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Abstract. The liver X receptor α (LXRα)/ATP-binding cassette 
transporter A1 (ABCA1) pathway and LXR-modulated cyto-
kines play an important role in macrophages which mediate 
lipid engulfment and the inflammatory response, and partici-
pate in the process of atherosclerosis. Therefore, lipid-lowering 
and anti-inflammatory therapy through the activation of the 
LXRα/ABCA1 pathway and LXRα-modulated cytokines may 
prove to be one of the main treatment strategies for atheroscle-
rosis. Alisma Decoction (AD) has long been used in China to 
clinically treat cardiovascular and cerebral diseases; however, 
the precise mechanisms involved remain to be elucidated. In 
the present study, we evaluated the regulation of lipids and the 
anti-inflammatory effects exerted by AD and investigated the 
underlying molecular mechanisms using oxidized low-density 
lipoprotein (ox-LDL)-stimulated foam cells derived from rat 
peritoneal macrophages. We first found that AD markedly 
relieved lipid deposition in foam cells as it increased LXRα 
and ABCA1 expression and decreased the ox-LDL-induced 
expression of inflammatory cytokines, such as matrix metal-
loproteinase-9 and interleukin-1β. Collectively, our findings 
suggest that blocking lipid deposition and inhibiting inflam-
matory response through the activation of the LXRα pathway 
may be one of the main mechanisms through which AD exerts 
its anti-atherosclerotic effects.

Introduction

Atherosclerosis (AS) is a type of disease in which lipid metabo-
lism disorder and chronic inflammation co-exist. Macrophages 
also play an important role in this type of disease. The devel-
opment of AS is closely associated with the engulfment of 
oxidized low-density lipoprotein (ox-LDL) by macrophages. 
Macrophages engulf ox-LDL unrestrictedly through the 
scavenger receptor, resulting in a large number of lipids being 
deposited, further promoting the formation of foam cells, and 
the secretion of large amounts of enzyme matrix metallopro-
teinases (MMPs) and a variety of cytokines, which play an 
important role in the occurrence and development of AS (1). 
Liver X receptors (LXRs) are members of the nuclear receptor 
(NR) superfamily of ligand-activated transcription factors 
and exist as two isoforms, LXRα and LXRβ (2). LXRs are 
intracellular lipid sensors that are activated by oxysterols in 
response to elevated intracellular cholesterol levels in multiple 
cell types (3). Within macrophages, LXRs protect the cells 
against foam cell formation through the activation of reverse 
cholesterol transport  (4). Studies have demonstrated that 
several genes involved in the regulation of the balance of lipid 
metabolism, inflammation and immune response are regulated 
by LXRs (5). LXR forms a heterodimer with the retinoid X 
receptor; together they can bind to a variation of a consensus 
sequence (DR4)TGACCGNNNNTAACCT in the promoter 
of the ATP-binding cassette transporter A1 (ABCA1), as well 
as other genes, inducing an upregulated expression (6). LXR 
then regulates cholesterol efflux and maintains the balance 
of lipid metabolism. Activated LXRs can also suppress the 
expression of pro-inflammatory cytokines, such as MMP-9 
and interleukin-1β (IL-1β). Castrillo et al (7) demonstrated 
that the activation of LXRs inhibited the expression of MMP-9 
in macrophages, at least in part through the antagonism of the 
NF-κB signaling pathway. Therefore, LXRs play an important 
role in anti-atherosclerosis by regulating lipid metabolism and 
inflammatory mediators, and have became one of the hotspots 
in drug development in recent years (8,9).

Alisma Decoction (AD) is a classical traditional Chinese 
formula that was first prescribed in the Eastern Han Dynasty, 
which consists of a combination of two herbs, including alisma 
and atractylodes. AD has long been used in China in the treat-
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ment of cardiovascular and cerebral diseases (10). Certain 
studies have demonstrated the lipid-lowering, anti-athero-
sclerotic and other pharmacological effects of AD (11,12). 
However, the mechanisms responsible for these effects have 
not yet been fully elucidated. In the present study, using the 
most important cells involved in the development of AS, 
macrophage-derived foam cells, we investigated the effects of 
AD on lipid metabolism and inflammatory responses in foam 
cells, as well as the mechanisms involved.

Materials and methods

Materials and reagents. DMEM-F12 was purchased from 
HyClone Laboratories (Shanghai, China). Fetal bovine serum 
(FBS) was from Gibco-BRL (Gaithersburg, MD, USA). 
ox-LDL (1.26 mg/l) and Dil-labeled oxidized low-density 
lipoprotein (Dil-ox-LDL) (1.9 mg/ml) were obtained from 
Beijing Xie Sheng Ssheng Wu Company (Beijing, China); both 
Oil Red O and hematoxylin were obtained from Wuhan Boster 
Biological Technology Ltd., Wuhan, China; 3-(4,5-dimethyl
thiazol-2-yl)-5-(3‑carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) was obtained from Promega Corp. 
(Madison, WI, USA). Antibodies used in western blot analysis 
included the following: i) anti-ABCA1 antibody (AB.H10) 
mouse monoclonal antibody; ii)  anti-LXRα antibody 
(PPZ0412) (mouse monoclonal antibody; iii) MMP-9 antibody 
(ab76003) rabbit monoclonal (EP1254); iv) (all from Abcam, 
Shanghai, China). Anti-β-actin (BM0627) mouse; v)  and 
horseradish peroxidase (HRP)-conjugated secondary antibodies 
were purchased from Wuhan Boster Biological Technology 
Ltd.. The cytokine IL-1β ELISA kit was purchased from IBL 
Systems  Inc., Hamburg, Germany. ECL reagents and cell 
lysates were acquired from the Beyotime Institute of Biotech
nology, Jiangsu, China. Male Sprague-Dawley (SD) rats were 
provided by the Experimental Animal Center of Fujian 
Medical University, Fuzhou, China [License no., SCXK (Min) 
2012-0001; the western blotting electrophoresis equipment 
was obtained from Bio-Rad, Shanghai, China; the cell incubator 
was purchased from Thermo Fisher Scientific Inc., Waltham, 
MA, USA. The Leica DM IL LED inverted microscope was 
from Leica Instrument Co., Ltd., Beijing, China.

Preparation of water extract from AD. Crude materials of AD 
were supplied by the Fujian University of Traditional Chinese 
Medicine Rehabilitation Hospital Pharmacy and were care-
fully identified. Alisma and atractylodes were soaked in water 
for 30 min and mixed in proportion and decocted twice by 
refluxing with water (1:6 and then 1:4, w/v) for 1 h. The filtrates 
were combined and condensed. They were then stored at 4˚C 
until use.

Preparation of AD-containing serum. A total of 40 male SD 
rats (weighing 200-220 g) were used in this study. The rats 
underwent a period of adaptive for 3 days before being used 
in the experiments. The rats were then randomly divided into 
the AD-containing serum group and the control group (same 
amount of saline injection; n=20 in each group). The rats were 
administered the treatments (1 ml/100 g) by gavage twice a 
day for 7 days. Abdominal aortic blood was then collected 
after gavage for 2 h on the eighth day. Subsequently, blood 

serum was separated by centrifugation at 3,000 rpm at 4˚C 
for 10 min. The serum was then mixed, inactivated for 30 min 
at 56˚C, and the bacteria were filtered through a microporous 
membrane, and stored at -20˚C until use. All procedures asso-
ciated with the care of the animals were performed according 
to the National Institutes of Health Guide for the Care and Use 
of Laboratory Animals and were approved by the Institutional 
Animal Care and Use Committee of Fujian University of 
Traditional Chinese Medicine.

Cytotoxity assay. The rat peritoneal macrophages (RPMs) 
were grown in 96-well plates and then incubated with 
AD-containing serum at various concentrations (10, 20 and 
30%) for 12, 24 and 48 h. MTS assay was used to measure 
the viability of the cells. Cells were incubated at 37˚C with 
MTS (1.90 mg/ml) for 4 h. The resulting color was assayed at 
490 nm using a microplate absorbance reader (Thermo Fisher 
Scientific Inc.).

RPM extracts, cell culture and grouping. RPMs were collected 
by lavaging the peritoneal cavity with 10 ml of DMEM-F12. 
Then the rats were soaked in 75% ethanol for 5 min. Cells 
were collected by centrifugation (1,000 x g, 15 min, 4˚C) and 
suspended in DMEM-F12 supplemented with 10% FBS. For 
the experiments, the cells were subcultured in 6-well or 25 cm2 
tissue culture dishes at a density of 5x106 cells/well and main-
tained in a humidified incubator with 5% CO2 at 37˚C. The 
RPMs were randomly assigned to four groups: i) the control 
group, in which the cells were incubated in DMEM-F12 
supplemented with 10% FBS for 24 h; ii) the ox-LDL group, 
where the cells were incubated in DMEM-F12 containing 
10%  FBS with oxidized LDL (50  mg/l) or Dil-ox-LDL 
(10 µg/ml) for 24 h; iii) the ox-LDL + AD group, where the 
foam cells were incubated in DMEM-F12 containing 10% FBS 
with AD-containing serum and oxidized LDL (50 mg/l) or 
Dil-ox-LDL (10 µg/ml) for 24 h; and iv) the AD group, where 
the cells were treated with the AD-containing serum for 24 h.

Morphological observation. After removal of the culture 
medium, the cells were washed three times with phosphate-
buffered saline (PBS) and then fixed for 15 min with 5% 
formalin solution. Thereafter, the cells were stained with 
Oil Red O for 10 min, followed by hematoxylin staining for 
5 min. The cells were then observed under a microscope and 
images were acquired at x40 magnification.

The RPMs were cultured in DMEM-F12 with 10% FBS 
for 24 h and treated with or without the 10 µg/ml DIL-ox-LDL 
for an additional 24 h. The culture medium was then removed. 
The cells were washed and harvested with PBS. Coverslips 
were mounted and analyzed under a fluorescent microscope.

Western blot analysis. Whole cell protein extracts were 
prepared from the RPMs. The cells were washed with PBS and 
lysed by adding lysis buffer. After mixing at 4˚C for 20 min, the 
samples were centrifuged at 12,000 x g for 10 min at 4˚C, and the 
supernatant was collected and stored at -80˚C. Protein assays 
were performed using the Bradford assay (Bio-Rad). Proteins 
(30 µg) were separated on an 10% SDS-polyacrylamide gel 
and transferred onto PVDF membranes with a 0.45-µm pore 
size (IPVH00010; Millipore, Billerica, MA, USA) for 1.5 h 



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  33:  971-977,  2014 973

at 110 V at 4˚C. After electro-transfer, the membranes were 
incubated in Blotto (5% non-fat dry milk in TBS) for 1 h at 
room temperature. The membranes were then washed three 
times, 10 min each, in TBS-Tween‑20 at room temperature. 
They were then incubated with polyclonal antibody against 
LXRα or ABCA1 or MMP-9 overnight. The membranes were 
washed with TBS-Tween-20 as described above, and then 
primary antibodies were detected with goat anti-rabbit-IgG 
or rabbit anti-mouse-IgG conjugated to horseradish peroxi-
dase, diluted 1:3,000 in Blotto for 2 h at room temperature. 
Subsequently, the membranes were washed and peroxidase 
activity was detected by enhanced chemiluminescence.

Measurement of IL-1β. The macrophages were plated in a 
6-well cell culture plate and treated with the various treatments 
as described above (RPM extracts, cell culture and grouping). 
Following the manufacturer's instructions, a volume of 1 ml of 
culture-medium supernatant was collected for measurement 
of the concentration levels of IL-1β by the relevant ELISA kit.

Statistical Analysis. Three or more separate experiments were 
performed. The results are expressed as a the means ± standard 
error (SE), and the data were analyzed using one-way ANOVA 
followed by Dunnett's test or Student's t-test using SigmaPlot 
(SigmaPlot for Windows, version 16.0; Systat Software Inc., 
San Jose, CA, USA) to determine any significant differences. 
Values of P<0.05 or P<0.01 were considered to indicate statis-
tically significant differences.

Results

MTS assay. We performed MTS assay to evaluate the effects of 
AD-containing serum on cell viability. AD-containing serum 
did not display any cytotoxic effects in the RPMs. Following 
treatment with various concentrations of AD-containing 
serum, the cells had a better viability at the concentration of 
20% (Fig. 1).

Oil Red O staining. The RPMs were treated with ox-LDL 
(50 mg/l) for 24 h, then washed twice with PBS, and stained 
with Oil Red O and hematoxylin. There were a large number 
of red lipid droplets in the cell cytoplasm in the ox-LDL group 
and nuclei were blue by hematoxylin staining. Thus, the foam 
cell model derived from RPMs was successfully established. 
However, following treatment with 20% AD-containing 
serum, the intracellular lipid droplets became lighter in color 
(lighter red) and lipid deposition was alleviated (Fig. 2).

Immunofluorescence. The RPMs were treated with Dil-ox-LDL 
(10 µg/ml) for 24 h. The foam cells were then observed under 
a fluorescence microscope. Dil-ox-LDL engulfed by RPMs 
showed red fluorescence. However, following therapeutic 
intervention with 20% AD-containing serum, the Dil-ox-LDL 
fluorescence showed weaker staining in the foam cells. This 
suggested that lipid deposition was attenuated in the foam cells 
following treatment with AD-containing serum (Fig. 3).

Protein expression of ABCA1 and LXRα in macrophage-
derived foam cells folloiwng treatment with AD-containing 
serum. To examine the effects of AD-containing serum on 

the expression of LXRα and ABCA1, following the specified 
treatments for 12, 24 and 48 h, the cells were collected, washed 
twice with ice-cold PBS, and were then subjected to protien 
extraction and cell lysis, and then protein levels were quanti-
fied. Western blot analysis was utilized to detect the protein 
expression of LXRα and ABCA1. The results revealed no 
significant difference in LXRα expression between the control 
and ox-LDL group; the expression level of LXRα was low 
in the control group and ox-LDL group. This suggested that 
ox-LDL (50 mg/l) marginally effected LXRα levels. However, 
the ox-LDL + AD and AD group had the highest expression 
level of LXRα. Thus, the present data reveal that AD acti-
vates LXRα in normal macrophages and foam cells (Fig. 4). 
Compared with the control group, the ABCA1 protein 
expression level was significantly increased in the ox-LDL, 
ox-LDL + AD and AD groups (Fig 5). These results raise the 
possibility that ox-LDL (50 mg/l), as well as AD-containing 
serum, can upregulate the expression of ABCA1 in foam cells. 
Although the ox-LDL + AD group showed a slightly decreased 
expression of ABCA1 compared with ox-LDL group, no statis-
tical significance was observed. Thus, these data suggest that 
AD-containing serum increases ABCA1 protein expression by 
activating LXRα.

Effect of AD-containing serum on MMP-9 expression in 
macrophage-derived foam cells. MMP-9 protein expression 
was detected by western blot analysis. MMP-9 protein expres-
sion in the ox-LDL group was markedly increased compared 
with the control group (Fig. 6). However, following treatment 
with 20% AD-containing serum, the protein level markedly 
decreased in a time-dependent manner compared with the 
ox-LDL group. However, when comparing the cells in the 
control group with those treated with ox-LDL alone at 48 h, no 
statistical significance was observed.

Measurement of IL-1β expression by ELISA. For the determi-
nation of IL-1β production in the extracellular medium, culture 
supernatants were collected to determine IL-1β activity. 
Treatment of the macrophages with 50 mg/l ox-LDL resulted 
in a marked increase in the secretion of IL-1β. However, 

Figure 1. Effect of Alisma Decoction (AD)-containing serum on rat peritoneal 
macrophage cell viability. Cells were treated with various concentrations of 
AD-containing serum for 12, 24 and 48 h. Cell viability was evaluated by 
MTS assay. Optical density (OD) reflects the viability of the cells. Each value 
indicates the mean ± standard deviation (SD) from at least three independent 
experiments.
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following treatment with AD-containing serum, IL-1β expres-
sion significantly decreased (P<0.05), as determined by ELISA. 
Moreover, the most significant reduction in IL-1β expression 
was observed following treatment with AD-containing serum 
for 24 h, demonstrating the anti-inflammatory effects of AD 
in macrophages (Fig. 7). However, there was no statistically 
significant differene observed at 12 and 48 h.

Discussion

AS is a complex vascular disorder. Both hyperlipidemia and 
inflammation are well known risk factors for the develop-
ment of AS and have been shown to play a causal role in the 
progression of atherosclerotic plaques (13). Macrophages play 
a crucial role in atherogenesis, through the engulfment of 
modified LDL and the secretion of inflammatory modulators, 
cytokines and matrix-degrading enzymes (14). The accumula-
tion of ox-LDL in atherosclerotic lesions is a principal event in 
atherosclerosis. ox-LDL not only enhances atherogenesis but 
also drives arterial inflammation, thus promoting the progres-
sion of AS (15).

Being important modulators of the macrophage cholesterol 
efflux and inducers of anti-inflammatory responses, LXR 
activation results in the amelioration of the plasma lipopro-
tein profile by mobilizing reverse cholesterol transport (4,16). 
LXRs also appear to be important modulators of inflammation 
through the direct regulation of inflammatory gene expression. 
Hong and Tontonoz (17), as well as others demonstrated that the 

Figure 2. Oil Red O staining: transformation of macrophages to foam cells and the changes in intracellular lipid levels following treatment with oxidized low-
density lipoprotein (ox-LDL) and/or Alisma Decoction (AD)-containing serum. Images were captured under a microscope at a magnification of x400. Images are 
representative of three independent experiments. (A) The macrophages not treated with ox-LDL or AD were visualized under a microscope, and the cells were 
counterstained with hematoxylin (blue). (B) The macrophages were observed following stimulation with ox-LDL, and the cells engulfed a large number of lipids 
(red), stained by Oil Red O. (C) The macrophages were detected follwoing treatment with AD, and lipids in the cell cytoplasm markedly decreased.

Figure 3. Changes in lipid Dil-labeled oxidized low-density lipoprotein (Dil-ox-LDL) deposition following the different treatments, as observed under a fluores-
cence microscope. Images were captured under a confocal fluorescence microscope with a magnification of x400. Images are representative of three independent 
experiments. The macrophages in the control group were not detected, as these cells did not show red fluorescence. In the Dil-ox-LDL group, a high amount 
of lipids was found deposited in the cells, emitting red fluorescence. In the Dil-ox-LDL + AD group, the lipid deposition of the cells was markedly reduced, as 
shown by the decrease in red fluorescence. AD, Alisma Decoction.

Figure 4. Effect of Alisma Decoction (AD) treatment on liver X receptor α 
(LXRα) protein expression in foam cells derived from rat peritoneal macro-
phages. Cells were treated with AD for 12, 24 and 48 h. The protein expression 
of LXRα was determined by western blot analysis. β-actin was used as the 
internal control. Images are representatives of three independent experiments.
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activation of LXRs inhibits the induction of pro-inflammatory 
gene expression following LPS stimulation or bacterial infec-

tion (18). LXRs inhibit inflammatory cytokines, including 
iNOS, COX2, IL-6 and IL-lβ and MMP-9 (19).

MMPs play important roles in acute and chronic 
inflammation, partly by promoting the turnover of the extra-
cellular matrix (ECM) and partly by modulating the actions 
of inflammatory mediators (20). MMP-9 is one of the main 
MMPs involved in the degradation of the ECM and type Ⅳ 
collagen (21). MMP-9 expression significantly increases and 
has been linked with inflammation, diabetic microvascular 
complications, ECM degradation and synthesis, and cardiac 
dysfunction (22). There is only a small amount of MMP-9 
expression in the normal arterial wall; however, in athero-
sclerotic plaques, the expression of a variety of MMPs can 
be detected, of which MMP-9 has a stronger activity (23). 
Macrophages are an important cellular source of plasma 
MMP-9  (24). Therefore, the inhibition of MMP-9 expres-
sion in macrophages may have anti-atherosclerotic effects, 
leading to plaque stabilization. It has been previously demon-
strated that MMPs can be activated by oxidative stress (25). 
Huang et al (26) reported that the activation of MMPs occurs 
through intermediates of ox-LDL. In parallel with this result, 
in the present study, we found that MMP-9 expression mark-
edly increased followign treatment with ox-LDL. By contrast, 
AD-containing serum effectively reduced the expression of 
MMP-9 in a time-dependent manner in macrophage-derived 
foam cells.

In addition, it is worth noting that macrophages are also the 
major source of IL-1β as the predominant inflammatory-type 
cells in atherosclerotic lesions (27,28). IL-1β is considered to be a 
prototypic ‘multifunctional’ cytokine in inflammation (29,30). 
Previous studies have shown that IL-1β has a significasnt effect 
on the initiation and progression of AS (31,32). The cytokines 
produced by macrophages in atherosclerotic lesions are 
regarded to be important in the initiation and amplification of 
IL-1β-mediated inflammation (33). Macrophages are induced 
by ox-LDL to secrete IL-1β (34). In line with this report, our 
study demonstrated that IL-1β expression markedly increased 
following treatment with ox-LDL. However, IL-1β expression 

Figure 5. Effect of Alisma Decoction (AD) treatment on ATP-binding cas-
sette transporter A1 (ABCA1) protein expression in foam cells derived 
from rat peritoneal macrophages. Cells were treated with AD for 12, 24 and 
48 h. (A) The protein expression of ABCA1 was determined by western blot 
analysis. β-actin was used as the internal control. Images are representative of 
three independent experiments. (B) Statistical analysis: *P<0.05 represents the 
three treatment groups compared with the control group.

Figure 6. Effect of Alisma Decoction (AD) treatment on matrix metallopro-
teinase-9 (MMP-9) protein expression in foam cells derived from rat peritoneal 
macrophages. Cells were treated with AD for 12, 24 and 48 h. (A) The protein 
expression of MMP-9 was determined by western blot analysis. β-actin was 
used as the internal control. Images are representative of three independent 
experiments. (B) Statistical analysis: *P<0.05 represents the three interven-
tion groups compared with the control cells, and cells treated with oxidized 
low-density lipoprotein (ox-LDL) (50 mg/l) and AD (20%) compared with 
cells treated with ox-LDL alone at 48 h; #P<0.01 represents cells treated with 
ox-LDL and AD compared with the cells treated with ox-LDL alone at 12 
and 24 h.

Figure 7. Effect of different treatments on IL-1β protein expression in foam cells 
derived from rat peritoneal macrophages. Cells were treated with various treat-
ments for 12, 24 and 48 h. Alisma Decoction (AD) represents AD-containing 
serum in this figure. (1) The protein expression of IL-1β was determined by 
ELISA. (2) Statistical analysis: *P<0.05 represents the three intervention 
groups compared with the untreated control cells at 24 h; ※P<0.05 represents 
cells treated with oxidized low-density lipoprotein (ox‑LDL) (50 mg/l) and 
AD (20%) compared with the cells treated with ox-LDL alone at 24 h.
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significantly decreased in the cells treated with AD-containing 
serum, particularly at 24 h after stimulation.

Futhermore, dyslipidemia and inflammation are well 
known and equally important risk factors for the development 
of atherosclerosis. The interplay between lipid metabolism 
and inflammation at multiple levels in metabolic active tissues 
may exacerbate the development of atherosclerosis. It is worth 
noting that ABCA1 is among the earliest identified target genes 
for LXR, and whose activation has been shown to promote 
reverse cholesterol transport in vivo (35). Chawla et al (36) 
reported that ox-LDL upregulated the expression of ABCA1 
through the activation of the peroxisome proliferator-activated 
receptor-γ-LXR pathway in macrophages. In parallel with these 
results, we found that the ox-LDL + AD group and AD group 
showed a higher protein expression level of LXRα and ABCA1 
compared with the control group; thus, we can speculate that AD 
attenuated lipid deposition by regulating LXRα and ABCA1 
in macrophages. However, when the ox-LDL + AD group and 
AD group were compared with the ox-LDL group, the former 
showed a higher expression level of LXRα, but it did not appear 
that ABCA1 expression had a higher level similar to LXRα. On 
the contrary, the expression level of ABCA1 decreased slightly. 
We consider that the reasons for this may be the following: 
certain studies have suggested that ABCA1 not only plays the 
role of transporter on cellular cholesterol and phospholipids, 
but it also increases the secretion of inflammatory cytokines, 
such as IL-1β and monocyte chemoattractant protein-1 
(MCP-1) at the cellular level (37,38). Yin et al (39) reported that 
inflammatory cytokines, such as IL-1β and interferon (IFN)-γ 
inhibit ABCA1 expression; Reddy et al (40) found that ABCA1 
is not only involved in reverse cholesterol transport, but that 
it also participates in the oxidative modification of LDL. 
ABCA1 plays an important role in the oxidative modifica-
tion of LDL by regulating the release of active oxygen on the 
arterial wall. The inhibition of ABCAl expression can prevent 
LDL-induced lipid peroxidation. Thus, we believe that ox-LDL 
can directly activate the expression of ABCA1, while the high 
expression of ABCA1 promotes the oxidative modification of 
LDL. Accordingly, it can be inferred that ABCA1 may play a 
dual role in the process of AS. The dynamic balance between 
the expression and degradation of ABCA1 in vivo plays an 
important role in maintaining the metabolic balance of lipids. 
In addition, studies have shown that the half-life of ABCA1 
protein is only 1-2 h, and it is always in the process of homeo-
stasis between expression and degradation (41). Therefore, it 
can be hypothesized that ABCA1 protein expression is not only 
effected by LXRα, ox-LDL and its short half-life, by is also 
influenced by various inflammatory cytokines secreted from 
macrophages and lipid oxidation, maintaining a dynamic equi-
librium state. This partly explains this seemingly contradictory 
phenomenon. Thus, it is suggested that AD markedly blocked 
lipid deposition in macrophages by activating the LXRα-
ABCA1 signaling pathway. However, ABCA1 is affected by 
secreting inflammatory cytokines from macrophages, as well 
as metabolism itself; thus, ABCA1 protein expression remains 
at a suitable equilibrium, rather than increasing unlimitedly. 
Hence, the effects of and regulation of ABCA1 expression by 
pathologic stimuli remain controversial.

In conclusion, this study demonstrates that Alisma 
Decoction reduces lipid deposition of RPM-derived foam 

cells and inhibits the secretion of MMP-9 and IL-1β through 
the activation of LXRα. Taken together, these results suggest 
a potential role for Alisma Decoction in the protection against 
and treatment of AS.
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