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The efflux of cholesterol from macrophage to liver is known as reverse cholesterol transport (RCT). Impaired
cholesterol efflux leads to cholesterol accumulation in macrophages. Therefore, how to increasing cholesterol efflux
may be an effective strategy for atherosclerosis prevention. Key molecules that play a vital role in the efflux of
cholesterol from macrophage are Adenosin Tri Phosphate (ATP)-binding casette transporters Al and G. This study was
undertaken to clarify the effect of Catechins on the expression of specific transporters such as ATP-binding cassette
sub-family A member 1 (ABCA1), ATP-binding cassette sub-family G member 1 (ABCG1) from macrophage to liver,
and scavenger receptor class B type I (SRB1). This research was done on Wistar rats induced atherogenic diets. SRB1
is one of the transporters to facilitate the delivery of cholesterol from the macrophage to the liver. The SRB1 pathway
mediated the selective uptake of cholesteryl ester. Catechins significantly increased the mRNA expression of ABCAI
and ABCGH in aorta as well as SRB1 of liver also increased. Thus, Catechins decreased the total cholesterol levels in
aorta and serum. Catechins can be developed as a potential agent to increase ABCAL to inhibit atherogenesis process.
In conclusion, this study indicates that the potential anti-atherogenic properties of Catechins could be explained, at
least in part, as being due to upregulated expression of ABCA1, ABCG1, and SRB1 through activation liver X receptor

signaling pathway.

INTRODUCTION

Liver X receptor (LXR) is one of the signaling pathway
that contributes to the inhibition of atherogenesis via reverse
cholesterol transport (RCT) mechanism. LXR that stimulate efflux
of cholesterol from cells to high-density lipoprotein (HDL) particle
may protect cholesterol overload through increased expression of
the target gene associated with RCT, the conversion of cholesterol
into bile acids, and intestinal cholesterol transport. HDL particle
mediated cellular cholesterol efflux. The target genes associated
with RCT include the following groups: Adenosin Tri Phosphate
(ATP)-binding cassette [(ABC) sub-family A member 1 (Al)/
sub-family G member 1 (G1)/sub-family G member 1 (G5)/sub-
family G member 1 (G8)], phospholipid transport protein Apo E/
CI/CII/CIV, and cholesterol 7a—hydroxylase (Cyp 7a). LXR also
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triggers the synthesis of fatty acids (FA) and triglycerides through
upregulation of genes using sterol regulatory element binding
protein lc, FA synthase, and acetyl-CoA carboxylase (Annema
and Tietge, 2012).

Recently, the studies dealing with RCT is increasing
significantly. The study of cholesterol efflux by Catechins
treatment was carried out by Rosenblat ez al. (2008). The results
of the study show that the extra virgin olive oil enriched with
polypheenols green tea increase the cholesterol efflux through
HDL increase. This research is unable to explain the role of
mechanisms in the cholesterol efflux (Chang et al., 2012).

As an LXR agonist, Catechins’ activity can be observed
by measuring parameters associated with the activation of LXR
signaling pathways. LXR signaling is activated by an agonist effect
on the cholesterol efflux in macrophages through ABCA1, ATP-
binding cassette sub-family G member 1 (ABCG1), and scavenger
receptor class B type I (SRB1). Proteins are main transporter
that plays a vital role in cholesterol efflux. ABCA1 and ABCG1
transporters are widely expressed in macrophages and is also
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Table 1. Composition of normal and atherogenic diets.

Component Normal diet Atherogenic diet
PARS/chicken feed (g) 225 200
Wheat flour (g) 100 100
Cholesterol (g) - 8

Cholic acid (g) - 0.8

Pig oil (ml) - 10
Aquadest (ml) 100 81.2

Note: Chicken feed/PARS (with water content, proteins, fats, fiber, ash, calcium,
phosphorus, antibiotics, and coccidiostat).

expressed on hepatocytes, enterocytes, adipocytes, and skeletal
muscle cells. ABCAL is a major protein for the efflux of cholesterol
selluler to apolipoprotein A1 (ApoAl) and be the first step in RCT.
ABCALI is also a full transporter that works as a single molecule
to transfer cholesterol and phospholipids of the plasma membrane
to pre-HDL and lipid-free ApoA1l. Whereas ABCGI1 transfer only
cholesterol to HDL (4). Therapeutic interventions to increase the
expression of ABCA1 and ABCGI1 are an effective strategy to
increase RCT macrophages and potentially reducing atherosclerosis.
Other parameters that play a vital role in RCT is SRBI.

SRB1 is a receptor responsible for the uptake of
cholesterol ester (CE) from HDL to the liver, hepatic SRB1 is
also known as positive regulator of macrophage RCT. Without
the SRB1, macrophages RCT will not run. While SRB1 hepatic
overexpression increase the cholesterol excretion into feces. The
role of SRB1 in the uptake of cholesterol in the liver and the
effect of RCT was described by Zhang et al. (2005). Other studies
(El Bouhassani et al., 2011; Zhao et al., 2011) show the results of
the same study that mice with knockout SRB1 will reduce RCT.
Hence, the SRB1 plays a vital role in RCT through the uptake of
cholesterol by the liver. Catechins from green tea GMB-4 Clone
can be developed agonist LXR. So, further research is needed to
prove the effect of Catechins on the inhibition of the atherogenesis
process through activation LXR signaling (El Bouhassani ez al.,
2011; Hu et al., 2010; Hosomi et al., 2010).

MATERIALS AND METHODS

Materials

Green tea GMB-4 Clone were obtained from Tea and
Quinine Research Center Gambung. Catechins were obtained
from the isolation of green tea GMB-4 clones in powder form.
The isolation procedure was conducted on the Laboratory of
Chemistry, Faculty of Science, Bandung Institute of Technology,
Bandung, Indonesia. Reagent grade of all chemicals were used.

Animal care and experimental desain

In this study, 25 experimental animals were used and
these were divided into five treatment groups at the time when
the study was 8 weeks. Five-week-old male Wistar rats were
well-kept placed in room temperature. After acclimatization for
7 days have given a normal diet , the groups of treatment have
given atherogenic diets prepared according to that recommended
by Murwani et al. (2006). Animals were acclimatized pre-
treatment to adapt the environmental conditions. Five groups of
rats were given free access to water and experimental diets. Table
1 shows the composition of the experimental diet atherogenic.

Experimental diet consumption were recorded every day whereas
BW were recorded every week. After treatment for 8 weeks,
rats were weighted and sacrificed. Blood, liver, and aortic tissue
were collected, rinsed and kept at —80°C until analysis. The
experimental protocol was reviewed and approved by the Ethics
Committee of Medical Faculty of Brawijaya University.

Real-time PCR mRNA analysis

To analysis mRNA, a volume of 30 mg of frozen aortic or
hepatic tissuewas used. Isolation RNA was performed by RNeasy
Mini Kit. 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. The results were normalized to GAPDH
(housekeeping gene) expression (Julve et al., 2011; Kouadjo et al.,
2007; Lizuka et al., 2012).

Western blot analysis

The Western blot analysis was used to identify
ABCGI1, ABCAI, and SRBI1 expression. The liver and aorta
tissues were homogenized in lysis buffer and briefly sonicated.
Lysis buffer is composed of 50 mmol/l Tris-HCIl, 1 mmol/l
ethylenediaminetetraacetic acid, 1% Triton X-100, 0.1 mg/ml
phenylmethylsulfonyl fluoride (a protease inhibitor that reacts
with serine residues to inhibit trypsin, chymotrypsin, thrombin
and papain), 1 g/ml aprotinin, 10 g/ml leupetin, and pH
7.4. 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% bovine serum albumin for 2 hours at room
temperature and then incubated overnight at 4°C. The blots were
washed three times with TBST, and the membranes were incubated
with horseradish peroxidase-conjugated antibodies for 1 hour
at room temperature and washed again as described previously
(Julve et al., 2011; Kouadjo et al., 2007; Lizuka et al., 2012).

Aortic and hepatic tissue cholesterol content quantification

A volume of 10 mg of aortic and hepatic tissue were
homogenized and the lipid content was extracted by treatment
with chloroform and Triton X-100 followed by centrifugation.
The lower phase was collected and vacuum dried. Therefore, the
results of drying were dissolved in cholesterol reaction buffer by
vortexing for 5 minutes and observed via a Cholesterol Assay Kit
(Abnova) using absorbance spectrophotometry according to the
manufacturer’s details (Julve et al., 2011; Kouadjo et al., 2007,
Lizuka et al., 2012).

Statistical analysis

Quantitative data of ABCAl, ABCGI, and SRBI
expression were obtained. Mean and SD were determined. Analysis
of variance (ANOVA) was done to measure statistical differences
between multiple groups. Statistical comparisons were made using
Tukey test. p < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Growth parameters and energy intake

Initial BW of the rat was not significantly different pre-
treatment. After Catechin administration, BW of the rat that had
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Table 2. Initial BW, final BW, BW gain, energy intake of rat fed normal, atherogenic diet and treatment of three doses catechin.

Positive control Negative control Dose I Dose I1 Dose III
Initial BW (g) 152.46 £3.61 161.64 +4.09 163.98 + 6.43 161.3 £8.556 154.72 £ 0.99
Final BW (g) 195.74 £ 15.09 272.82+11.18 240.86 = 19.25 247.22 +£35.65 238.08 £ 25.77
BW gain (g) 43.28 111.18 76.88 85.92 83.36

3.43 cal x 24.82 =
85.14 cal/day

4.03 cal x 23.33 =
94.03 cal/day

Energy intake (kcal/day)

4.03 cal x 23.19 =
93.47 cal/day

4.03 cal x 22.99 =
92.67 cal/day

4.03 cal x 23.68 =
95.44 cal/day

Mean + SD (n = 5). Analysis statistic by one way ANOVA followed by Tukey test (p > 0.05) were not significantly different. Rats were fed by experimental diets for 8 weeks. Food
consumption was recorded every day and BW was measured every week. Source: Bewick ez al., 2004.

normal diet was significantly declined by three doses when compared
with the rat that had atherogenic diets. On contrary, Catechins had
not gave significant effect to energy intake for rat (Table 2).

mRNA expression level

Melting peaks determine the specificity of primers. One
peak was shown at melting curve (Fig. la—c). Figure 1 shows
the amplification curve of standard, mRNA ABCA1, ABCGI,
and SRBI1. Difference in crossing point (CP) value shows the
difference in quantification. When the CP value smaller, then the
quantification of mRNA will be greater. Quantification results of
mRNAABCA1,ABCGI1, and SRB1 are shown in Table 3. Figure 1
shows the results of melting peaks from Real time polymerase
chain reaction(RT-PCR) analysis.

The quantitative mRNA is based on the standard of
GAPDH with various concentrations. Relative quantification of
samples was determined by the standard curve. To homogenize the
number of samples, the levels of RNA were determined and was
isolated by using nanodrop with 100 ng per sample.

Catechins 30 mg/kg BW shows an increase in the
expression of mRNA ABCA1l, ABCGI of aorta, and SRBI1
of liver. This result indicated that the macrophage cholesterol
efflux mediated ABCA1 and ABCG1, whereas cholesterol was
uptaken by the liver via SRBI. Statistical analysis showed that
mRNA, ABCAI1, and ABCGI1 between treatment groups was
significantly different. While mRNA and SRB1 of dose II and IIT
groups was significantly different from atherogenic diet with p =
0.036. Catechins of dosage 30 mg/kg BW (body weight) was the
optimum dose because it significantly increased the amount of
mRNA, ABCA1, ABCG1, and SRB1 expression.

Western blott analysis

Western blot analysis was used to identify ABCAI,
ABCG1, and SRB1 expression, as shown in Figure 2.

Serum and aortic cholesterol parameters

Total serum cholesterol levels from rats that had
atherogenic diet was higher than rats that had normal diet. The total
serum cholesterol levels from three doses of Catechins groups was
significantly lower than atherogenic diet. Although free cholesterol
levels showed similiar tendency like the total cholesterol level,
Catechins groups were significantly lower than atherogenic diet
groups. Dose II and dose III of Catechins showed decrease of total
cholesterol in aorta from the rat that had atherogenic diet.

The aim of the experiment was to prove the effect of
Catechins on the inhibition of atherosclerosis in vivo in rat that
had atheregonic diet for 8 weeks. Murwani et al. (2006) show

that the administration of rats’ atherogenic diet (Rattus novergicus
Wistar strain) for 8 weeks can raise blood cholesterol levels and
can induce the formation of foam cells significantly (Maitra
and Li, 2013). The results showed significant difference in final
BW among the groups, but energy intake was not significantly
different. This results indicated that final BW was not effected
by energy intake, but it was influenced by Catechins treatment in
various doses.

mRNA analysis for this research used RT-PCR with
B-actin as housekeeping genes. Expressions of [-actin were
detected in all tissues to maintain cellular functions. The expressions
were needed for normal cellular physiology. Quantitative
gene expression should be normalized with the expression of
housekeeping gene. The use of this housekeeping gene expression
was fixed and not affected by the treatment. This expression was
not affected by cell development, disease, and treatments (Burke
et al., 2010). Results of RT-PCR analysis showed an increase in
mRNA, ABCA1, ABCG1 of the aorta and SRB1 of the liver by
Catechins treatment. The significant difference was shown in
all doses for mRNA and ABCA1 whereas mRNA, ABCGI1, and
SRB1 was significantly different in dose 30 mg/kg BW and 120
mg/kg BW. Optimum dose 30 mg/kg BW because it provided a
significant increase in the mRNA of ABCA1, ABCG1, and SRBI.

Atherogenesis process can be inhibited by a RCT
mechanism in which cholesterol will be effluxed from macrophage
to the liver, therefore foam cells will not be generated (Cimmino et
al., 2009). On macrophages, cholesterol uptake was mediated by
the Scavenger receptor A and cluster of differentiation 36 whereas
cholesterol efflux is mediated by ABCA1, ABCGI1, and SRBI1
(Meyer et al., 2013). ABCA1- and ABCGl-mediated flux are
unidirectional, leading to net removal of cell cholesterol. These
efflux cholesterol from macrophage was needed different types of
HDL as acceptor particles, the relative levels of acceptor particles
play an important role in determining the efficiency of cholesterol
efflux when cells are exposed to serum or isolated total HDL
(Ogura et al., 2011).

SRB1 is responsible for a major portion of HDL
cholesteryl ester uptake in liver. SRB1 is expressed in hepatocytes
and macrophages mediate cholesterol efflux. SRBI1-mediated
selective cholesteryl ester uptake is a two-step process: first,
“productive” binding of lipoprotein to the extracellular domain of
SRB1 and second, selective delivery of cholesteryl ester into the
cell mediated by its extracellular domain. Mice with a mutation
in one or both alleles of SRB1 have a dose-dependent increase in
plasma cholesterol levels, whereas ApoAl levels are unchanged,
consistent with a selective lipid uptake process (Rader et al.,
2009).
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Figure 1. Melting peak of ABCA1, ABCG1, and SRBI (a, b, and ¢) and amplification curve of standard, mnRNA ABCA1, ABCGlI, and
SRBI (d, e, £, and g).
Results of other studies indicate that it is not always
cholesterol efflux mediated these transporter. Research

by Zhang et al. (2010) stated that the efflux of cholesterol
increased the levels of ABCAI protein without affecting the
expression of SRB1 and ABCGI. Inhibition of ABCAI into
the 4,4'-diisothiocyanatostilbene-2,2'-disulfonic acid disodium
salt generate suppressive effect on lipid accumulation. Also,
upregulation of ABCA1 is caused by a decrease in the rate of
degradation of ABCA1 through increasing dephosphorylation
ABCAL1 by protein phosphatase 2B. Improved stability ABCA1
through dephosphorylation cause a decrease in the accumulation
of cholesterol in macrophage foam cells. The process of
degradation and stabilization of transporter proteins effect their
expression (Rosenblat et al., 2008). Ogura ez al. (2011) showed

non-lysosomal degradation for ABCA1, ABCGI affecting RCT
in vivo. Specific inhibitors of the UPS can be used as novel
therapies to improve the RCT (Uto-Kondo et al., 2014). Uto-
Kondo et al. (2010) showed that the phenolic acids improve both
the mRNA and protein levels in ABCG1 and SRB1 but not for
ABCA1 mRNA because of the increased stability (Zhang et al.,
2010).

Polyphenols remove cholesterol from macrophage
through transporters. Cholesterol is effluxed out of macrophage
foam cells in the first step of RCT. Efflux to lipid free or lipid-poor
apolipoprotein Al (apoAl) particles (which then become mature
HDL) occurs via the ABCA1 transporter, whereas efflux directly
to mature HDL particles occurs via the ABCGI transporter
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Table 3. Quantification of mMRNA ABCA1, ABCG1, and SRB1 by RT-PCR.

Groups mRNA ABCA1(cDNA copied) mRNA ABCG1(cDNA copied) mRNA SRB1(cDNA copied)
Control — 280,871 + 59,799 2,477,302 + 375,765 3,001,581 + 605,417
Control + 207,285 + 43,355 1,701,568 + 57,907 2,463,598 + 90,662
Dose 1 489,326 + 2,168 1,344,520 + 6,592 2,939,908 = 226,964
Dose II 424,872 + 11,470 3,128,278 + 6,592 3,475,395 + 936,584
Dose 11T 339,448 + 5,023 3,422,272 + 391,851 3,470,793 + 55,309

ABCA1 aorta 220kD
e d c b a

SRB1 hepar 82 kDa
e d ¢ b a

R A - -

ABCGI1 aorta 74 kDa
a b C d e

ey
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Figure 2. Western blot analysis of ABCA1, ABCG1, and SRB1 expression from aorta and hepar of rats. Note: (a) rats
with normal diet; (b) rats with atherogenic diets; rats with atherogenic diets (c) Catechins dose I (d) Catechins dose II (e)

Catechins dose III.

(Zhang et al., 2005). Resveratrol and anthocyanin, groups of
flavonoid, increase cholesterol efflux through the upregulation
of LXR. From the previous study that shown one of polyphenol,
Paconol enhanced the mRNA and protein expression of ABCA1
but did not alter the protein level of ABCGI or other scavenger
receptors. Given pharmacological inhibitor to inhibit activity of
ABCALI was related with small interfering RNA so negates the
effect on cholesterol efflux. Increasing activity of ABCA1 was
caused by increasing activity of LXRa (Burke ez al., 2010).
Catechins increase cholesterol efflux through increased
mRNA ABCAL1 at all doses, while increased mRNA ABCG1
and SRBI at a dose of 30 and 120 mg/kg BW. The mechanism
of the expression of ABCA1, ABCG1, and SRBI is increased
through interleukin-1 receptor-associated kinase 1 (IRAK-
1) and toll-interacting protein (Tollip). IRAK-1 and Tollip are
suppressed by inhibiting the expression of nuclear receptors
such as retinoic acid receptor o (RARa) mediated by glycogen
synthase kinase-3f (GSK3p). Expression is influenced by the
inhibition of nuclear receptors such as RARa-mediated GSK3p.
IRAK-M as an antagonist make IRAK-1 modulate SRB1 and
efflux cholesterol from macrophage. Intracellular signaling role
in the activation of GSK3p and suppression of nuclear receptors
that affect the expression of ABCA1, ABCGI, and SRB1 (Zhang
et al., 2005). Transforming growth factor (TGF)-B1 is positively
correlated with the expression of ABCA1, ABCGI, and SRBI1
through increased expression of LXR. Recent research indicates

the occurrence of crosstalk between TGF-Bf1 with LXR
signaling. There is a synergistic effect on the expression of target
genes LXR and ABCA1. TGF-B1 also can activate the mitogen
activated protein kinases cascade that will effect downstream
signaling (Zhao et al., 2012). Another mechanism of Catechins
to enhance the expression of ABCA1 is through activation of
TGF B activated kinase 1 (TAK1) and mitogen-activated kinase
kinase 3/6 (MKK3/6). TAKI1 signaling and MKK3/6 activate
p38 by stimulating the phosphorylation p38. Activated p38
further enhances binding specificity protein (SP1) with LXRa
to the promoter ABCA1 which will increase the expression of
ABCAL1 (Zhao et al., 2011).

According Wojcicka et al. (2007), there is the influence
of the CoR (co-repressor) and CoA (co-activator) of the regulation
of gene transcription heterodimer LXR/ retinoid X receptors
(RXR). Bond LXR agonist stimulation induces transcription by
recruiting CoA or through induced dissociation CoR. LXR also
affect the expression of mRNA and expression of transporter
proteins that play a role in cholesterol efflux. The presence of
peroxisome proliferator activated receptor (PPAR)a and PPARy
agonists increase the expression of LXR. PPARYy affect cholesterol
efflux through transcriptional pathways involving LXRa and
ABCAL1. LXRa gene is the target gene of PPARy whereas ABCAL1
is a target of LXRa. Regulation of PPARy and LXRa stimulated
expression of ABCAT1 and cholesterol efflux from macrophages
(Chawla et al., 2001).
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Co-activator that required transactivation of LXRa is
Grip 1, Ap 160 co-activator, thyroid hormone receptor-associated
protein, and PPAR gamma coactivator-1lo (PGC-1a). PGC-1a acts
not only as a key regulator of hepatic gluconeogenesis but also
as co-activator LXRa. In the absence of ligand, nuclear receptor
represses gene transcription by recruiting co-repressor proteins
such as nuclear receptor co-repressor (NCoR) and silencing
mediator of retinoic acid and thyroid hormone receptor (SMRT).
Transrepression by LXR is dependent on the interaction of NCoR
and SMRT (Geyereger ef al., 2006).

ABCA1l gene promotor occupied by activator
upstream stimulatory factor (USF)1 and USF2 will recruit
co-activator with histone acetiltransferase activity and the
concentration is enough to stimulate promoter activity. Role of
histone acetylation is modifying histone on the regulatory gene
regions and facilitate the recruitment of other protein required
for gene transcription. In the absence of LXR agonists, NCoR
recruitment was needed to maintain the ABCA1 gene in basal
conditions. Macrophages with LXR™", NCoR not recruited by
promoters ABCAI, causing ABCAI repression gene (Wagner,
2003). LXR was an important regulator in HDL metabolism
because of their ability to control the expression of genes
involved in RCT (Calkin and Tontonoz, 2010). Genetic defects
of ABCAI1 in tangier diseases will decrease HDL levels
significantly.

ABCA1 mRNA macrophages is increased through the
mechanism of the increased activity of DNA-binding SP1. SP1
regulates the conditions of basal and inducible transcription of
several genes by binding to GC boxes (GGGCGG), GT motifs,
or elements of cholesterol total in the promoter region of target
gene. Promoter ABCA1 mouse consist of 1GC box located at
99 nucleotides upstream which is the start of transcription. SP1
mutations reduce the activity of the transcription of ABCAI
promoter. SP1 DNA-binding inhibition by mithramycin A
suppresses the expression of ABCA1. Increased phosphorylation
SP1 on macrophages increases and the DNA-binding activity of
transcription factors also increases (Chen, 2011).

ABCA1 mRNA induced by the activation of LXR
signaling through PPARy-LXR-ABCAIl signaling pathway.
LXRa is the target PPARY, upregulation ApoE, and transporter
ABCALI and ABCG1. PPARYy ligands can activate PPARy which
have an effect on LXRa. One of the natural PPARy ligands are
unsaturated FAs, oleic acid, linoleic acid, eicosapentaenoate,
arachidonic acid, and prostanoid (5 15-deoxy-12, 14-prostaglandin
J2) (Chawla, 2001; Ferre, 2003). LXR agonists endogenous,
result of lipid metabolism, may affect mRNA ABCAL1 but both
agonists PPARy and LXR endogenous of this study is controlled
by the positive control group-induced atherogenic diet. The
results showed differences in mRNA between groups were given
treatment Catechins with group induced atherogenic diet. So, it
can be concluded that Catechins increase ABCA1 mRNA through
activation of LXR signaling. Promoter LXR is a direct target
heterodimer PPARY/RXR so agonists RXR can activate LXR, but
in this study there was no ligand RXR that role, so that an increase
in mRNA ABCAL is not because of agonist RXR but because of
the treatment Catechins as an agonist LXR. mRNA levels do not
always correlate with protein levels because there is a mechanism
of post-transcriptional and post-translational effect. But research

by Su et al. (2015) shows that the relationship between ABCA1
mRNA with rate of cholesterol efflux with Pearson correlation
0.384 includes moderate correlation. Other studies supporting
the relationship of mRNA expression with cholesterol efflux are
Lizuka et al. (2012); Palozza et al. (2011); Voloshyna and Haio
(2013); Zhao et al. (2012), on cholesterol efflux through some
natural antioxidants and ABCA1 expression. LXR is a nuclear
receptor while Catechins are polar substance and hydrophilic.
The fact that how Catechins can penetrate through cell membrane
lipid bilayer is described in the research by Starp e al. (2006).
This study showed that the (+)—catechin and (—)—epicatechin
are transported through the membrane via the dominant transport
system of free diffusion and facilitated diffusion mediated by
carrier.

Total serum cholesterol level is decreased by
administering three doses Catechins whereas total cholesterol aorta
is decreased in 30 and 120 mg/kg BW dosage. Total cholesterol
levels in the aorta are affected by the influx of cholesterol in
macrophages; this is accomplished by the enzyme acyl-CoA
cholesterol acyl transferase and cholesterol efflux process. The
process is described as follows: lipoprotein that binds to CE influx
to macrophages via receptor-mediated endocytosis, is further
transported to the lysosome where CE hydrolyzed. Cholesterol
flux was dissociated into the cytoplasm where partially cholesterol
is excreted immediately (Brown, 1980).

CONCLUSION

Cathechins significantly increased the expression of
ABCAI1, ABCGI, and SRBI1. Catechins treatment decreased
the aortic cholesterol content and increased the cholesterol
efflux. Moreover, LXR was upregulated by Catechins treatment.
These results provide that Catechins-upregulated expressions of
ABCAL, ABCGI, and SRBI1 through LXR signaling pathway in
rats induced aterogenic diet.
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