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Atherosclerosis, a chronic disorder and the main pathogenesis of various cardiovascular diseases, is initiated by the
formation of the macrophage foam cell at the subendothelial layer of the blood vessel wall. This study aimed to
investigate the anti-atherosclerosis activity of n-hexane extract of Eleutherine americana Merr. (E. americana) on
human macrophage through in vitro induction with oxidized-Low Density Lipoprotein (ox-LDL). The macrophage
was obtained from peripheral blood mononuclear cells (PBMCs) that were isolated from the serum of a healthy male.
After the monocytes were maturely differentiated, the n-hexane extract of E. americana with a dose of 0.25, 1, and
2 mg/ml was added before stimulation with ox-LDL. The foam cell was determined through Oil Red O staining, the
expressions of Toll-Like Receptor 4 (TLR4) and Adenosine Triphosphate-binding cassette transporter A1/G1 (ABCA1/
ABCG1) were measured by immunofluorescence, and the activity of peroxisome-proliferator-activator receptor y
(PPARY) was measured through Enzyme-linked immunosorbent assay. The results demonstrated that the foam cell
and the expression of TLR4 on the group with E. americana extract treatment were lower than the ox-LDL group (p <
0.05). The expression of ABCA1 and ABCG!1 on the group that was given the extract was higher than ox-LDL group
(p <0.05). This study concluded that the n-hexane extract of E. americana demonstrated anti-atherosclerosis activity
on human macrophage induced with ox-LDL.
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INTRODUCTION

Cardiovascular disease is the leading cause of death
in the world with three-quarters of cases occurring in countries
with middle to low income and half of the cases in Asia (Ohira
and Iso, 2013). Cardiovascular disease is a manifestation of the
clinical process of atherosclerosis which often happens abruptly
and dramatically (AHA, 2016). Atherosclerosis is one of the
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chronic inflammatory disorders that exhibit symptoms caused by
the inflammatory process, the formation of foam cells, and the
development of atheroma plaque on the subendothelial layer of
the blood vessel wall (Heine et al., 2008; Hopkin, 2013; Wu et al.,
2017). The formation of foam cell is one of the critical stages
in the atherosclerosis process, not only does it relate to lipid
metabolism but also the inflammation that it causes can accelerate
atherosclerosis progressiveness (Bobryshev et al., 2016).

Lipid metabolism on macrophage covers three
processes, namely, cholesterol uptake, esterification, and
secretion of the cholesterol (cholesterol efflux). The imbalance
between these processes may cause the accumulation of lipids in
the cytoplasm of the macrophage forming foam cells (Maguire
et al., 2019). The inflammation on the subendothelial layer
which is caused by ox-LDL would attract the monocyte of the
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lumen which later activated and became macrophage (Hopkin,
2013; Raggi et al., 2018). The activated macrophage expresses
scavenger receptors, one of them is Toll-Like Receptor 4 (TLR4),
causing an increase of ox-LDL uptake (Moore and Tabas, 2011).
The current studies showed that TLR4 expression is increased in
atherosclerosis, whereas deficiency of TLR4 on mice decreases
lesion up to 71% (Cole and Georgiou, 2010). The stimulation of
macrophage with ox-LDL would activate the TLR4 receptor and
increase the uptake of ox-LDL, which immediately leads to the
lipid accumulation in the cell (Keyel et al., 2012). In addition to
lipid accumulation, the activation of TLR4 receptor would also
increase the expression of pro-inflammatory mediators, such as
interleukin-1p (IL-1p), interleukin-6 (IL-6), and tumor necrosis
factor-o (TNF-a), and promote the degradation on matrix of the
atherosclerotic lesion (Falck-Hansen et al., 2013; Higashimori
et al., 2011; Shalhoub et al., 2011).

Another mechanism of foam cell formation is through
the inhibition of the cholesterol efflux process from macrophage
(Yuan et al., 2012). It is known that Adenosine Triphosphate-
binding cassette transporter A1/G1 (ABCA1/ABCGI1) protein
transporter has an important role in the mechanism of cholesterol
efflux and lipid metabolism (Tarling and Edwards, 2011; Yvan-
Charvet et al., 2010). The expression of ABCA1/ABCGI
on macrophage is regulated by the transcription factors of
peroxisome-proliferated-activated receptor y (PPARYy) and liver X
receptor (LXR) (Sotherden et al., 2012; Uitz, 2014). The activation
of these transcription factors would increase the expression of
ABCA1/ABCG]I, followed by the increase of cholesterol efflux
and the decrease of lipid deposition in the foam cell (Biswas and
Mantovani, 2012; Nikolic et al., 2016).

Eleutherine americana Merr. (E. americana), also
known as Bawang Dayak in Kalimantan, Indonesia, is one of
the medicinal plants that is widely used by the local people as
a traditional medicine. Bawang Dayak is used as a medicine for
pain relief, intestinal disorder, antifertility agent, and abortion
as well as cardiovascular disorders (Ha et al., 2013). Multilevel
extraction of the E. americana by using n-hexane with high-
performance liquid chromatography identified some Quinone
derivate active substances. In addition, the phytochemical
evaluation of E. americanahad successfully identified three groups
of Quinone substances such as anthraquinone, naphthoquinone,
and naphthalene (Hong, ef al., 2008). A meta-analysis study that
examined the activity of substances from naphthoquinone group
showed that it functioned specifically as an anti-inflammatory
agent (Insanu et al., 2014). Some biological activities of E.
americana have been identified such as anti-dermatophytes and
anti-melanogenesis (Kusuma et al., 2010); inhibiting the NO
production by macrophage induced with Lipopolysaccharides
(Han et al., 2008); as immunomodulator on T helper cell (Hong
et al., 2008); as anti-oxidant (Nur, 2011; Nurliani and Santoso,
2012; Pratiwi et al., 2013); inhibitor of inducible nitric oxide
synthase (iNOS); and inhibitor of cytokines expression such as
IL-1B and interferon-f (IF-f) through inhibition of nuclear factor
kappa B (NF-kB) (Song et al., 2009).

Therefore, this study aimed to investigate the anti-
atherosclerosis activity of n-hexane extract of E. americana on
human macrophage induced with ox-LDL.

MATERIALS AND METHODS

The isolation of monocyte from PBMCs

This study has previously been examined and
approved by the Health Research Ethics Commission of the
Faculty of Medicine Universitas Brawijaya Malang, Indonesia
(No. 308/EC/KEPK-S3/9/2017). PBMCs were collected from
the blood sample of a healthy adult male. Blood donor was
required to give informed consent for sampling. The isolation
of monocytes was conducted by RosetteSep™ human monocyte
enrichment cocktail following the factory protocol. The blood
sample was placed in an Ethylenediaminetetraacetic acid tube
and then added with RosetteSep™ human monocyte enrichment
cocktail (Stemcell Technology, #15068), mixed, and incubated
for 20 minutes. The sample was diluted with the recommended
medium and mixed slowly. The diluted sample was moved to a
tube added with a density gradient medium in accordance with
the protocol kit. The sample was centrifuged at 1,200xg for 10
minutes and the cell was collected, washed, and centrifuged
again. Afterward, the cell was diluted in the medium. The
monocyte cell as the result of these processes was calculated by
using a hemocytometer (Delirezh et al., 2013).

Primary human macrophage cell culture

The isolated monocytes were placed on a plate that
has been added with the medium for culture process containing
RPMI-1640, Dulbecco’s modified Eagle’s medium, fetal bovine
serum, and penicillin-streptomycin for 5 days. Cell culture was
placed in an incubator at 37°C and 5% CO, so that the monocytes
differentiated and became macrophage. For the treatment group,
the n-hexane extract of E. americana was added on the sixth day,
incubated for 24 hours, and then used for further experimental
research (Safi e al., 2016).

Preparation of n-hexane extract of Eleutherine americana

The extract of n-hexane Eleutherine americana Merr.
was prepared in the Pharmacology Laboratory at the Medical
Faculty of Mulawarman University, Samarinda, East Kalimantan,
Indonesia. The Bawang Dayak plant was obtained from the
local farmer in Samarinda, East Kalimantan. The plant was then
preliminarily examined in the Laboratory of Plant Systematics
and Anatomy, Faculty of Mathematics and Natural Sciences,
Mulawarman University, in order to gain the identification of
its taxonomy. About +2-3 kg bulbs of Bawang Dayak were well
sorted, cleaned, and dried in a cabinet. This process resulted in
+250-500 g of dried simplisia. After it was well dried, the substance
was blended to make smooth dried powder. Dried powder of
Bawang Dayak bulb was extracted with methanol 90% resulting
in crude methanol extract. The crude extract was then extracted
with methanol and water with 6:4 (v/v) ratio. The crude extract
was also extracted with n-hexane in a separate funnel, creating
two different extracts. The addition of n-hexane was conducted
repeatedly until clear n-hexane extract was obtained. The n-hexane
extract was concentrated with a rotary evaporator. For the purpose
of the experiment, Bawang Dayak extract was diluted in dimethyl
sulfoxide for cell culture with the concentration of the final culture
<0.1% (Ahmad et al., 2016).
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Foam cell formation

The mature monocytes prepared earlier were placed on
a plate and were added with n-hexane Eleutherine extract with a
dose 0f 0.25, 1, and 2 mg/ml on the sixth day. Cells were incubated
for 24 hours before stimulation with 100 pg/ml of oxidized low-
density lipoproteins in human plasma (Athens Research and
Technology; #12-16-120412-0X). Cells were then incubated
again for 48 hours. Afterward, staining was conducted using Oil
Red O and cells were examined under an optical microscope with
640x magnification (Park ef al., 2015).

Oil red O staining

After 48 hours of incubation, monocytes are prepared
for staining. The culture medium was slowly decanted through
aspiration and carefully not to disturb the cells. Cells were then
washed twice with phosphate-buffered saline (PBS) solution.
Cells were fixed for 10 minutes with 4% paraformaldehyde, and
then quickly washed with 60% isopropanol. The lipid staining
process was conducted with Oil Red O, Sudan Red 5B (Bioworld,
41540000-2) for 15 minutes (0.4% Oil Red in 100% isopropanol)
and then the mixture was quickly washed again with 60%
isopropanol and finally with PBS. Cells were examined under
an optical microscope with 640x magnification. For absorbance
solubility of Oil Red O examination, 100 pl 100% isopropanol
was added and mixed for 10 minutes. The supernatant was moved
to a new well and read on the spectrophotometer with 570 nm
wavelength (Ning et al., 2017).

Calculating the percentage of the foam cells

The number of foam cells was calculated in every 100
cells using a cell counter to calculate foam cell percentage. The
foam cell was determined by selecting a cell with red color on its
cytoplasm. The red color was formed from lipid droplet on the
cytoplasm which was stained by Oil Red O.

Nuclear protein extraction

For nuclear protein extraction, cells were cultured
on a 12-well plate to collect a sufficient number of cells. After
the addition of n-hexane extract and ox-LDL, nuclear protein
extraction was conducted using RayBio® Nuclear Extraction Kit
following the manufacturer protocol. Cells were washed with
ice-cold PBS while pipetting up and down gently to disperse the
cells. Then, 1x nuclear extract reagent-I, which was prepared in
accordance with the protocol was added to the cells and incubated
on ice for 15 minutes. Reagent-II was added, mixed slowly, and
incubated on ice for 2 minutes. Cells were centrifuged at 14,000xg
with 4°C temperature for 30 seconds before separating the
supernatant. Reagent-II1 was added into the cell pellet, diluted,
vortexed for 10 seconds, and incubated on ice for 10 minutes.
After this, the tube was vortexed for 10 seconds and incubated on
ice for 10 minutes repeatedly until the total time for incubation
was 40 minutes. Afterward, the tube was centrifuged 14,000xg
with 4°C temperature for 30 minutes. The supernatant was
collected and aliquoted into new tubes for further examination.
Nuclear protein obtained was weighed using NanoDrop (Chan
and Cipolla, 2012).

Determinant of PPARY transcription factor activity

Measurement of PPARy activity was conducted using
Enzyme-linked immunosorbent assay (ELISA). A double-
stranded oligonucleotide labeled 96-well plate was used as the
place of PPARY bonding. The oligonucleotide would specifically
catch active PPARy from the shortly incubated nuclear protein.
The PPARYy activity of the obtained nuclear protein is measured
using Raybio® Human PPARy transcription factor Activity Assay
Kit according to the manufacturer protocol. Each well was filled
with appropriate reagent and then the primary antibody for PPARy
was added to the well and incubated for 1 hour. After washing,
3,3'.5,5"-tetramethylbenzidine One-Step Substrate Reagent was
added and incubated for 30 minutes. After this step, the stop
solution was added and the result was immediately read on the
ELISA reader of 450 nm wavelength (Chan and Cipolla, 2012).

Immunofluorescence staining

Cells from the treatment and control group were
harvested and fixed with 4% paraformaldehyde in PBS at pH 7.4
for 10 minutes at room temperature. Immunofluorescence staining
was used to measure the expression of TLR4, ABCA1, and ABCG1
proteins through a confocal microscope. The antibodies used were
mouse monoclonal IgG ABCI1 (Santa Cruz Biotechnology, Inc.;
#A00121.01), rabbit anti ABCG1 polyclonal antibody (Bioss Inc.;
#bs-4906R), mouse monoclonal IgG TLR4 (#HTA 125), goat anti-
mouse IgG H and L [Fluorescein isothiocyanate (FTIC)] secondary
antibody from Abcam (#ab6785), and goat anti-rabbit IgG H and
L (Rhodamine) secondary antibody from Invitrogen (#31670).
Cell permeabilization was done by adding 0.1%-0.25% Triton-X
100 in PBS and then incubated for 10 minutes. The cells were
then washed three times. Blocking was conducted by adding 1%
bovine serum albumin (BSA), 22.52 mg/ml glycine in Phosphate
Buffered Saline Tween-20 (PBST) (PBS+ 0.1% Tween 20) for 30
minutes. Cells were then incubated in primary antibody which was
diluted in 1% BSA in PBST overnight at 4°C temperature. The
primary antibody solution was discarded and cells were washed
with PBS three times for 5 minutes each. Cells were then incubated
in a secondary antibody in 1% BSA for 1 hour in the darkroom at
room temperature. The secondary antibody solution was discarded
and cells were washed three times with PBS for 5 minutes each in
the darkroom. Coverslip was installed before cells were examined
under the microscope (Wang et al., 2018).

Statistical analysis

We performed analysis of variance for statistical
analysis as appropriate. The significances were then ranked using
Least significant different-ANOVA analysis with 95% confidence
intervals. Values are expressed as the mean and + standard error of
mean (SEM). All the tests were carried out using SPSS version 23.

RESULTS AND DISCUSSION

The effect of n-hexane extract of Eleutherine americana
in inhibiting foam cell formation on ox-LDL stimulated
macrophage

The purpose of this research was to prove whether the

n-hexane extract of E. americana was able to inhibit the formation
of macrophage-derived foam cell in vitro. Macrophage foam
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cell is formed through the increase of ox-LDL uptake into the
macrophages without adequate cholesterol lipid efflux. Foam
cell is marked by the presence of lipid deposits in the cytoplasm
of macrophages which is microscopically visible with Oil Red
O staining (red color) (Fig. la). The monocytes isolated from
PBMCs, after undergoing differentiation, were incubated with
n-hexane extract of E. americana with the dosage of 0.25, 1 and
2 mg/ml. We demonstrated that the percentage of the foam cells
was decreased in the treatment group that was given n-hexane
extract compared with the control group which was only given
ox-LDL that seemed to be dose-dependent (Fig. 1b). Identically,
the result of the examination using absorbance of Oil Red O on a
spectrophotometer, which indirectly exposed the content of lipid
in the cells, showed that there was a decrease of lipid content in
the treatment group compared to the control group that seemed to
be dose-dependent (Fig. 1c)

The results of this study showed, for the first time, that the
n-hexane extract of E. americana demonstrated anti-atherosclerotic
activity. This was demonstrated through its capability in inhibiting

the formation of foam cells on ox-LDL induced macrophages. Foam
cells formation can be inhibited through either the ox-LDL uptake
mechanism or cholesterol efflux from macrophages. The balance
between the two processes is important in maintaining a normal
level of intra-cell lipid. On the contrary, cell failure in balancing the
two mechanisms can lead to excessive lipid accumulation which
results in the acceleration of apoptosis and cell necrosis and finally
manifested as atherosclerotic plaque (Yu et al., 2013).

Previous studies have provided ample evidence that
natural substance extracts possess anti-atherosclerotic activity.
Some biological activities related to anti-atherosclerosis from
natural substances under empirical research were Zanthoxylum
heitzii as anti-oxidative stress (Ntchapda e al., 2015), Premna
integrifolia Linn. that demonstrated ability to improve the lipid
profile, atherogenic index, cardiac marker, and atherosclerotic
lesion on mice fed with high-fat diet (Subramani et al., 2017),
and Salviae Miltiorrhizae Radix et Rhizoma that showed anti-
atherosclerotic effect, anti-inflammatory effect, and protection
against of oxidative damage (Li et al., 2018; Pang et al., 2016).
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Figure 1. Effects of n-hexane extract of E. americana administration in inhibiting foam cell formation in ox-LDL stimulated macrophages. (a) Monocytes
originating from PBMCs, after underwent differentiation, were given n-hexane extract with a dose of 0.25, 1, and 2 mg/ml, incubated for 24 hours, and then
stimulated with 100 pg/ml ox-LDL. After 48 hours of incubation, cells were stained with Oil Red O. The red color indicated the lipid stained by Oil Red O. (b)
The number of foam cells was computed by the cell counter. (¢) The macrophages stained with Oil Red O were added with 100 pl isopropanol 100% for 10
minutes and were read on spectrophotometer 570 nm wavelength. All data are presented as mean + SEM, *p < 0.05 compared to the ox-LDL group.
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The effect of n-hexane extract of Eleutherine americana in
decreasing of TLR4 protein expression on ox-LDL stimulated
macrophage

TLR4 is a membrane protein expressed by macrophage
which is activated by a foreign object like ox-LDL that acts as
a scavenger receptor. We used immunofluorescence staining to
examine the effect of the n-hexane extract of E. americana in
decreasing TLR4 expression. The treatment group that was given
n-hexane extract with various dosages showed a decrease in the
intensity of TLR4 expression. This effect seemed to be dose-
dependent. A significant decrease occurred in the treatment group
given | and 2 mg/ml of n-hexane extract compared to the control
group that was given ox-LDL (Fig. 2).

This study also proved that the n-hexane extract of E.
americana were able to decrease the expression of TLR4 receptor.
The TLR4, besides being responsible for activating the cascade of
cellular inflammation through NF-kB, has been identified as the
receptor that increases the uptake of ox-LDL into the cell (Falck-
Hansen et al., 2013). By decreasing TLR4 expression on the
macrophage, the uptake of ox-LDL into the macrophages would
also be reduced resulting in less foam cell formation. Another study
found that mice with TLR4" deficiency that was fed with a high-fat
diet for 6 months has a decreased size of atherosclerotic lesions,
lipid content, and macrophage infiltration (Higashimori et al.,
2011; Mahmoudi, 2016). This study demonstrated that TLR4 has a
vital role in the process of cholesterol uptake into the macrophages.

The effect of n-hexane extract of Eleutherine americana
in increasing ABCA1 and ABCGI1 expression on ox-LDL
stimulated macrophage

ABCA1 and ABCGI are transporter proteins that
have an important role in lipid transport from intracellular to
extracellular to be caught by Apo-Al and high-density lipoprotein
in the cholesterol efflux mechanism. We used double-staining
immunofluorescence to examine the effect of n-hexane extract
of E. americana toward ABCA1 and ABCGI expression. The
treatment group that was given n-hexane extract with various
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dosage demonstrated an increase in the protein expression of both
ABCAT1 and ABCGH that seemed to be dose-dependent compared
to the control group that was given only ox-LDL (Fig. 3).

The increase in ABCA1 and ABCG1 protein expression
on ox-LDL stimulated macrophages showed that the n-hexane
extract of E. americana has a positive effect on intracellular
cholesterol metabolism. ABCA1 and ABCGI are very important
for cholesterol transport in cholesterol efflux (Yvan-Charvet
et al., 2010). Cholesterol efflux is a vital mechanism in cellular
cholesterol homeostasis as a response to the fluctuation of
cholesterol uptake. (Park e al.,2012) On the other hand, imbalance
between cholesterol uptake and cholesterol efflux is the basis for
intracellular lipid deposition that leads to foam cells formation.
In the end, excessive accumulation of intracellular cholesterol
would cause cellular toxicity and cell death (Yuan et al., 2012).
In this study, n-hexane extract of E. americana was proven to
improve intracellular cholesterol circulation simultaneously
through both the uptake and the secretion process. This confirms
the effectiveness of E. americana as a modulator of cholesterol
homeostasis in macrophages.

In this study, administration of n-hexane extract of E.
americana, despite being able to increase the protein expression
of ABCA1 and ABCGI, did not affect the activity of PPARy
transcription factor (Fig. 4). This effect is contrary to the result
demonstrated by Matsumura et al. (2011) in which Telmisartan
increased the expression of ABCAl1 and ABCGI through
activation of PPARy. The expression of ABCA1 and ABCGI is
regulated by PPARYy and LXR nucleus receptors, both will activate
the genes responsible for the expression of ABCA1 and ABCGl1
(Remmerie and Scott, 2018). It is possible that n-hexane extract
of E. americana increased the expression of ABCA1 and ABCG1
through the LXR pathway directly. Nevertheless, this has not
been proven. Another study has shown that increased expression
of ABCA1 and ABCG1 occurred through activation of the LXR
nucleus receptor (lizuka et al., 2012). Meanwhile, there is also
a study that proved that PPARy and LXR work collaboratively
through the PPARY/LXR pathway axis in regulating ABCA1 and
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Figure 2. Administration of n-hexane extract of E. americana was able to reduce TLR4 protein expression in human macrophages stimulated
with ox-LDL. In picture (a) macrophages derived from PBMCs were given n-hexane extract of 0.25, 1, and 2 mg/ml dosage, incubated
for 24 hours, and then stimulated with 100 pg/ml ox-LDL. After 48 hours of incubation, cells were fixed with 4% paraformaldehyde and
immunofluorescence staining was performed using mouse monoclonal IgG TLR4 primary antibody and goat anti-mouse IgG H and L
(FITC) secondary antibody. The result observed with a confocal microscope demonstrated different levels of intensity (green color) that
showed TLR4 protein expression. (b) The result of quantitative color intensity measurements in the treatment group given n-hexane
extract of 1 and 2 mg/ml dosage was decreased *p = 0.008 and 0.000 compared to the control group that was given ox-LDL. All data are

presented as mean + SEM.
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Figure 3. Administration of n-hexane extract of E. americana was able to increase the ABCA1 and ABCGl protein expression in human macrophages stimulated
with ox-LDL. (a) Macrophages derived from PBMCs were given n-hexane extract of 0.25, 1, and 2 mg/ml dosage, incubated for 24 hours, then stimulated with
100 pg/ml ox-LDL. After 48 hours of incubation, cells were fixed with 4% paraformaldehyde and double staining immunofluorescence was performed. In (a), the
result observed with a confocal microscope demonstrated different levels of intensity (green color) that showed ABCA1 expression, while the red color showed
ABCG]1 protein expression. (b) The result of quantitative color intensity measurements in the treatment group was decreased compared to the control group with

*p =0.000. All data are presented as mean + SEM.
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Figure 4. Administration of n-hexane extract of E. americana had no effect in increasing PPARy activity in human
macrophages stimulated with ox-LDL in vitro. Macrophages derived from PBMCs were given n-hexane extract of
0.25, 1, and 2 mg/ml dosage, incubated for 24 hours, then stimulated with 100 pg/ml ox-LDL. In the group given
n-hexane extract, there was an increase in PPARy activity but was not significant compared to the control group

given ox-LDL only. All data are presented as mean = SEM.

ABCGT1 expression (Jiang et al., 2017). The result of this study
provides the basis for further research on the mechanism of E.
americana in inhibiting atherosclerosis so that it can be used as
one of the approaches in the treatment of atherosclerosis.

CONCLUSION
We conclude that the n-hexane extract of E. americana
was proven to have an anti-atherosclerotic activity by inhibiting

foam cell formation through decreasing the ox-LDL uptake and
increasing cholesterol efflux simultaneously.
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