FBS, penicillin (100 U/mL), and streptomycin (100 pg/mL). Cells
were incubated at 37 °C in a humidified 5 % CO, atmosphere and sub-cultured at 80 - 90 % confluency
by trypsinization. Dimethyl sulfoxide (DMSO) was used as vehicle control.
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MTT cell viability assay

Cells were seeded into a 24-well culture plate at a density of 5x10° cells/well in 0.5 mL of medium.
After attachment for 24 h, cells were incubated in DMEM containing PIE at concentrations of 12.5-
400 pg/mL at 37 °C for 24 h. Then, cells were washed in phosphate-buffered saline (PBS), and 500 pL of
fresh culture media with MTT (0.1 mg/mL) was added into each well and further incubated for 3 h before
aspiration of the cell culture medium. DMSO (500 puL) was added to dissolve MTT-formazan crystals.
The absorbance of the formazan solution was measured at 550 nm. The percentage of cell viability was
expressed as (absorbance of treated wells/absorbance of control wells) X100, as described by Srisook et
al. [16].

Detection of ROS levels using an H,DCFDA probe

EA.hy926 cells were seeded into 6-well culture plates at a density of 3x10° cells/well. Cells were
incubated in serum-free DMEM at 37 °C for 6 h and then treated with PIE (12.5 - 50 ug/mL) for 1 h
before exposure to TNF-a at a concentration of 10 ng/mL for 2 h. The cells were rinsed in a warm PBS
buffer and incubated with DMEM containing H,DCFDA (50 uM) at 37 °C for 30 min in the dark. After
removing the growth medium, ice-cold PBS buffer was added to each well, and the cells were scraped in
PBS buffer on ice. The fluorescence of 2',7'-dichlorofluorescein (DCF) was measured at an excitation
wavelength of 485 nm and emission wavelength at 521 nm using a fluorescence spectrophotometer (Cary
Eclipse, Agilent, USA.).

Protein extraction for western blot analysis

EA.hy926 cells (3x10° cells/60-mm plate) were plated and treated with PIE at a concentration of
12.5 - 50 pg/mL for 1 h before incubation with TNF-a (10 ng/mL) for 6 h. After that, cells were washed
twice with ice-cold PBS buffer before being scraped in RIPA protein lysis buffer [150 mM Tris-HCI,
150 mM NaCl, 5. mM EGTA, 0.1 % SDS, 1 % sodium deoxycholate, 1 % nonidet P-40, 1 mM DTT, and
1X protease inhibitors]. Then, cell lysates were transferred to a microtube and centrifuged at 13,700 g for
10 min at 4 °C. The protein content in supernatants was analyzed by the Bradford assay and stored at —80
°C before being analyzed by western blot.

Proteins were separated by 10 % SDS-polyacrylamide gel electrophoresis and transferred to a
polyvinylidene difluoride (PVDF) membrane. The membrane was immersed with a blocking solution
[10 mM Tris-HCI (pH 7.5), 150 mM NacCl, 0.1 % (v/v) Tween 20, and 5 % (w/v) skim milk] at room
temperature for 1 h and then incubated with primary antibodies for VCAM-1, ICAM-1, HO-1, or
GAPDH diluted 1:1,000 in 1X TBS buffer containing 5 % (w/v) BSA and 0.1 % (v/v) Tween 20
overnight with shaking at 4 °C. Then, the PVDF membrane was washed with TBS-T buffer at room
temperature 3 times for 5 min each and incubated with the secondary antibody (HRP-linked anti-rabbit
IgG) diluted 1:5,000 in blocking solution for 1 h at room temperature. After incubation, the membrane
was rinsed 3 times with TBS-T buffer and immersed in an ECL substrate solution. The specific protein
bands on membranes were detected on CL-XPosre film. The intensities of each band signal were
determined by densitometry using Image Studio Lite version 5.2 Free Western Blot Analysis Software.
Image densities of specific bands for VCAM-1, ICAM-1, and HO-1 were normalized with the density of
the GAPDH band.

Statistical analysis

All experiments were replicated at least 3 times. Data are presented as the mean £ SD. One-way
analysis of variance and Tukey’s test for multiple comparisons were used to determine statistical
significance by Minitab version 18 for Windows. A p-value of < 0.05 was considered statistically
significant.
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Results and discussion

Effect of P. Indica leaf ethanol extract (PIE) on the viability of human endothelial cells

The cell viability of human vascular endothelial EA.hy926 cells exposed to PIE at various
concentrations (0 to 400 ug/mL) for 24 h was determined by the MTT assay. It was found that PIE at
concentrations of 12.5 - 50 pg/mL did not show significant toxicity compared with control cells, whereas
PIE at concentrations of 100 - 400 ng/mL significantly decreased cell viability. The percentage of viable
cells after exposure to PIE at concentrations of 100, 200, and 400 pg/mL decreased to 54.9 + 1.8 %, 27.5
+ 2.3 %, and 26.4 £ 2.5 %, respectively, compared with the control cells (Figure 1). Therefore, the
concentration of PIE used in subsequent experiments was not more than 50 ug/mL to avoid the toxic
effects of the extract.
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Figure 1 Cell viability of human endothelial EA.hy926 cells exposed to PIE (12.5 - 400 pg/mL) for 24 h

was determined by the MTT method. “#p < 0.001 compared with the unstimulated control cells.

Antioxidant effect of PIE on TNF-a-induced human endothelial cells

ROS are associated with the pathogenesis of atherosclerosis in several steps, including the
activation of inflammation, endothelial dysfunction, recruitment of leukocytex, and proliferation of
smooth muscle cells [3,17,18]. Vascular endothelial cells in the inflammatory site are stimulated by
inflammatory triggers, such as TNF-q, to increase the activity of NADPH oxidase, which produces a
large number of superoxide radicals that are converted into other ROS, leading to oxidative stress [3,7].
Therefore, we determined the effect of PIE extract on intracellular ROS production in human endothelial
cells. Cell-based antioxidant activity was assessed using an H,DCFDA probe, which is oxidized by
intracellular ROS to fluorescent DCF [19]. From the results shown in Figure 2, the intracellular ROS
level following TNF-a treatment was statistically significantly increased compared with that in the
unstimulated control cells. PIE at the non-toxic doses of 12.5 - 50 pg/mL significantly reduced TNF-a-
stimulated ROS production in a concentration-dependent manner compared with cells induced by TNF-a
alone. In addition to showing in vitro antioxidant activity of the P. Indica leaf extract [12], this study also
demonstrated the antioxidant activity of the plant leaves in TNF-a-induced endothelial cells. This result
suggests that the bioactive compounds in PIE exhibited ROS scavenging effects in endothelial cells that
might protect against the development of atherosclerosis.
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Figure 2 Inhibitory effect of PIE on intracellular ROS levels. Endothelial cells were exposed to PIE at the
indicated concentrations for 1 h and induced by TNF-a (10 ng/mL) for 2 h. Intracellular ROS levels were
detected using the H,DCFDA probe. *p < 0.05 compared with unstimulated control cells. *p < 0.05 and
**p < 0.01 compared with cells induced by TNF-a alone.

Anti-inflammatory effect of PIE on TNF-a-induced human endothelial cells

In addition to endothelial dysfunction and oxidative stress, endothelial inflammation is one of the
main causes of atherosclerosis, which can lead to the development of CVDs [3-5]. Inflammatory
responses involve vasodilation, increased permeability of blood vessels, leakage of protein and fluid out
of blood vessels, and leukocyte extravasation to inflamed areas. The migration of leukocytes begins with
the leukocytes binding to cell adhesion molecules of blood vessels and moving through the gaps between
the cells lining the blood vessels to the outside of the blood vessels. This process is controlled by
molecules expressed on the surface of vascular endothelial cells, including VCAM-1, ICAM-1, and E-
selectin. Once leukocytes move to the site of inflammation, they are activated to release inflammatory
cytokines, such as TNF-a and interleukin (IL)-1f, which stimulate the synthesis of adhesion molecules
on endothelial cells to promote the infiltration of leukocytes [6,18]. The substances that can inhibit the
expression of cell adhesion molecules will decrease the adhesion of leukocytes to vascular endothelial
cells leading to less movement outside of blood vessels and consequently reduced vascular inflammation.
Thus, the anti-vascular inflammatory effect of PIE on human endothelial EA.hy926 cells was examined
using western blot analysis. Here, we demonstrated that cells exposed to TNF-o alone showed
substantially increased levels of ICAM-1 and VCAM-1 proteins compared with unstimulated control
cells. PIE at concentrations of 25 - 50 pg/mL significantly reduced ICAM-1 and VCAM-1 protein
expression (Figure 3). This result is consistent with our previous studies showing the anti-inflammatory
effect of P. Indica leaf extract in LPS-stimulated RAW 264.7 macrophages and ethyl phenylpropiolate-
and carrageenan-induced acute inflammation rat models [12,13]. The data obtained from the present study
support our previous study since a crucial step in the initiation of inflammation is leukocyte adhesion and
emigration through the arterial intima of blood vessels to the inflamed site [20].
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Figure 3 Inhibitory effect of PIE on the protein expression of ICAM-1 and VCAM-1. Human endothelial
EA.hy926 cells were exposed to PIE (12.5 - 50 pg/mL) for 1 h and induced by TNF-a (10 ng/mL) for 6 h.
The protein levels of ICAM-1 and VCAM-1 were examined by western blot analysis (A). The graph
shows the mean £ SD from densitometric analyses of ICAM-1 (B) or VCAM-1 (C) proteins normalized
to GAPDH. "p < 0.001 compared with the unstimulated control cells; “p < 0.01 and ~ p < 0.001
compared with cells induced by TNF-a alone.

Involvement of HO-1 activation in the anti-inflammatory effect of PIE on human endothelial
cells

HO is an enzyme that catalyzes the breakdown of heme into biliverdin, free iron, and carbon
monoxide. Biliverdin is rapidly converted into bilirubin by biliverdin reductase. This enzyme has 3
isoforms, including HO-1, HO-2, and HO-3 [21]. HO-1 is classified as an antioxidant defense enzyme
because its products, such as biliverdin and bilirubin, act as antioxidants [21,22]. Furthermore, HO-1
causes the breakdown of the pro-oxidant molecule heme [23]. HO-1 is also an enzyme that relieves
inflammation by its products [24,25]. Carbon monoxide reduces the levels of inflammatory cytokines,
such as IL-6 and TNF-a, in a necrotizing enterocolitis rat model and trinitrobenzene sulfonic acid-induced
colitis in mice [26,27]. Also, carbon monoxide has been reported to exert an anti-inflammatory effect by
inhibiting NF-kB signaling via the reduction of IkB phosphorylation, preventing NF-«B from
translocating to the nucleus [28,29] and suppressing binding to the NF-kB site at the promoter of
inflammation-related genes, including ICAM-1 and VCAM-1 [30,31].
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Figure 4 Stimulation of HO-1 protein expression by PIE. (A) Endothelial cells were exposed to PIE
(50 pg/mL) for 3, 6, and 12 h, and HO-1 protein content was measured by western blot analysis. The
graph shows the fold increase in HO-1 protein expression after normalization to GAPDH. *p < 0.001
compared with the unstimulated control cells at each time point; ~ p < 0.001 compared with cells that
were stimulated by PIE at 3 h. (B) Cells were treated with PIE at concentrations of 12.5 - 50 pg/mL for
12 h. HO-1 protein levels were determined by western blotting analysis. The graph shows the fold
increase in HO-1 protein expression after normalization to GAPDH. *p < 0.01 and "p < 0.001 compared
with the unstimulated control cells.
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Figure 5 HO-1mediates the reduction in TNF-o-induced ICAM-1 and VCAM-1 expression in human
endothelial EA.hy926 cells induced by PIE. Endothelial cells were exposed to PIE (25 pg/mL) and SnPP
(10 uM) for 1 h and stimulated by TNF-o (10 ng/mL) for 6 h. The graph shows the fold increase in
ICAM-1 (A) and VCAM-1 (B) levels after normalization to GAPDH. "p < 0.01 and "p < 0.001
compared with the unstimulated control cells, p <0.05and "p < 0.01 compared with TNF-o induced
cells,  p < 0.005 compared with TNF-a plus PIE.
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It has been shown that the heme degradation products of HO-1-catalyzed reactions mediate anti-
inflammatory and antioxidant effects of a variety of plant extracts [32-36]. We hypothesized that the
suppression of ICAM-1 and VCAM-1 expression in EA.hy926 cells induced by PIE may be the result of
HO-1 activation. Thus, the effect of PIE on HO-1 expression was examined in the present study. HO-1
protein levels were determined in human vascular endothelial cells exposed to PIE at concentrations of
50 pg/mL for 3, 6, and 12 h. PIE significantly induced the protein level of HO-1 compared with that of
control cells at each time point (Figure 4A). The protein expression of HO-1 gradually increased with
time, markedly increased after 3 h of exposure, and reached a maximum expression at 12 h. Further
studies examined the protein level of HO-1 in cells treated with PIE at a concentration of 12.5 - 50 pg/mL
for 12 h. HO-1 protein expression increased as the concentration of PIE increased (Figure 4B). These
data indicate that PIE contains 1 or more plant compounds that are potent inducers of HO-1 expression.
According to our results, PIE inhibited ICAM-1 and VCAM-1 expression. Therefore, we next
investigated whether HO-1 activation is involved in the mechanism of action of PIE in TNF-a-induced
endothelial cells. As shown in Figure 5, PIE inhibited the expression of [CAM-1 and VCAM-1 on TNF-
a-stimulated human endothelial cells, whereas SnPP, an inhibitor of HO-1 activity, reversed the inhibitory
effect of PIE resulting in a statistically significant increase in ICAM-1 but not VCAM-1 protein
expression compared with the cells exposed to TNF-a and PIE. In addition, the expression of HO-1
increased compared with unstimulated control cells. This might be explained by the products produced
from enhanced HO-1 activity induced by PIE suppressing ROS production resulting in inhibition of NF-
kB activity, which causes a reduction in ICAM-1 and VCAM-1 proteins. Inhibiting HO-1 activity by
SnPP leads to less productivity and thus diminishes the inhibition of NF-kB activity resulting in increased
ICAM-1 and VCAM-1 protein expression. Our findings in the present study might support the previous
reports that HO-1 activation contributes to reduced atherosclerosis, at least in part, by modulating ICAM-
1 and VCAM-1 expression [21].

Previous studies showed that P. Indica leaf extract contained acetylenic thiophenes, caffeoylquinic
acid derivatives, and flavonoids including apigenin, luteolin, and quercetin [13,14,37]. Notably, quercetin
inhibited ICAM-1 expression in PMA- and TNF-o-induced ECV304 human endothelial cells by
inhibiting the JNK pathway [38]. Besides, chlorogenic acid and quercetin were found to reduce
inflammation by inhibiting the expression of cell adhesion molecules in TNF-a-induced human umbilical
vein endothelial cells [39]. Wang et al. also showed that 5-caffeoylquinic-acid suppressed TNF-a-induced
ROS production in EA.hy926 cells [40]. However, the compounds responsible for the anti-vascular
inflammatory activity of PIE require further study.

Conclusions

Based on the findings in this study, we conclude that PIE exhibits an anti-inflammatory effect on
TNF-a-induced endothelial cells by reducing the production of ROS and decreasing the expression of
ICAM-1 and VCAM-1 proteins that is mediated partly through the upregulation of HO-1. The results
indicate that PIE might improve vascular inflammation by inhibiting the cell adhesion molecules and
oxidative stress. However, further investigations need to elucidate the exact mechanism by which PIE
exerts its inhibitory effect on ICAM-1 and VCAM-1 expression and ROS production.
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