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 Excessive accumulation of cholesterol in macrophages 
results in a transformation of the macrophage into foam 
cells and eventually causes atherosclerosis ( 1, 2 ). The 
pathogenic process represents a chronic and complicated 
interaction involving multiple factors. Reverse cholesterol 
transport (RCT) is a process by which extrahepatic (pe-
ripheral) cholesterol is returned to the liver for excretion 
in the bile and ultimately the feces, thus reducing the risk 
of atherosclerosis ( 3, 4 ). Although there have been great 
efforts in discovering drugs against atherosclerosis ( 5 ), the 
output has been unsatisfactory. Removal of excess choles-
terol from macrophage foam cells is considered to be one 
of the therapeutic strategies ( 6 ). The crucial cellular trans-
porters and receptors that relate to cholesterol effl ux include, 
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 Chemicals 
 RUT was obtained from Shaanxi Sciphar Hi-tech Industry Co. 

Ltd. (Xi’an, China). The 9- cis -retinoic acid , BSA, T0901317, and 
G418 were obtained from Sigma. Simvastatin was from the Na-
tional Institute for Food and Drug Control (Beijing, China). Hu-
man ApoA-I, acetylated LDL (Ac-LDL), and oxidized LDL 
(Ox-LDL) were purchased from Peking Union-Biology Co. Ltd 
(Beijing, China). The 1,1 ′ -dioctadecyl-3,3,3 ′ ,3 ′ -tetramethy lindocar-
bocyanine perchlorate (DiI)-labeled HDL (DiI-HDL) was from 
Biomedical Technologies Inc. (MA). 

 ApoE  � / �   mice for atherosclerosis analysis 
 Animals used for experiments were 8-week-old female C57/

BL6 ApoE  � / �   mice weighing 18–20 g (Peking University Animal 
Center). The mice were randomly divided into six groups of 12 
mice each. The mice on the chow diet received carboxymethyl-
cellulose sodium (CMC-Na) as the untreated control group. 
Mice on the high-fat diet (HFD) (0.15% cholesterol and 20% fat) 
received CMC-Na as the model group, simvastatin (5 mg/kg), or 
RUT [10, 20, and 40 mg/kg, as RUT (L), RUT (M) and RUT 
(H), respectively]. RUT and simvastatin were given intragastri-
cally daily. Body weight and survival were monitored. 

 After 8 weeks of HFD feeding, mice were fasted for 6 h, and blood 
samples were taken from the retro-orbital plexus, before mice were 
euthanized for analysis. Total cholesterol (TC), HDL-C, LDL choles-
terol (LDL-C), and TG levels were measured using commercially 
available kits (Biosino Bio-technology and Science Inc., China) ( 23 ). 
The liver and intestine were harvested, snap-frozen in liquid nitro-
gen, and stored at  � 80°C for cholesterol, RT-PCR, and Western blot 
analysis. The aorta, heart, and liver were placed in 4% formalin for 
6 h at 37°C and then stored at 20% sucrose for atherosclerotic lesion 
analysis ( 24 ). For 24 h, feces were collected from cages of each 
group during the last day of the treatment ( 25 ). Mice were kept in 
their original cages to avoid stressful procedures. Feces were freeze-
dried, weighed, and ground before storage at  � 20°C. The TC con-
tent in liver, intestine, or feces was measured by using a tissue 
cholesterol assay kit (Applygen Technologies Inc., China) by a mi-
croplate reader (EnVision, PerkinElmer). The lysis buffer was added 
20  � l/mg liver and 10  � l/mg intestine or feces. Proteins were mea-
sured using BCA assay kit (Pierce). Cholesterol content was ex-
pressed as micromoles TC per gram protein ( 26 ). 

 Animal care and experimental procedures were performed in 
accordance with the regulations of the Institutional Animal Care 
and Use Committee of the Institute of Medicinal Biotechnology 
Institute. 

 Analysis of atherosclerosis in atherosclerotic mice 
 ApoE  � / �   mice were euthanized and perfused with 20 ml 0.01 M 

PBS through the left ventricle. Aortas were dissected from the 
proximal ascending aorta to the bifurcation of the iliac artery, and 
adventitial fat was removed ( 24 ). The aorta and heart were fi xed in 
4% formalin for 6 h at 37°C, and then stored in 20% sucrose. The 
heart with ascending aorta was then embedded in OCT, snap-fro-
zen in liquid nitrogen, and stored at  � 80°C prior to sectioning on 
a Leica cryostat. For analyzing aortic sinus plaque lesions, serial 7 
 � m cryosections were obtained working from the apex of the heart 
toward the origin of the aorta. For en face analysis, aortas were split 
longitudinally ( 27 ). Sections and fi xed aortas were stained with 
Oil Red O (ORO) for 30 min and rinsed ( 28 ). Images of the 
ORO staining sections and the open luminal surface of the ves-
sels were captured with a Leica Q550cw Graphic Analysis System 
and a digital camera (Sony), respectively. Total aortic areas and 
atherosclerotic lesion areas were measured and quantifi ed using 
an ImageJ Graphic Analysis System ( 29 ). 

at least, ABCA1 and scavenger receptor class B type I (SR-
BI) ( 3, 7, 8 ). 

 ABCA1 is one of the ABC superfamily members. It pro-
motes cholesterol and phospholipid effl ux from cells to 
lipid-poor ApoA-I and facilitates RCT. Loss-of-function 
mutations in the ABCA1 gene result in Tangier disease, 
showing plasma defi ciency of HDL and increase suscepti-
bility to atherosclerosis ( 8–11 ). Transgenic mice that ex-
pressed a high level of ABCA1 had increased cholesterol 
effl ux in macrophages and exhibited a low incidence of 
developing atherosclerosis ( 12, 13 ). Selective inactivation 
of macrophage ABCA1 in mice resulted in a substantial 
increase of atherosclerosis ( 12, 13 ). Therefore, upregula-
tion of ABCA1 gene expression becomes an attractive 
strategy against atherosclerosis ( 10, 14 ). 

 SR-BI is a specifi c receptor for HDL. Human homolog 
of the murine SR-BI gene, hSR-BI, is called CLA-1 (CD36 
and lysosomal integral membrane protein II analogous 1) 
( 15 ). SR-BI could facilitate hepatic uptake of HDL choles-
terol (HDL-C) of the RCT pathway, as well as HDL-medi-
ated cholesterol effl ux from the arterial wall ( 16, 17 ). 
CHO cells transfected with SR-BI had their cholesterol ef-
fl ux largely increased ( 18 ). Experiments using transgenic 
and gene knockout mice have demonstrated the antiath-
erogenic effect of SR-BI ( 19 ). Thus, increasing SR-BI ex-
pression and/or activity in the liver or the artery wall is 
thought to be desirable as an antiatherogenic therapeutic 
approach ( 17 ). 

 The goal of this study was to identify small-molecular up-
regulators of ABCA1 and SR-BI/CLA-1 expression from 
20,000 natural or synthetic compounds using the high-
throughput screening models that we have established ( 20, 
21 ). After several rounds of screening, we found for the fi rst 
time that the natural compound rutaecarpine (RUT) up-
regulated expression of the two target genes (ABCA1 and 
SR-BI/CLA-1) at the same time without cytotoxicity on the 
screening cells. In what is described subsequently, we show 
the upregulatory activity of RUT on ABCA1 and SR-BI/
CLA-1 and the antiatherosclerotic therapeutic potential of 
the compound in ApoE-defi cient (ApoE  � / �  ) mice. 

 METHODS 

 Cell cultures 
 Human hepatoma HepG2 cells, ABCA1p-LUC HepG2 ( 20 ), 

CLA1p-LUC HepG2 ( 21 ), and murine peritoneal macrophage 
cell line RAW264.7 ( 22 ) were maintained by our laboratory. 
HepG2 cells were grown in MEM medium (Hyclone) supple-
mented with 10% heat-inactivated FBS (medium A). RAW264.7 
cells were passaged in DMEM (Hyclone) containing 10% FBS 
(medium B). J774 cells were obtained from (Institute of Basic 
Medical Sciences, Chinese Academy of Medical Sciences and Pe-
king Union Medical College, China) and grown in RPMI 1640 
(Hyclone) supplemented with 10% FBS (medium C). A stable 
transformed ABCA1p-LUC HepG2 cell line was maintained in 
medium C supplemented with 10% FBS and 500  � g/ml G418 
(medium D). A stable transformed CLA1p-LUC HepG2 cell line 
was maintained in medium E (medium B supplemented with 600 
 � g/ml G418). 
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domain, LBD) and pBIND-LXR � -LBD] were constructed as pre-
viously described ( 35 ). ABCA1, CLA-1 transcriptional activity as-
say, and pBIND-LXR � /LXR � -LBD/GAL4 chimera reporter 
assay were performed as previously described using ABCA1p-
LUC HepG2 ( 20 ), CLA1p-LUC HepG2 ( 21 ), and HepG2 cells, 
respectively. And these cells were treated with RUT at the indi-
cated concentrations for 18 h at 37°C. The luciferase activity was 
measured using the Luciferase Assay System (Promega). 

 Cholesterol effl ux assay 
 RAW264.7 cells were plated into 24-well plates (Costar) and 

labeled with 0.5 ml of labeling medium, serum-free DMEM sup-
plemented with 0.2% (w/v) BSA (Sigma Chemical) (medium F) 
and containing 1 µCi/ml  3 H-cholesterol. After 24 h of labeling, 
cells were washed twice and equilibrated for 24 h with or without 
RUT in 0.5 ml medium F. At the end of the treatment period, 
cells were washed twice with PBS and incubated with 0.5 ml of 
medium F, with or without 10 µg/ml ApoA-I or 50 µg/ml HDL as 
the fi nal concentration at 37°C. After incubation for 4 h, the me-
dium was collected and clarifi ed by centrifugation in a microcen-
trifuge for 2 min. Cells were lysed using 500 µl of 0.1 M NaOH for 
30 min. The radioactivities of supernatant and cell lysates were 
determined by LSC. The percentage of  3 H-cholesterol effl ux was 
calculated as 100 × (medium cpm)/(medium cpm + cell cpm). 
The ratio of  3 H-cholesterol effl ux was calculated as the percent-
age cholesterol effl ux of each sample/control ( 36, 37 ). 

 Foam cell assay 
 RAW 264.7 cells were plated in 96-well or 6-well plates (Costar) 

at 5 × 10 5  cells/ml. After 6 h, the cells were refed with Ac-LDL or 
Ox-LDL (80 µg/ml) in DMEM for 24 h. Then cultures were re-
moved, and cells were washed with PBS. RUT (0.035, 0.35, 3.48, 
and 34.80  � M) was added for a further 24 h. At the end, the cells 
were stained with ORO or handled with cell lysis buffer for quanti-
tative assay. The ORO staining procedures were the same as previ-
ously described ( 17 ). The contents of TC and free cholesterol were 
measured using a cholesterol/cholesteryl ester quantitation colori-
metric kit (BioVision) and expressed as  � g per 10 6  cells every well. 

 Cellular uptake of DiI-HDL 
 Cellular uptake DiI-HDL assay was performed as described by 

Liu et al. ( 38 ). HepG2 cells were incubated with RUT (0.035, 
0.35, 3.48, and 34.80  � M) in MEM medium for 24 h. After incu-
bation, the cells were washed twice with PBS and incubated with 
DiI-HDL (5  � g/ml) at 37°C for additional 4 h. At the end of in-
cubation period, cells were washed and examined by Eclipse 
TE2000-U Inverted Microscope (Nikon,Tokyo, Japan). The DiI-
HDL uptake was determined by a microplate reader (EnVision) 
and expressed as fold of the control (DiI-HDL). 

 Quantitative real-time RT-PCR 
 Total RNA from cells or tissues was extracted using TRIzol (In-

vitrogen) and reverse transcribed (Fermentas). PCR amplifi ca-
tion was then performed using FastStart Universal SYBR Green 
Master (Roche) with specifi c primers (  Table 1  ).  The relative sig-
nal intensity was measured using an iQ5 Multicolor Real-Time 
PCR Detection System (Bio-Rad). All of values were normalized 
against that of  � -actin ( 39 ). 

 Western blots 
 Aliquots (50  � g) of cell lysates or liver proteins from different 

subgroups of ApoE  � / �   mice were separated on 10% SDS-PAGE 
as described previously ( 40, 41 ). The primary antibodies used for 
the Western blot were the following: ABCA1 (1:500, NB400-105, 
Novus Biologicals); SR-BI (1:1000, NB400-104, Novus Biologicals); 

 Histology and immunohistochemical staining 
 Hematoxylin and eosin (H&E) staining was performed from liv-

ers on paraffi n sections (5  � m) for morphometric analysis. All sec-
tions were examined under a Nikon E600 microscope. Mouse 
macrophage-specifi c antibody (Mac-3) immunochemistry staining 
and Filipin staining were performed on the cryosections (7  � m) 
from aortic sinus using Mac-3 monoclonal antibody (BD Pharmin-
gen TM ) and a Filipin staining kit (Genmed Sci), respectively. Mac-3 
staining slides were examined with a light microscope at 200× mag-
nifi cation ( 24 ). The Filipin staining images were viewed under a 
fl uorescence microscope (excitation 340 nm, emission 430 nm) at 
200× magnifi cation. Both positive and negative control slides were 
processed at the same time in each experiment. 

 Macrophage in vivo RCT studies in C57/BL6 and C57/
BL6 ApoE  � / �   mice 

 Macrophage in vivo RCT studies were performed as described 
by Zhang et al. ( 30–32 ). In brief, 12 6- to 8-week-old male C57/
BL6 mice were treated with RUT (20 mg/kg/day) or CMC-Na for 
14 days. Twelve 6- to 8-week-old male ApoE  � / �   mice on HFD 
were treated with RUT (20 mg/kg) or CMC-Na for 8 weeks. The 
treatment was continued during the 48 h RCT study. 

 J774 cells were grown in medium C and radiolabeled with 5 
µCi/ml  3 H-cholesterol (PerkinElmer, Waltham, MA) and choles-
terol enriched with 100 µg/ml of Ac-LDL for 48 h. These foam 
cells were washed twice, equilibrated in medium with 0.2% BSA 
for 6 h, spun down, and resuspended in 1640 medium. 

 On the day of injection, animals were caged individually with un-
limited access to food and water.  3 H-cholesterol-labeled J774 foam 
cells (about 3 × 10 6  cells containing 2 × 10 6  cpm in 0.5 ml 1640 me-
dium) were injected intraperitoneally. Animals continued to receive 
CMC-Na or RUT during the 48 h RCT study. At 48 h, mice were 
anesthetized and perfused with cold PBS. Livers were removed and 
stored at  � 20°C until lipid extraction. Blood was collected at 48 h, 
and plasma was used for liquid scintillation counting (LSC) and li-
poprotein analysis. Feces were collected continuously from 0 to 48 h 
and were stored at 4°C until extraction of cholesterol and bile acid. 

 Liver, fecal, and bile cholesterol analyses 
 Liver lipids, fecal cholesterol, and bile acid were extracted as 

described by Zhang et al. ( 30–34 ). Briefl y, a 100 mg piece of liver 
tissue was homogenized in water and extracted three times with 
9 ml chloroform-methanol (2:1, v/v). The extracts were pooled, 
evaporated, resuspended in toluene, and then counted in a liq-
uid scintillation counter. The total feces collected from 0 to 48 h 
were weighed and soaked in Millipore water (1 ml water/100 mg 
feces) overnight at 4°C. The next day, an equal volume of ethanol 
was added, and the samples were homogenized. A 200 µl aliquot 
of each homogenized fecal sample was counted in a liquid scintil-
lation counter to establish the  3 H-total sterols. To extract the  3 H-
cholesterol and  3 H-bile acid fractions, 2 ml of the homogenized 
samples was combined with 2 ml ethanol and 400 µl 1 M NaOH. 
The samples were saponifi ed at 95°C for 2 h and cooled to room 
temperature, and then  3 H-cholesterol was extracted three times 
with 9 ml hexane. The extracts were pooled, evaporated, resus-
pended in toluene, and then counted in a liquid scintillation 
counter. To extract  3 H-bile acids, the remaining aqueous portion 
of the feces was acidifi ed with concentrated HCl and then ex-
tracted three times with 9 ml hexane. The extracts were pooled 
together, evaporated, resuspended in toluene, and counted in a 
liquid scintillation counter. 

 Luciferase reporter assay and transient transfection 
 GAL-4 is a yeast transcription activator. The GAL4   chimeric 

receptor expression vectors [pBIND-LXR � -LBD (ligand binding 
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and incubated at room temperature for 4 h. The data were calcu-
lated as the ratio of the emission intensity of the acceptor (fl uo-
rescein: 520 nm) divided by the emission intensity of the donor 
(Tb: 490 nm). Experiments were repeated twice. 

 Statistics 
 The results are expressed as means ± SEM of at least three in-

dependent experiments. Statistical analysis was performed using 
the Student’s  t -test. A two-sided  P  value of <0.05 was considered 
to indicate statistical signifi cance. 

 RESULTS 

 RUT upregulated ABCA1 and CLA-1/SR-BI expression 
in vitro 

 A total of 20,000 compounds, at a fi nal concentration of 
10  � g/ml, were screened for ABCA1 and CLA-1 upregula-
tor candidates. The compounds were from the compound 
library of the Institute of Medicinal Biotechnology, Chi-
nese Academy of Medical Sciences. Hit compounds that 
were selected should upregulate expression of, at least, 
both ABCA1 and CLA-1. 

 Among the 20,000 compounds, RUT (  Fig. 1A  ) tested 
positive in stimulating promoters of both ABCA1 and 
CLA-1 genes and therefore upregulating their expression. 
RUT induced ABCA1 transcription in the ABCA1p-LUC 
HepG2 cells, with an EC 50  of 0.27  � M and a maximal value 
of 240% ( Fig. 1B ); it also stimulated CLA-1 transcription 
in the CLA1p-LUC HepG2 cells, with an EC 50  of 0.15  � M 
and a maximal value of 170% ( Fig. 1C ). This activity was 
dose dependent in both ABCA1 and CLA-1. 

 To confi rm the upregulatory activity of RUT in the lucif-
erase reporter assay, RUT’s effect on ABCA1 and CLA-1/
SR-BI mRNA and protein expression was examined in 
HepG2 and RAW264.7 cells, respectively. RT-PCR assay in 
HepG2 and RAW264.7 cells showed that the mRNA levels of 
ABCA1 and CLA-1/SR-BI were signifi cantly upregulated by 
RUT (0.35  � M) ( Fig. 1D, F ). Western blot analysis in HepG2 
cells showed that ABCA1 and CLA-1 protein levels increased 
when incubated with 0.035, 0.35, 3.48, or 34.80  � M of RUT, 

CD36 (H300, 1:500, Santa Cruz); ABCG1 (1945-1, 1:500, EPIT 
MICS); liver X receptor alpha (LXR � ; ab41902, 1:500, Abcam); 
liver X receptor beta (LXR � ; sc-1001, 1:400, Santa Cruz); SREBP-
1c (ab135133, 1:500, Abcam); FAS (F9554, 1:1000, Sigma); 
GAPDH (sc-25778, 1:1000, Santa Cruz;); and  � -actin (A5441, 
1:5000, Sigma). 

 siRNA against LXR �  and LXR �  
 siRNA against human LXR �  (siG11610160927, forward se-

quence 5 ′ -GGAUGCUAAUGAAACUGGU dTdT-3 ′ , reverse se-
quence 3 ′ -dTdT CCUACGAUUACUUUGACCA-5 ′ , Guangzhou 
RiboBio Co. Ltd., China), LXR �  (sc-45316, Santa Cruz), and 
scrambled siRNA for the negative control (sc-37007, Santa Cruz) 
were used. Briefl y, HepG2 cells were plated in 6-well plates (Co-
star). After 6 h, the cells were transfected with or without scram-
bled siRNA (50 nM), LXR �  siRNA (50 nM), or LXR �  siRNA (50 
nM) using RNAi MAX transfection reagent (Roche) for 48 h. 
Then the cultures were removed, and cells were incubated with 
or without RUT (0.35 and 3.48  � M) for a further 24 h. Com-
pared with the control siRNA, the LXR �  siRNA (50 nM) and 
LXR �  siRNA (50 nM) suppressed the expression of LXR �  and 
LXR �  mRNA by 90% and 75%, respectively, according to the 
real-time quantitative PCR assays (data not shown). ABCA1 and 
SR-BI protein levels were determined by Western blotting assays. 

 TR-FRET   LXR � / �  coregulator peptide interaction assay 
 Time-resolved fl uorescence resonance energy transfer (TR-

FRET) LXR � / �  coregulator peptide interaction assays were per-
formed using the LanthaScreen TM  TR-FRET   Liver X Receptor  �  
(PV4655) or  �  (PV4658) Coactivator Assay Kit (Invitrogen, Carls-
bad, CA) according to the manufacturer’s instructions. Human 
coregulator peptides were synthesized and conjugated to fl uo-
rescein by Invitrogen: Fluorescein-thyroid hormone receptor 
associated protein (TRAP)220/vitamin D receptor interacting 
protein (DRIP)-250 (PV4604), Fluorescein-TRAP220/DRIP-2 
(PV4549), Fluorescein-D22 (PV4386), Fluorescein-SRC1-2 (PV4578), 
Fluorescein-steroid receptor coactivator (SRC)1-4 (PV4582), 
Fluorescein-SRC2-2 (PV4586), Fluorescein-SRC3-3 (PV4594), 
Fluorescein-PPAR-� coactivator (PGC)1 �  (PV4421), Fluorescein-
CREB-binding protein (CBP)-1 (PV4596), Fluorescein-nuclear 
receptor co-repressor (NCoR) interaction domain (ID)2 (NCoR 2, 
PV4624), and Fluorescein-silencing mediator of retinoic and 
thyroid hormone receptors (SMRT) ID2 (PV4423  ). T0901317 or 
RUT was diluted and fi rst added to 384-well black plates (Costar) 
according to the kits’ instructions. LXR � / �  LBD was then added, 
and a mixture of coregulator and LanthaScreen TM  Tb-anti-GST 
antibody was added last. The plates were covered, shaken briefl y, 

 TABLE 1. Sequences of primers for real-time quantitative PCR    

Genes Forward Primer (5 ′  to 3 ′ ) Reverse Primer (5 ′  to 3 ′ )

h-ABCA1 GCCTGCTAGTGGTCATCCTG CCACGCTGGGATCACTGTA
h-CLA-1 TTCTGCCCGTGCCTGGAGTC GCTGTCTGCTGGGAGAGTC
h-CD36 CCTCCTTGGCCTGATAGAAA GTTTGTGCTTGAGCCAGGTT
h-SREBP-1c CGGAGCCATGGATTGCACTTTC GATGCTCAGTGGCACTGACTCTTC
h-FAS AAGGACCTGTCTAGGTTTGATGC TGGCTTCATAGGTGACTTCCA
h- � -actin CCAACCGCGAGAAGATGA CCAGAGGCGTACAGGGATAG
m-ABCA1 GGGTCTGAACTGCCCTACCT TACTCCCCTGATGCCACTTC
m-SR-BI GCCCATCATCTGCCAACT TCCTGGGAGCCCTTTTTACT
m-CD36 TTGTACCTATACTGTGGCTAAATGAGA CTTGTGTTTTGAACATTTCTGCTT
m-ABCG1 AGGTCTCAGCCTTCTAAAGTTCCTC TCTCTCGAAGTGAATGAAATTTATCG
m-SREBP-1c CCGAGCATTCCAACTGGTG CCATGTTCGGGAAGTAGGCT
m-FAS GGAGGTGGTGATAGCCGGTAT TGGGTAATCCATAGAGCCCAG
m- � -actin  CTAAGGCCAACCGTGAAAG ACCAGAGGCATACAGGGACA

h, human; m, mouse; SREBP-1c, sterol-regulatory element binding protein 1c.
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of RUT on SREBP-1c, FAS, ABCG1, and CD36 was then ex-
amined. Data showed that the protein expression of SREBP-
1c in HepG2 ( Fig. 1E ), and CD36 ( Fig. 1G ) in RAW264.7, 
was not upregulated by RUT. The ABCG1 protein level in 
RAW264.7 was slightly upregulated by RUT at 34.80  � M 
( Fig. 1G ). The FAS protein level was modestly upregulated 
by RUT at 0.035 and 0.35  � M ( Fig. 1 E ). Our data suggest 
a preference of RUT for the key components ABCA1 and 
SR-BI within the RCT network. 

 RUT regulated ABCA1 and CLA-1/SR-BI expression by 
LXR �  and LXR �  

 The pBIND-LXR � /LXR � -LBD/GAL4 chimera reporter 
assay showed that RUT could activate LXR � /LXR � -LBD, 
with an EC 50  of 0.0030 and 0.0014  � M (  Fig. 2A ,  B  ), 
respectively.   

with a maximum increase of 3.91- and 2.02-fold for these 
two proteins, respectively ( Fig. 1E ). Western blot analysis in 
RAW264.7 showed that ABCA1 and CLA-1 protein levels 
increased when incubated with RUT, with a maximum 
increase of 2.06- and 1.78-fold for these two proteins, re-
spectively ( Fig. 1G ). In addition, ABCA1 and SR-BI protein 
expression levels treated with RUT were also signifi cantly 
upregulated in primary murine macrophages from female 
Institute of Cancer Research (ICR) mice (data not shown), 
in accordance with the result in RAW264.7 cells. 

 Recent studies indicated that ABCG1 could promote cho-
lesterol effl ux. SREBP-1c is a transcription factor known to 
regulate the expression of the lipogenic gene. FAS plays an 
important role in diet-induced atherosclerosis. CD36, a 
member of the SR-B family, plays a signifi cant role in macro-
phage binding and uptake of Ox-LDL. Therefore, the effect 

  Fig.   1.  The multiple target nature of RUT in vitro. Chemical structure of RUT (A); dose-dependent curves for RUT (in log scale) in 
ABCA1p-LUC HepG2 cells (B) and CLA-1p-LUC HepG2 cells (C). Quantitative data are the mean ± SEM from at least three separate ex-
periments; mRNA levels in HepG2 cells (D) and RAW264.7 cells (F) of indicated genes were determined by real-time PCR, respectively. 
Data are expressed as means ± SEM of three independent experiments and are relative to that of control. *  P  < 0.05 versus control. Protein 
levels in HepG2 cells (E) and RAW264.7 cells (G) of indicated genes were determined by Western blotting, respectively. A representative 
immunoblot in HepG2 cells (E) and RAW264.7 cells (G) is shown, respectively, and the abundances were normalized to that of  � -actin. 
Data are expressed as means ± SEM of three independent experiments and are relative to that of control. *  P  < 0.05 versus control.   
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regulatory proteins, we compared the ability of RUT 
and T0901317 to modulate the interaction of corepres-
sors and coactivators with LXR �  or LXR �  LBD using a 
TR-FRET assay. As shown in  Fig. 2E, F , distinct patterns 
of coregulator recruitment to LXR � /LXR �  were ob-
served in response to RUT and T0901317. Coactivator 
peptides including SRC1-2, SRC1-4, and SRC2-2 recruit-
ment by RUT were similar to the degree of T0901317. 
Slightly better recruitment by RUT was seen for CBP-1 
than T0901317. Corepressor peptide SMRT ID2 was par-
tially displaced from both LXR �  and LXR �  LBDs by 
RUT compared with T0901317. Coactivator peptides ex-
hibited partial recruitment to both LXR �  and LXR �  
LBDs by RUT compared with T0901317, including 
TRAP220/DRIP-2, D22, TRAP220/DRIP-250, PGC1 � , 

 To examine whether the regulatory function of RUT on 
ABCA1 and SR-BI/CLA-1 was related with LXR �  or LXR �  
activity, siRNA knock-down experiments on LXR �  or 
LXR �  in HepG2 cells were performed, respectively. 
HepG2 cells were treated as described in Methods. West-
ern blotting analysis showed that the upregulating effects 
of RUT on ABCA1 and SR-BI markedly decreased when 
LXR �  ( Fig. 2C ) or LXR �  was silenced ( Fig. 2D ), which 
indicated that RUT regulated ABCA1 and SR-BI expres-
sion through the LXR �  and LXR �  pathway. 

 Ligand-dependent nuclear receptor (NR) activation 
regulates target gene expression through interactions 
with a variety of transcriptional coactivator and core-
pressor proteins. To monitor the unique receptor confor-
mation induced upon RUT binding and transcriptional 

  Fig.   2.  Regulation of RUT on ABCA1 and SR-BI expression by LXR �  and LXR � . A, B: GAL4 chimeric receptor assay. pBIND-LXR � -LBD 
(A) or pBIND-LXR � -LBD (B) was cotransfected with GAL4 reporter vector into HepG2 cells. Experiments were carried out in triplicate 
wells and repeated at least thrice. Results are expressed in terms of fold induction over control (0.1% DMSO). C, D: HepG2 cells were in-
cubated with or without RUT (0.035, 0.35, 3.48, and 34.80  � M), scrambled siRNA (50 nM), LXR �  siRNA (50 nM) (C), or LXR �  siRNA 
(50 nM) (D) for 18 h, and then the levels of ABCA1 and SR-BI proteins were determined by Western blotting assays. A representative immu-
noblot of three separate experiments is shown, and the abundances of indicated proteins were normalized to that of GAPDH when treated 
LXR �  siRNA (C) and LXR �  siRNA (D). Data are means ± SEM (*  P  < 0.05). E, F: TR-FRET assay was used to examine corepressor peptide 
displacement from or coactivator recruitment to human LXR �  (E) or LXR �  (F) LBD in response to T0901317 or RUT. The data were 
calculated as the ratio of 520 nm/495 nm. Figures are representative of at least two independent experiments.   
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12.69, and 85.56 ± 14.53% in RUT (L), RUT (M), or RUT 
(H) groups, respectively ( P  < 0.01) ( Fig. 4B ). Quantitative 
analysis of atherosclerosis was also performed by measuring 
the extent of the ORO staining for the cryosections taken 
from the aortic sinuses. ORO-stained sections were from 
the complete aortic valve cusp attached to the aorta. The 
plaque area in the aortic sinus was signifi cantly reduced in 
ApoE  � / �   mice treated with RUT as compared with ApoE  � / �   
mice in the untreated model group ( Fig. 4C ). While the 
mean area of the untreated model group was 114.60 ± 
15.84 × 10 4  ( � m 2  ± SD), the mean area of the RUT-treated 
groups was 87.07 ± 8.89 × 10 4 , 65.85 ± 3.81 × 10 4 , and 47.40 ± 
15.14 × 10 4  ( � m 2  ± SD) for the RUT (L), RUT (M), and 
RUT (H) groups, respectively ( P  < 0.01;  Fig. 4D ). The con-
trol group had a mean area value of 24.99 ± 10.72 × 10 4  
( � m 2  ± SD) in this experiment ( Fig. 4D ). 

 The ORO-positive lipid area in liver tissue of the 
ApoE  � / �   mice treated with RUT signifi cantly reduced as 
compared with the model group ( Fig. 4E ). Mac-3 was a 
macrophage-specifi c antibody to identify foam cells de-
rived from macrophages. Mac-3-positive macrophages 
were detected in abundance in lesions of the aortic walls 
in ApoE  � / �   mice on an HFD ( Fig. 4E ). In contrast, 
ApoE  � / �   mice treated with RUT showed signifi cantly less 
Mac-3 staining as compared with the untreated model 
group ( Fig. 4E ). Filipin staining is selective for cholesterol 
and thus was used in this study as well. The results indi-
cated that the lipid components in the lesions of the 
model group were mainly composed of cholesterol ( Fig. 
4E ). There were a few Mac-3 and fi lipin staining areas ob-
served in the aortic sinuses of the ApoE  � / �   mice on a chow 
diet ( Fig. 4E ). In addition, there were no signifi cant differ-
ences in H&E staining ( Fig. 4E ) and plasma levels of aspar-
tate aminotransferase (AST) and alanine transaminase 
(ALT) (supplementary Table II) in ApoE  � / �   mice treated 
with or without RUT, which indicated that ApoE  � / �   mice 
treated with RUT did not show signifi cant toxicity in 
hepatocytes. 

 RUT lowers plasma TC and TG 
 To investigate the effect of RUT on lipid homeostasis in 

detail, plasma lipid levels of ApoE  � / �   mice treated with or 
without RUT were determined (  Table 2  ).  The ApoE  � / �   
mice fed on HFD for 8 weeks showed elevated plasma level 
of TC, HDL-C, LDL-C, and TG, in comparison with the 
ApoE  � / �   mice fed a normal chow diet (764 ± 48 vs. 351 ± 
29; 93 ± 16 vs. 36 ± 10; 454 ± 37 vs. 172 ± 48; 110 ± 15 vs. 69 ± 
14 mg/dl,  P  < 0.01). After 8-week RUT therapy, plasma TC 
in the ApoE  � / �   mice was 652 ± 50, 601 ± 19, and 525 ± 37 
( P  < 0.01) mg/dl for the RUT (L), RUT (M), and RUT 
(H) groups, respectively, signifi cantly lower than that of 
the untreated model group (688 ± 30 mg/dl); LDL-C level 
in RUT (L), RUT (M), and RUT (H) groups also de-
creased signifi cantly as compared with the untreated 
model group [390 ± 46, 382 ± 46, or 378 ± 28 vs. 454 ± 37 
mg/dl ( P  < 0.01), respectively]; TG level in RUT (L), RUT 
(M), and RUT (H) groups decreased signifi cantly as com-
pared with the untreated model group [79 ± 14, 81.15 ± 
10.44 or 75 ± 11 vs. 110 ± 15 mg/dl ( P <0.01), respectively]; 

and SRC3-3 (supplementary Fig. II). Corepressor pep-
tide NCoR ID2 was partially displaced from LXR �  LBD 
but not LXR �  LBD by RUT compared with T0901317 
(supplementary Fig. II). These results suggest that 
RUT can induce a distinct receptor conformation upon 
binding LXR �  and LXR �  LBDs that could result in a 
unique pattern of coactivator and corepressor protein 
recruitment. 

 RUT promoted cholesterol effl ux and inhibited lipid 
accumulation in vitro 

 Based on the fact that RUT regulates the expression of 
ABCA1 and SR-BI/CLA-1, we surmised that RUT might 
play roles in modulating cholesterol effl ux from macro-
phage cells and increasing HDL uptake in HepG2 cells. 
RUT at a fi nal concentration of 0.035, 0.35, 3.48, or 34.80 
 � M was used in these assays, and DMSO (0.1%) was used 
as a negative control. 

 As shown in   Fig. 3A ,  B  ,  treatment of RAW264.7 cells 
with RUT resulted in a signifi cant increase of choles-
terol effl ux to extracellular ApoA-I ( Fig. 3A ) or HDL 
( Fig. 3B ) with a maximal activity of 2- and 2.5-fold, re-
spectively. Treating RAW 264.7 with Ac-LDL ( Fig. 3C ) 
or Ox-LDL (80 µg/ml) ( Fig. 3D ) induced foam cell for-
mation, which was characterized with increased lipid 
storage in cytoplasm. Here, we showed that RUT signifi -
cantly ameliorated intracellular lipid accumulation as 
determined by ORO staining ( Fig. 3C, D ) and by the 
measurement of cellular cholesterol content ( Fig. 3E, F ). 
It should be noted that Ox-LDL (80  � g/ml) led to some 
cell damage and increased about 13.71 ± 0.50% in early 
apoptosis compared with control (about 2.88 ± 0.18%) 
(data not shown). We next examined the effect of RUT 
on HDL uptake in HepG2 cells. We found that RUT sig-
nifi cantly increased DiI-HDL uptake in HepG2 cells 
( Fig. 3G, H ) through SR-BI/CLA-1. In addition, RUT 
inhibited Ac-LDL-induced foam cell formation in pri-
mary murine macrophages from female ICR mice (data 
not shown), which is in accordance with the result in 
RAW264.7 cells. 

 Taken together, these data suggest that RUT protects 
against the formation of macrophage foam cells by in-
creasing ABCA1- and SR-BI/CLA-1-mediated cholesterol 
effl ux. 

 RUT reduced atherosclerotic lesions in ApoE  � / �   mice 
 The above-mentioned in vitro discovery was then trans-

lated into an in vivo test. Eight-week-old female ApoE  � / �   
mice were fed with a chow diet or HFD for 2 months, with 
or without RUT treatment. ApoE  � / �   mice displayed a slow 
progression of atherosclerosis when fed a normal chow 
diet; however, ORO-positive en face atherosclerotic le-
sions were found in the aortic arches and thoracic aortas 
in ApoE  � / �   mice on HFD, especially in the brachioce-
phalic trunk arteries (  Fig. 4A-b  ).  In contrast, ApoE  � / �   
mice treated with RUT showed fewer en face lesions along 
the aorta as compared with the untreated model group 
( Fig. 4A-c–e ). With respect to the untreated model groups, 
the reduction of en face lesions was 68.43 ± 10.52, 70.23 ± 
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These results are in agreement with those obtained in vi-
tro ( Fig. 1F, G ). 

 In all, the results showed that the antiatherosclerotic ef-
fect of RUT should be through promoting RCT by upregu-
lating ABCA1 and SR-BI/CLA-1 expression in ApoE  � / �   
mice. 

 RUT promoted macrophage-to-feces RCT in vivo 
 RCT is a pathway network through which the accumu-

lated cholesterol could be transported from vessel wall to 
liver for excretion. To investigate whether RUT promotes 
RCT, radio-labeled macrophages were injected in C57/
BL6 or ApoE  � / �   mice treated with CMC-Na or 20 mg/kg 
RUT. As shown in   Fig. 6  ,   3 H-tracer recovery in plasma 
and liver was higher in C57/BL6 ( Fig. 6A, B ) and 
ApoE  � / �   mice ( Fig. 6D, E ) treated with the RUT at 48 h 
after injection than the CMC-Na group, but the differ-
ence was not statistically signifi cant. The  3 H-tracer recov-
ery was also measured in feces after chemical extraction 
( Fig. 6C, F ). However, there were signifi cant 185% ( P  = 
0.06), 148% ( P  = 0.06), and 174% ( P  = 0.08) increases in 
the  3 H-total sterol, cholesterol, and bile acid fecal excre-
tion for C57/BL6 mice treated with RUT ( Fig. 6C ). 
There were also signifi cant 245% ( P  < 0.05), 162% ( P  < 
0.05), and 412% ( P  < 0.05) increases in the  3 H-total ste-
rol, cholesterol, and bile acid fecal excretion for ApoE  � / �   
mice treated with RUT ( Fig. 6F ). Overall, these data dem-
onstrated that administration of RUT to mice preinjected 
with  3 H-cholesterol-labeled macrophages markedly in-
creased fecal  3 H-tracer excretion, thus providing direct 
evidence that RUT promoted macrophage-to-feces RCT 
in vivo. 

 DISCUSSION 

 RCT is a pathway through which the accumulated cho-
lesterol could be transported from vessel wall to liver for 
excretion in the bile and ultimately the feces. ABCA1 and 
SR-BI/CLA-1 are key receptors in RCT. The present study 
was designed to fi nd novel antiatherosclerotic agents by 
upregulating expression of ABCA1 and SR-BI/CLA-1 from 
natural or synthetic compounds. 

 RUT was discovered to be a positive candidate. RUT is 
a quinazolinocarboline alkaloid identifi ed from  Evodia 

and plasma HDL-C increased slightly in RUT treated 
groups as compared with the untreated model group. Sig-
nifi cant differences in food intake and water consumed 
were not observed between ApoE  � / �   mice treated with or 
without RUT. 

 RUT increased fecal cholesterol in ApoE  � / �   mice 
 After 8-week RUT therapy, cholesterol in liver, small 

intestine, and feces of ApoE  � / �   mice treated with or with-
out RUT was measured as described in Methods. Specifi -
cally, liver cholesterol in the RUT (M) and RUT (H) 
groups decreased signifi cantly as compared with the un-
treated model group [52.61 ± 1.92 or 29.95 ± 5.51 vs. 
80.08 ± 4.31  � mol/g protein ( P  < 0.05), respectively] 
(  Fig. 5A  );  intestine cholesterol in the RUT (M) and RUT 
(H) groups was 24.0 ± 1.08 and 23.05 ± 3.00  � mol/g pro-
tein, respectively, signifi cantly lower than that of the 
model group (35.23 ± 1.53  � mol/g protein) ( P  < 0.05) 
( Fig. 5B ). 

 Because plasma, liver, and intestine cholesterol levels 
decreased to a signifi cant extent, we investigated whether 
this translated to increased fecal excretion. Feces were col-
lected in the last 24 h, just before mice were euthanized. 
Indeed, we found that cholesterol excretion was strongly 
increased in RUT-treated mice. Cholesterol in the feces of 
the RUT (L), RUT (M), and RUT (H) groups was 168.46 
± 7.67, 177.87 ± 1.74, and 220.64 ± 4.00  � mol/g protein, 
respectively, signifi cantly higher than that of the untreated 
model group (108.61 ± 14.77  � mol/g protein) ( P  < 0.05). 
In all, our data demonstrated that RUT might enhance 
RCT ( Fig. 5C ). 

 RUT induced ABCA1 and SR-BI expression in liver of 
ApoE  � / �   mice 

 Considering our previous observation, the expression 
levels of the various genes involved in the RCT process in 
liver from control and RUT-treated mice were measured. 
The expression of ABCA1 and SR-BI, which are the key 
receptors of RCT, was signifi cantly increased by RUT treat-
ment at both mRNA and protein levels ( Fig. 5D, E ). As 
shown in  Fig. 5D, E , RUT slightly increased ABCG1 ex-
pression but did not alter CD36 and SREBP-1c expression. 
In addition, Western blot analysis showed that RUT in-
creased FAS expression in RUT (M) and RUT (H) ( Fig. 5E ). 

  Fig.   3.  Effects of RUT on cholesterol effl ux and HDL uptake in vitro. A, B: RUT stimulated cholesterol effl ux from RAW264.7 (A) to 
ApoA-I or HDL (B). Data are the means ± SD of three independent experiments and expressed as a relative value to control (*  P  < 0.05 vs. 
control). C–F: RAW264.7 macrophages were coincubated with RUT (0.035, 0.35, 3.48, and 34.80  � M) and Ac-LDL or Ox-LDL (80  � g/ml) 
for 24 h. After incubation, cells were fi xed and stained with ORO (C, D), or intracellular cholesterol was extracted and determined by the 
Cholesterol Assay Kit (E, F). The study samples were negative control (a), Ac-LDL/Ox-LDL (control) (b), both Ac-LDL/Ox-LDL and 0.035 
µM RUT (c), both Ac-LDL/Ox-LDL and 0.35 µM RUT (d), both Ac-LDL/Ox-LDL and 3.48 µM RUT (e), and both Ac-LDL/Ox-LDL and 
34.80 µM RUT (f). The magnifi cation of each panel is ×100. *  P  < 0.05 versus Ac-LDL/Ox-LDL-treated alone group. Cholesterol content 
was measured as  � g per 10 6  cells every 6 wells. The results were from three independent experiments. Data are means ± SEM [*  P  < 0.05 vs. 
control group (Ac-LDL/Ox-LDL only)]. G, H: RUT suppresses the uptake of DiI-HDL by HepG2 cells. HepG2 cells were incubated with 
RUT (0.035, 0.35, 3.48, and 34.80  � M) or vehicle (0.1% DMSO) for 24 h as described in Methods. The study samples were as follows: DiI-
HDL (control) (a), negative control (b), both DiI-HDL and 0.035 µM RUT (c), both DiI-HDL and 0.35 µM RUT (d), both DiI-HDL and 
3.48 µM RUT (e), and both DiI-HDL and 34.80 µM RUT (f). DiI-HDL uptake was assessed by confocal microscopy (G) and determined by 
a microplate reader (H) expressed as fold of the control. The results were from three independent experiments. Data are means ± SEM 
[*  P  < 0.05 vs. control group (DiI-HDL only)].   
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but also in aortic sinuses after 8-week RUT treatment ( Fig. 4 ). 
We also observed a reduced macrophage activity and 
decreased cholesterol content in the aortic sinus plaques 
of ApoE  � / �   mice treated with RUT ( Fig. 4 ). Besides thera-
peutic effi cacy, the animal studies ensured safety of RUT 
in vivo. The LD 50    of RUT intragastrically in ICR mice was 
>2,000 mg/kg,  � 50 times higher than the treatment doses 
(supplementary Table I). H&E staining of livers, kidneys, 
and hearts showed that cell survival was not interrupted by 
RUT (supplementary Fig. I). 

 RUT decreased liver and intestine cholesterol and 
increased fecal cholesterol output in ApoE  � / �   mice ( Fig. 
5A–C ), which indicated that RUT might promote RCT in 

rutaecapa . The plant is an herb in China used for gastro-
intestinal disorders, cardiovascular diseases, headache, 
amenorrhea, abdominal pain, dysentery, and postpartum 
hemorrhage in traditional Chinese medicine ( 42, 43 ). In 
this manuscript, we identifi ed for the fi rst time that RUT 
had antiatherogenic effects in vitro and in vivo through 
upregulating ABCA1 and SR-BI/CLA-1 expression within 
RCT. 

 RUT not only promoted cholesterol effl ux in vitro 
( Fig. 3 ), but also suppressed blood cholesterol ( Table 2 ) 
in the ApoE  � / �   mice treated with RUT. Accompanied with 
the cholesterol-lowering effect ( Table 2 ), reduced athero-
sclerotic lesions were evidenced not only in en face arteries, 

  Fig.   4.  RUT reduced atherosclerotic lesions in ApoE  � / �   mice. ApoE  � / �   mice were treated as described in 
Methods. Representative images of en face (A) and aortic sinus section (C) staining for the lesions of each 
group of mice were shown. Quantitative analysis of en face (B) and aortic sinus section (100×) (D) staining 
lesions for 2-month-old ApoE  � / �   mice was shown to demonstrate the inhibitory effect of RUT on atheroscle-
rosis. Values are expressed as means ± SEM, n = 10–12. *  P  < 0.05; **  P  < 0.01. E: Histology and immunohis-
tochemical examination of liver with H&E (200×) or ORO (200×) staining, and aortic sinus by fi lipin (200×) 
or Mac-3 (200×).   
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atherosclerotic development by engaging in RCT from the 
arterial wall to the liver and blocking Ox-LDL accumu-
lated in the artery ( 44 ). Lowering TC and LDL-C might 
contribute, at least in part, to the benefi cial effect of RUT 
in plaque regression. Additionally, RUT also increased 
ABCG1 expression, which also facilitated RCT. Interest-
ingly, RUT does not alter CD36 expression level; there-
fore, it should not increase cholesterol uptake in foam 
cells. Thus, we speculate that the increased cholesterol ef-
fl ux and inhibited lipid accumulation in vitro and in vivo 
by RUT refl ected a synergy of multiple-target effects in the 
RCT system. 

 RUT was demonstrated to exhibit an antiatherogenic ef-
fect by upregulating ABCA1 and SR-BI/CLA-1 expression. 

vivo.  Fig. 6  showed that RUT caused a small elevation in 
the amount of labeled cholesterol in transitory RCT cho-
lesterol pools, plasma, and liver but had greater effects on 
accumulation of labeled cholesterol in the cumulative end 
pool, feces. Therefore, our data suggested that RUT was 
effective in delivering cholesterol to the liver pool des-
tined for excretion and conversion to bile acids. 

 ABCA1 and SR-BI/CLA-1 are the most important trans-
porter and receptor within RCT. RUT could upregulate 
expression of ABCA1 and SR-BI/CLA-1. Increasing ABCA1 
expression could facilitate cholesterol effl ux in macro-
phages. Increasing SR-BI/CLA-1 expression could facili-
tate HDL-mediated cholesterol effl ux from the arterial 
wall and hepatic uptake of HDL-C. HDL may prevent 

 TABLE 2. Plasma lipids in a ApoE  � / �   mice fed a normal chow diet or HFD (mg/dl)       

Group n TC (mg/dl) HDL (mg/dl) LDL (mg/dl) TG (mg/dl)

Control 12 351 ± 29 36 ± 10 172 ± 48 69 ± 14
Model 12 764 ± 48  a  93 ± 16  a  454 ± 37  a  110 ± 15  a  
RUT (L) 12 652 ± 50  b  95 ± 19 390 ± 46  c  79 ± 14  b  
RUT (M) 12 601 ± 19  b  92 ± 26 382 ± 46  c  81 ± 10  b  
RUT (H) 12 525 ± 37  b  97 ± 24 378 ± 28  c  75 ± 11  b  
Simvastatin 12 566 ± 53  b  97 ± 16 372 ± 28  b  77 ± 12  b  

ApoE  � / �   mice were fed on a normal chow or HFD for 8 weeks. Values are expressed as means ± SD. The 
number of animals in each group is indicated by n. 

  a P  < 0.01, mice on a HFD (model group) compared with that with a chow diet (control group).
  b P  < 0.01, RUT treatment versus no treatment (model group).
  c P  < 0.05, RUT treatment versus no treatment (model group).

  Fig.   5.  Effects of RUT on cholesterol distribution in tissue and related gene expression in liver of ApoE  � / �   mice. Effects of RUT on cho-
lesterol distribution in liver (A), intestine (B), and feces (C) in ApoE  � / �   mice. ApoE  � / �   mice were treated as described in Methods. RUT 
treatment lowers liver (A) and intestine cholesterol (B) and increases fecal cholesterol (C) in ApoE  � / �   mice on HFD. The content of 
cholesterol was determined as described in Methods. Data are expressed as means ± SEM; n = 12. Effects of RUT on gene expression were 
measured by RT-PCR (D) and Western blotting (E) analysis in liver in ApoE  � / �   mice. For RT-PCR, data are expressed as means ± SEM (*  P  < 
0.05 vs. model group). n = 12 mice per group. For Western blot, representative immunoblot results are shown (E), and the abundances 
were normalized to that of  � -actin (means ± SEM, *  P  < 0.05 vs. model group).   
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through upregulating ABCA1 and SR-BI within RCT. Our 
study suggests that RUT might be promising in the treat-
ment of atherosclerosis, and ABCA1 and SR-BI/CLA-1 
could be used as effective therapeutic targets for drug dis-
covery against atherosclerosis.  

 We thank Wei Huang, Juan Wang, and Qiang Shen from the 
Institute of Cardiovascular Sciences and Key Laboratory of 
Molecular Cardiovascular Sciences of Peking University for their 
expert technical assistance during the course of animal studies. 
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