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Abstract
Inhibition of atherogenesis through inhibition of lipid metabolism has not
been explored while other inhibitions through inflammation, endothelial
dysfunction and free radicals have done. Inhibition of atherogenesis via inhibition of lipid metabolism can be done through the mechanism of Reverse
Cholesterol Transport (RCT). Signaling pathways that play a role in this mechanism is LXR signaling. LXR activation by an LXR agonist led increasing
cholesterol efflux. Catechins based on bioinformatics study showed as a potent candidate LXR agonists that can be used as an inhibitor of atherogenesis.
This study aims to prove that the administration Catechins green tea Clone
GMB4 can prevent atherosclerosis through increasing mechanism cholesterol
efflux from macrophage by taking effect of ABCA1, ABCG1, SRB1 gene expression in cultured macrophages were exposed ox-LDL. Long-term goals of
the outcome of the research are the use of Catechins Green Tea Clones GMB4
as an inhibitor of atherogenesis so that it can be used as a complementary
therapy for the treatment of atherosclerosis and cardiovascular diseases. The
research is divided into 5 groups, namely the culture of macrophages without
exposed ox-LDL, culture exposed ox-LDL and groups of Catechins dose I, II,
III. In vitro study showed that administration of Catechins increases mRNA
of ABCA1, whereas mRNA ABCG1 and SRB1 decreased at all three doses
given. The result of protein profilling was identified a protein with a molecular weight of 70 kDa by SDS-PGE with silver staining.
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1. Introduction
Cardio vascular disease (CVD) is first cause of death in the world. Atherosclerosis is the main contributor cause of death because the trigger of myocardial infarction and ischemic stroke. Based on WHO data, CVD mortality rate is estimated at 36.3% (1 of 2.3 of the total number of deaths) in the United States in
2004. While the costs for CVD in 2007 was reported at $431.8 billion [1]. The
process of atherogenesis can be initiated by high LDL that cause endothelial injury that trigger endothelial dysfunction. The next process, NADPH oxidase
oxidized LDL endothelial cells. LDL modification that caused enzymatic and
oxidative reaction triggers the release of inflammatory lipid which induces endothelial cells express leukocyte adhesion molecules. Modified LDLs were scavenged by scavenger receptors of macrophages that develop into foam cells [2].
One pathway inhibits atherosclerosis through a mechanism of reverse cholesterol transport (RCT). Reverse cholesterol transport is the process efflux cholesterol
macrophages to HDL or lipid-free apolipoprotein like Apo-A1 or Apo E [3].
Further, HDL or Apo A1 is uptaked by the liver where free cholesterol in the
liver to be excreted into the bile ducts in the form of cholesterol that is not
changed or after converted into bile acids. The next process is the transport of
intestinal cholesterol to be excreted through the feces. One of the signaling
pathways that contribute to the inhibition of atherosclerosis through mechanisms RCT is LXR. Liver X receptors act as sensors of cholesterol that works to
lower cholesterol levels through increasing the expression of a target gene associated with RCT that are the protein transporter ATP-binding cassette subfamily
A member 1 (ABCA1), ATP-binding cassette subfamily G member 1 (ABCG1),
Apo A1 and hepatic scavenger receptor class B type I (SRB1) [4].
LXR signaling is activated by an agonist effect on effluks cholesterol in macrophages which can be seen by inspection parameter ABCA1, ABCG1, Apo A1
and SRB-1. LXR clicking the upregulation of expression of ABCA1 transporter
and ABCG1 whose role is to transport cholesterol from the plasma membrane to
the extracellular acceptor. ABCA1 is a major protein for cellular cholesterol to
Apo effluks acceptor such as ApoA1 and the first step in RCT. ABCA1 transporter is also a fully working as a single molecule to transfer cholesterol and phospholipids in the plasma membrane into pre high density lipoprotein (HDL) and
lipid-free ApoA1. While working as a homodimer ABCG1, the transfer of cholesterol to HDL is not a lipid-free ApoA1 (Julve et al., 2011). Intervention therapy for improving the expression of ABCA1 and ABCG1 is an effective strategy to
increase RCT macrophages and potentially reducing atherosclerosis. While Scavenger receptor B1 is a key receptor responsible for the selective uptake of cholesterol ester (CE) from HDL to the liver, the hepatic SRB1 positive regulator
known as RCT. Without the SRB1, macrophages RCT will not run. The role of
SRB-1 against the uptake of cholesterol in the liver and affect RCT research
supported Zhang et al. (2005) [5]. Other studies El Bouhassani et al. (2011),
Zhao et al. (2011) shows the results of the same study that mice with knockout
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1180

Food and Nutrition Sciences

E. Susanti et al.

SRB1 will reduce RCT. Based on the above research proves that the SRB-1 plays
a role in RCT through the uptake of cholesterol by the liver. Based on the above
background research is needed on the role of Catechins in inhibiting atherogenesis through increased effluks cholesterol through the RCT with the ABCA1
gene expression parameter, ABCG1 and SRB1 [6] [7].
Macrophages are the first inflammatory cells that cause atherosclerotic lesions
that are major components of atherosclerotic plaque. In the pathogenesis of
atherosclerosis, monocyte infiltration of blood to the intima and subintima, a
process which are activated by the accumulation of lipoproteins containing apolipoprotein B (apoB-LPs) subendothelial. The presence of chemokines would
cause the monocytes bind to the endothelium by effecting of P-selectin, E-selectin,
Lymphocyte Function-Associate Antigen-1 (LFA-1), verry late antigen-4 (VLA-4),
Vascular Cell Adhesion Molecule-1 (VCAM-1) and Intracellular Cell Adhesion
Molecule-1 (ICAM-1), which in turn will monocytes enter the subendothelial so
that is known diapedesis. The next phase occurs macrophage differentiation influenced by Macrophage Colony Stimulating Factor (MCSF). M1 differentiated
from high Ly6C monocytes that cause inflammation, which is activated by Lipopolisacharide (LPS) in the presence of interferon-γ (IFNγ), which triggers the
production of interleukin-2 (IL-2), Interleukin-23 (IL-23), interleukin-6 (IL-6),
Interleukin-1 (IL-1) and Tumor Necrosis Factor-α (TNFα) at high levels. While
M2 differentiate from low Ly6C monocytes that play a role of inflammation.
This differentiation is effected by IL-4, IL-13, IL-1 and vitamin D3 so that lead to
produce IL-10, expression of scavenger receptors, mannose receptors and arginase in large quantities. In the development of atherosclerosis there is an imbalance between M1 and M2 [8]. Atherogenesis process can be inhibited by a mechanism RCT. The RCT mechanism activated by LXR signaling. LXR/RXR heterodimer binds to LXR response element (LXRE) containing sequences hexamerik (AGGTCA). LXR/RXR can be activated by LXR agonists and 9-C is Retinoic Acid (9cRA), RXR specific ligands. These receptors can also be activated
synergistically with the ligand for the two receptors. Activators of endogenous
LXR is oxysterol, oxidized cholesterol derivatives, namely 22-(R)-, 20-(S)-,
24-(S)-hydroxycholesterol dan 24-(S), 25-Epoxycholesterol which induces transcriptional activity of LXR at physiological concentrations, Coactivator for LXR
transactivation are Grip 1, Ap 160 Coactivator, TRRAP, PGC-1α. PGC-1α not
only as a key regulator of hepatic gluconeogenesis but as Coactivator LXRα. In
the absence of ligand, nuclear receptor represses gene transcription by recruiting
corepresor proteins such as nuclear receptor corepressor (NCoR) and silencing
mediator of retinoic acid and thyroid hormone receptor (SMRT). Transrepression by LXR depends on the interaction NCoR and SMRT [9]. Activation of
LXR signaling increases choleterol efflux through increasing protein transporter ABCA1, ABCG1 and SRB1. ABCA1 gene is expressed in high amounts in
liver, testis, small intestine, adrenal glands, heart, brain and macrophages. ABCA1
gene expression is regulated by intracellular cholesterol levels. mRNA of ABCG1
is expressed at moderate to high levels on macrophages, spleen, lung, thymus,
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placenta, brain and at low levels in other tissues, liver. One of the natural substances that can potentially increase cholesterol efflux from macrophage is Green
Tea GMB4 clone. Green tea is developed by the Centre for Development of Tea
and Quinine Gambung with the high content of Catechins. Based on the results
of analysis total Catechins from Green Tea clones GMB4 are 14% - 16% [10].
“Catechins” is a group of flavonoid consisting of Epicatechin (EC), Epigallocatechin (EGC), Epicatechin Gallate (ECG), Epigallocatechin gallate (EGCG), catechin, gallocatechin, catechin gallate, gallocatechin gallate [11].

2. Method
Isolation of Catechins Green Tea GMB4 clone conducted at the Laboratory of
Organic Chemistry, Department of Chemistry, Faculty of Science, Institute of
Technology Bandung and Laboratory of Research Center for Tea and Quinine,
Gambung, Ciwidey, Bandung.
Cultured macrophages can be providing by the isolation of Mouse Peritoneal
Macrophages. Macrophage culture purity was measured using the CD 11B marker
by Flowcitometry until have more than 80% of purity.
Macrophages were cultured in T25 culture flasks with medium RPMI 1640.
Experiments conducted when the cells were 90% confluent. Foam cell formation
performed by the addition of ox-LDL in macrophages culture medium. After 72
hours of exposure ox-LDL, the media are removed to free ox-LDL, furthur given
the treatment with Catechins. Foam cell formation and administration Catechins
were performed in cultured macrophages (1 × 106/ml) and incubated with ox
LDL (100 μg/ml) for 72 hours. At the end of the incubation medium is removed
and replaced with a new medium and given treatment for 24 hours. Measured
the expression of ABCA1, ABCG1 and SRB1 after 72 hours of exposure to oxLDL [12].

2.1. Real-Time PCR mRNA Analysis
RNA was isolated from cultured macrophage with the RNeasy-mini kit according to the manufacturer’s guidelines. Concentration of RNA was determined by
measuring absorbance at 260 nm (A260). The A260/A280 ratio of the samples
ranged from 1.8 to 2.2. Real-time PCR assays were carried out using SYBR green
PCR Master Mix on a GeneAmp 5700 Sequence Detection System (Applied Biosystems) according to the manufacturer’s protocol. Results were normalized to
GADPH (housekeeping gene) expression [12] [13].

2.2. Western Blot Analysis
Aortic and hepatic protein levels of markers involved in RCT (ATP binding cassette A-1 [ABCA-1], ATP binding cassette G-1 [ABCG1] and scavenger receptor
BI [SR-BI]) were analysed by Western blot analysis. Aortic and liver segments
were excised, removed of surrounding adherent and connective tissue. Thereafter, the liver and aorta tissues were homogenized in lysis buffer (50 mmol/l TrisDOI: 10.4236/fns.2019.109085
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HCl, 1 mmol/l ethylenediaminetetraacetic acid (EDTA), 1% Triton X-100, 0.1
mg/ml PMSF, 1 g/ml aprotinin, 10 g/ml leupetin, pH 7.4, briefly sonicated. Consentration of protein were measured by nanodrop instrument. Samples (50 g/lane)
were subjected to SDS-PAGE and transferred to nitrocellulose membranes. Blots
were placed in Tris-buffered saline, 0.05% Tween 20 (TBST) supplemented with
PBS containing 3% BSA for 2 hrs at room temperature and then incubated with
ABCA-1, ABCG1 and SRB1 overnight at 4˚C. The blots were washed three times
with TBS-Tween, and the membranes were incubated with horseradish peroxidase-conjugated antibodies for 1 hr at room temperature and washed again as
described previously [12] [13].

2.3. Statistical Analysis
Data are presented as mean ± SD of five replication. Statistical differences between multiple groups were determined by analysis of variance (ANOVA) Statistical comparations were made using of Tukey test. Difference were considered
significant at p < 0.05.

3. Result
Results Isolation of macrophages from the Mouse Peritoneum Macrophage
(MPM). To determine the number of the isolated cells was measured by hematositometer as shown in Table 1.
The number of macrophages ranged between 0.5 up to 1 × 106 macrophages
per mouse [14] [15]. Isolated macrophage cells were confirmed using Flowsitometry with CD11B marker (Figure 1).
The identification results using CD 11B marker shows 94.83% and 81.64% of
the population of cells are macrophages. These results are used guidelines for
primary culture MPM. Additionally performed microscopy for characterization
of macrophage cells from isolated MPM (Figure 2).
Induced ox-LDL of 50 mg/L in cell culture for 72 hours aimed to formation of
foam cells. Cell foam that is formed can be observed by staining with Oil Red O
to be stained orange as shown in Figure 3.
Determination mRNA of ABCA1 ABG1, SRB1 on cultured Macrophages.
Table 1. Number of isolated macrophage cells from Mouse Peritoneum Macrophages
(MPM).
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Sample

Macrophage Cells

1

1.19 × 106 cells/mL

2

1.04 × 106 cells/mL

3

0.85 × 106 cells/mL

4

1.10 × 106 cells/mL

5

0.98 × 106 cells/mL

Averages

1.03 × 106 cells/mL
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Figure 1. The identification of macrophage cells with flowsitometri CD 11B marker.

Amplification curve of mRNA ABCA1, ABCG1 and SRB1 shows in Figure 4.
There are differences in CP/Ct between the treatment groups in which small
Ct value indicates the high value quantification of mRNA.
Quantification of mRNA ABCA1, ABCG1, SRB1 in cultured macrophage
(Table 2).
Statistical analysis showed that there is significant increase mRNA ABCA1
significantly in dose 50 μM and 100 μM Catechins with p value 0.003 and 0.000
where the value is less than 0.05, whereas the mRNA ABCG1 significant decrease in the third dose Catechins given. mRNA SRB1 significant decrease in
dose of 50 μM compared with the group that was exposed ox-LDL with p value
0.039 (Table 2).
Expression of the protein with 70 kDa of molecular weight increased in a dose
of 25 μM and 50 μM while 100 μM dose decreased expression (Figure 5). The
results of SDS-PAGE with Coumasine Blue shows only one protein band at almost the same molecular weight. Confirmation of the expression of ABCA1 protein, ABCG1 and SRB1 by western blotting could not be detected.
Characterization of the isolated macrophages were done by identification with
flowcytometry with CD 11B marker. Based hussell and Bell, 2014, CD 11 B surface marker is a Mouse Peritoneal Macrophage marker that is expressed in sufficient levels except CD14, F4/80, and class II of MHC. Characterization of macrophages by fluorescence using labeled monoclonal antibodies that specifically
recognize a protein expressed by macrophages. Surface markers can be used to
DOI: 10.4236/fns.2019.109085
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 2. Results macrophage morphology culture. (a) culture of the macrophage day 1;
(b) the culture of macrophages day 1 after being washed; (c) (d) replication to −2; (e) (f)
Replication to −3.
Table 2. Quantification of mRNA ABCA1, ABCG1, SRB1 in cultured macrophage.

DOI: 10.4236/fns.2019.109085

Sample

mRNA ABCA1
(number of copied)

mRNA ABCG1
(number of copied)

mRNA SRB1
(number of copied)

Control −

251,009 ± 6475.5

1,441,469 ± 50,237

311,759 ± 6579.8

Control +

91,068 ± 5704.3

1,108,831 ± 17,337

289,978 ± 1575.3

Dose 25 µM

163,583 ± 2941.3

625,803 ± 5798.6

278,091 ± 22,094.7

Dose 50 µM

342,051 ± 84,144

371,635 ± 16,532

252,639 ± 8485.6

Dose 100 µM

502,637 ± 59,101

296,746 ± 2088.3

260,631 ± 3871.7
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Figure 3. Results of oil red O staining of macrophage foam cells. Lipid droplets orange (

) while the cell nucleus is blue (

).

Figure 4. mRNA amplification curve of ABCA1, ABC G1, SRB1.
DOI: 10.4236/fns.2019.109085
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Figure 5. The Profiling Protein SDS-PAGE with Silver Staining, The control group + (a),
the control − (b), the dose I (c), dose II (d) and dose III (e) indicate the presence of a
protein with a molecular weight of 70 kDa whose expression is increased in a dose 25 μM
and 50 μM of Catechins.

distinguish macrophages with other cells in a heterogeneous cell population.
Flowcytometry can identify and sort out the desired cell in a heterogeneous cell
population. CD 11B is a specific marker for identifying macrophages in addition
to CD68 and F4/80 [16]. The results of cell culture macrophage morphology
compared with literature review, research Kim 1997 showed morphological characteristics similar to the results of research that has been done [17]. So that is in
accordance with research conducted by Wang et al., 2010 [18]. To induce the
formation of foam cells given ox-LDL of 50 mg/L. The treatment conditions
consistent with research Ming Su et al., 2015 conducted research on cells U 937
incubated with ox-LDL concentrations are different start 0; 25; 50; 75; 100 and
125 mg/L and done with oil red O staining showed that the concentration of 50
mg/L is an optimal concentration for the formation of foam cells [19]. Other
studies have linked foam cells staining with Oil Red O staining demonstrated by
Kinkel et al., 2004, The result Oil Red O propylene staining in 3T3-LI cells which
the lipid droplets red/orange and the cell nucleus surrounded by clear boundaries [20].
The results show that Catechins dose of 50 μM and 100 μM in significant increases ABCA1 mRNA, whereas ABCG1 mRNA decreased at all three doses
given Catechins. SRB1 mRNA decreased significant at doses of 50 μM. These
results indicate that the main pathway of cholesterol efflux via ABCA1 by increasing ABCA1 mRNA at a dose of 50 μM for optimum Catechins with small
doses has been able to provide the expected effect. There are several pathways
cholesterol efflux from foam cells are fused to intermediary water, via ABCA1,
ABCG1, SRB1 and endogenous product of Apo E lower lipids. In normal murine
macrophage cholesterol diffusion dominant aquoeus while macrophages with
cholesterol exposure ABC transporter dominant. Efflux path relative contributions are 35% ABCA1, diffusion aquoeus 35%, 21% and SRB1 ABCG1 9%. Diffusion aquoeus that determines the speed of desorption effluks is free cholesterol
from the plasma membrane into the surrounding water phase while being acDOI: 10.4236/fns.2019.109085
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ceptor in this pathway is the HDL-L, HDL and HDL-M-S. Efflux is not influenced by the size of HDL particles [21]. Widely accepted that HDL protects
atherosclerosis by way of removing excess cholesterol from the cells by an active
process mediated by membrane transporter ABCA1 [22]. Induction efflux cholesterol by inducing up-regulation of expression ABCA1 mRNA. Up regulation
is in line with research Xia et al., 2005 where the provision of transcription inhibitor that inhibits the expression actinomisin D and efflux cholesterol by binding
to DNA. ABCA1 transcription occurs through activation of nuclear receptors
LXR LXR both α and β LXR and RXR. Giving an LXR antagonist that is significant G6PP negate ABCA1 mRNA expression and efflux cholesterol. Catechins
work through the mechanism of activation of LXRα. The regulation of gene expression by binding to the LXR element of ABCA1 promoter. Upstream regulation of LXRα and ABCA1 adalagh PPARγ a group of nuclear receptors that regulate genes involved in lipid homeostasis. PPARγ antagonist GW 9662 is signifcant decrease the expression of ABCA1. Confirmation of protein expression
by western blotting cannot be detected transporter protein being targeted. While
the SDS-PAGE silver staining identified the protein with a molecular weight of
70 kDa that needs to be further explored to identify the protein expression is associated with macrophage cholesterol efllux.

4. Conclusions
Based on the results of research and discussion, it can be summed up as follows:
1) Catechins increase mRNA ABCA1 and decrese mRNA ABCG1 and SRB1
in cultured macrophages were exposed ox-LDL.
2) Catechins increase the expression of the protein with a molecular weight of
70 kDa based on the results of SDS-PAGE with silver staining in cultured macrophages were exposed ox-LDL.
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