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Andrographolide Ameliorates Atherosclerosis by Suppressing
Pro-Inflammation and ROS Generation-Mediated Foam Cell

Formation

Teng Wu,"? Yuan Peng,l’3 Sishan Yan,* Ning Li* Yinghua Chen,>” and Tian Lan*%’

Abstract—Inflammation, oxidative stress, and dyslipidemia are major factors in the pathogen-
esis of atherosclerosis. Andrographolide, a bioactive component of Andrographis paniculata,
has several biological activities, including anti-inflammatory, antioxidant, and anticancer
effects. This study shows that andrographolide downregulates the oxidized low-density
lipoprotein (oxLDL)-induced expression of the pro-inflammatory molecules monocyte che-
motactic protein (MCP)-1 and interleukin (IL)-6 and blocks the nuclear factor-kB signaling
pathway in macrophages. Additionally, andrographolide treatment decreased reactive oxygen
species (ROS) generation in oxLDL-induced macrophages, indicating that the compound can
decrease oxidative stress. The results also suggest that andrographolide suppresses oxLDL-
induced foam cell formation and inhibits oxLDL-induced CD36 expression in vitro. Further-
more, in vivo studies have indicated that andrographolide treatment ameliorates atheroscle-
rosis pathogenesis in apolipoprotein E knockout mice. Therefore, by suppressing inflamma-
tion, ROS generation, and foam cell formation, andrographolide may ameliorate the progres-
sion of atherosclerosis, suggesting its potential as a therapeutic drug for the prevention and/or
treatment of this disease.
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INTRODUCTION

Atherosclerosis is a chronic inflammatory disease that
affects a large number of people worldwide. The condition is
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associated with various complications, such as angina pec-
toris, hypertension, and limb ischemia [1, 2]. Currently, the
main therapeutic strategy for atherosclerosis is regulation of
lipid metabolism to slow the progression of the disease rather
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than decrease plaques. Statins, which are lipid-lowering
medications, are the most commonly prescribed treatment
for atherosclerosis, being used by millions of patients. How-
ever, the adverse effects associated with statins, such as
myopathy and diabetes mellitus, limit their usage [3].

Macrophages participate in all atherosclerosis-related
processes, including the initiation, progression, and regres-
sion of atherosclerotic lesions [4]. Endothelial dysfunction
and structural alterations cause the accumulation of low-
density lipoproteins (LDL) in the subendothelial space,
leading to atherogenesis [5, 6]. Once LDLs are retained
in the intima, they are prone to be oxidized by reactive
oxygen species (ROS) [7, 8], causing the formation of
oxidized LDL (oxLDL). This, in turn, triggers the expres-
sion of monocyte chemotactic protein (MCP)-1 and the
release of several cytokines, such as interleukin (IL)-6 and
tumor necrosis factor (TNF)-o, promoting the recruitment
of monocytes, which subsequently differentiate into mac-
rophages [9]. These macrophages internalize oxLDL
through the scavenger receptors CD36 and ScR-A, gradu-
ally becoming foam cells [10]. The apoptosis of foam cells
releases their lipid contents, leading to further inflamma-
tion and, eventually, the development of atherosclerotic
plaques [11]. Together, dyslipidemia, inflammation, and
oxidative stress play a significant role in the pathogenesis
of atherosclerosis.

Andrographolide, a labdane diterpenoid, is a natural
compound isolated from Andrographis paniculata. A tradi-
tional Chinese medicine, andrographolide has been official-
ly approved for the treatment of respiratory infections and
fever. Recently, andrographolide has been found to exert
strong anti-inflammatory activity by blocking the nuclear
factor (NF)-kB signaling pathway [12]. Additional studies
have highlighted the benefits of its anti-inflammatory effects
in diseases such as cancer and diabetes [13—15]. However,
few studies have investigated whether andrographolide can
inhibit the progression of atherosclerosis. In the present
work, the anti-atherosclerotic effects of andrographolide
are examined, and data are provided showing that androg-
rapholide significantly ameliorates the dyslipidemia, inflam-
mation, and oxidative stress induced by oxLDL in macro-
phages and alleviates the progression of atherosclerosis.

MATERIALS AND METHODS

Reagents

Andrographolide and dimethyl sulfoxide (DMSO)
were purchased from Sigma Aldrich (St. Louis, MO,
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USA). The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tet-
razolium bromide (MTT) Cell Proliferation and Cytotox-
icity Assay kit was obtained from Sangon (Shanghai, Chi-
na). Primary antibodies against p65 and phosphorylated
(p)-p65 were purchased from Santa Cruz Biotechnology.
Primary antibodies against CD36 were obtained from
Abcam, and primary antibodies against 3-actin were from
Beyotime Biotechnology Co. (Beijing, China).

Cell Culture and Treatment

The murine macrophage cell line RAW264.7 was
provided by the American Type Culture Collection (Man-
assas, VA, USA). RAW264.7 cells were cultured at 37 °C
in a 5% CO, incubator with Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, USA) containing 10% fetal bo-
vine serum (Gibco, USA) and 100 U/mL penicillin-
streptomycin. Cells were grown to confluence and syn-
chronized in serum-free DMEM for 12 h. The medium
was then changed to (1) serum-free DMEM for 48 h (neg-
ative control), (2) serum-free DMEM with 80 pg/mL
oxLDL (Yiyuan, Guangzhou, China) for 48 h, (3)
oxLDL-containing serum-free DMEM with 1 M androg-
rapholide for 48 h, (4) oxLDL-containing serum-free
DMEM with 5 puM andrographolide for 48 h, or (5)
oxLDL-containing serum-free DMEM with 100 uM
PDTC for 48 h.

MTT Assay

RAW264.7 cells were seeded in 96-well plates at 4 x
10° cells/well; at 60% confluence, the cells were starved
for 3 h and then incubated with different concentrations of
andrographolide (0, 1.25, 2.5, 5, 10, 20, and 40 uM) in
DMEM for 48 h. MTT (1%, 10 uL) was then added to each
well, followed by incubation for 2—4 h. The medium was
then carefully removed, and 100 uL DMSO was added to
each well. The absorbance of solubilized blue formazan
was read at 490 nm by using a microplate reader.

RNA Extraction and Real-time Polymerase Chain
Reaction

RNA was extracted by using TRIzol (Invitrogen)
according to the manufacturer’s recommended protocol.
A reverse transcription kit (Takara) and oligo(dT) primers
were used for the reverse transcription. cDNA was ampli-
fied and measured by using a StepOnePlus system (Ap-
plied Biosystems). The quantitative (q)PCR primer
sequences were as follows: IL-6, forward 5'-TAGTCCTT
CCTACCCCAATTTCC-3" and reverse 5'-TTGGTCCT
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TAGCCACTCCTTC-3"; MCP-1, forward 5'-TTAA
AAACCTGGATCGGAACCAA-3' and reverse 5'-GCAT
TAGCTTCAGATTTACGGGT-3'; and CD36, forward 5'-
ATGGGCTGTGATCGGAACTG-3' and reverse 5-GTCT
TCCCAATAAGCATGTCTCC-3'. PCR primers for f3-
actin were purchased from Sangon. Quantitative measure-
ments were obtained by using the ACt method, with f3-
actin as an internal control.

MCP-1 and IL-6 Detection

RAW264.7 cells were treated as described above.
Brefeldin A (10 pg/mL) was added to each well 8 h before
harvest. BD Fc BlockTM (100 pL/well) was then added,
followed by incubation for 30 min at 4 °C to block non-
specific antibody binding sites. After thrice washing with
washing buffer, a permeabilization solution (100 pL/well)
was added, followed by incubation for 20 min at 4 °C. The
cells were then incubated with Alexa Fluor 488-conjugated
anti-mouse IL-6 (BD, USA) and PE-conjugated anti-
mouse MCP-1 (BD, USA) for 30 min at 4 °C, washed
thrice, and analyzed on a CytoFLEX flow cytometer by
using the CytExpert software (Beckman, USA).

Western Blot Analysis

Total cellular proteins were extracted from
RAW264.7 cells by using RIPA Lysis Buffer (Beyotime,
Shanghai, China) according to the manufacturer’s protocol.
Protein samples (30 pg) were separated by using 12%
sodium dodecyl sulfate—polyacrylamide gel electrophore-
sis and then transferred to polyvinylidene difluoride mem-
branes. The membranes were incubated for 1 h with a
blocking buffer (5% nonfat milk dissolved in Tris-
buffered saline containing 0.1% Tween 20 (TBST)) and
then overnight at 4 °C with mouse antibodies against {3-
actin (for normalization of protein expression), rabbit anti-
bodies against p-p65, rabbit antibodies against CD36, or
mouse antibodies against p65. Horseradish peroxidase
(HRP)-conjugated donkey anti-mouse or anti-rabbit IgG
(Santa Cruz Biotechnology) was used to amplify the im-
munogenic signals. Protein signals were detected on a LAS
4000 imaging system (GE, USA) by using a chemilumi-
nescence kit (KeyGen, Nanjing, China).

Evaluation of Cellular ROS Levels

Cells were plated in glass-bottom cell culture dishes at
8 x 10° cells/dish and incubated overnight. After the treat-
ments described in the “Cell Culture and Treatment” sec-
tion, dichlorofluorescin diacetate (DCFH-DA; 10 uM) was
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added to each dish, followed by incubation for another
90 min. Subsequently, the dishes were washed thrice with
phosphate-buffered saline (PBS), fixed with 4% parafor-
maldehyde for 5 min, and stained with 4',6-diamidino-2-
phenylindole (DAPI) for 1 min. The samples were then
observed under a confocal microscope (Zeiss 710,
Germany).

Measurement of Macrophage Uptake

Cells were seeded on cover glasses in 6-well plates
(8 x 10% cells/well) and, after serum starvation overnight,
were treated as described in the “Cell Culture and
Treatment” section. Then, 40 pg/mL Dil-labeled oxLDL
(Yiyuan, Guangzhou, China) was added to all samples
except those in the control group, followed by incubation
for 3 h. After treatment, the cells were washed thrice with
PBS, fixed with 4% paraformaldehyde for 5 min, and
stained with DAPI for 2 min. The cells were then observed
by using confocal microscopy.

Animal Feeding and Treatment

Homozygous apolipoprotein E-deficient (ApoE ")
mice were obtained from the Jackson Laboratory. The
mice were housed under a fixed 10:14-h light/dark cycle
and treated according to the guidelines of the Animal
Experimental Center of Guangdong Pharmaceutical Uni-
versity. The ApoE "~ mice were fed with a Western diet for
8 weeks and then separated into three groups with similar
body weights. The groups were intraperitoneally injected
with 1 pg/g andrographolide, 2.5 ng/g andrographolide,
and PBS, respectively, every 3 days for an additional
8 weeks.

Measurement of Atherosclerotic Lesions

Mice were sacrificed by using an overdose of ethyl
ether and then perfused with PBS. To assess the develop-
ment of atherosclerosis, both aortic root sections and the
thoracic/abdominal aortas that separated from fat or other
tissues were stained with Oil Red O (Sangon, Shanghai,
China) for 30 min. The Image Pro Plus 6.0 imaging soft-
ware was used to measure aortic lesions by using the “en
face” method as previously described [10].

Immunohistochemistry

For immunohistochemistry, aortic root sections
were incubated with rat anti-MCP-1 (1:100; Abcam)
and rabbit anti-IL-6 antibodies (1:100; Abcam) at 4 °C
overnight and then with goat anti-rabbit or anti-rat
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secondary antibodies (Santa Cruz Biotechnology, USA) RESULTS
at 37 °C for at least 1 h. The protein expression was

visualized by using 3,3'-diaminobenzidine (Thermo) for Andrographolide Inhibits oxLDL-Induced Inflamma-
1.5 min; hematoxylin was used to stain the nuclei. tion in RAW264.7 Cells

To determine the appropriate andrographolide con-
centration for use with RAW264.7 cells, the cells were

Statistical Analysis !
exposed to 040 uM andrographolide for 48 h. As shown
Significant differences between two groups were an- in Fig. 1a, the viability of RAW264.7 cells was not altered
alyzed by using the unpaired Student’s ¢ test, and differ- by andrographolide at a concentration lower than 10 uM
ences among multiple groups were assessed by applying (91.3% +£4.4). Thus, in the following experiments,
one-way analysis of variance with Bonferroni’s correction RAW264.7 cells were cultured with 1 or 5 puM
(GraphPad Prism software version 5.0; GraphPad Prism, andrographolide.
USA). All experiments were done at least in triplicate, with The increased expression of pro-inflammatory cyto-
similar results. The data are expressed as the mean =+ kines, such as MCP-1 and IL-6, is considered one of the
standard deviation (SD). Statistical significance was set to hallmarks of atherosclerosis [16]. The data shown in
P<0.05. Fig. 1b indicate that the MCP-1 mRNA levels significantly
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Fig. 1. Anti-inflammatory efficacy of andrographolide on oxLDL-induced macrophages. a Cytotoxicity in RAW264.7 cells treated with different
concentrations of andrographolide. mRNA levels of b MCP-1 and ¢ IL-6 in RAW264.7 cells treated with 1 and 5 uM andrographolide in the presence of
oxLDL (80 pg/mL) for 24 h. d MCP-1 and e IL-6 protein expression in RAW264.7 cells treated with 5 uM andrographolide in the presence of oxLDL (80 pg/
mL) as measured by flow cytometry. f P-p65 levels in RAW264.7 cells treated with 1 and 5 uM andrographolide in the presence of oxLDL (80 pg/mL). All
experiments were done at least in triplicate. PDTC was used as a positive control. *P <0.05, **P < 0.01, and ***P < 0.001 vs. control group. ##P < 0.01 and
###P <0.001 vs. oxLDL treatment group.
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Fig. 2. Andrographolide decreases ROS generation in oxLDL-induced macrophages. ROS levels in RAW264.7 cells treated with 5 M andrographolide in
the presence of oxLDL (80 pg/mL) were visualized by confocal microscopy (bar, 50 pm). All experiments were done at least in triplicate.

increased (up to 5.28 £0.67-fold) on oxLDL treatment.
However, in cells treated with oxLDL, andrographolide
decreased the MCP-1 transcription (2.77 +0.11- and 2.43
+ 0.31-fold that of control after treatment with 1 and 5 uM
andrographolide, respectively); this effect is similar to that
of the NF-«kB inhibitor PDTC (1.16 £0.12 compared with
control). Additionally, andrographolide inhibited the /L-6
transcription in oxLDL-stimulated macrophages (Fig. 1c):
1 and 5 uM andrographolide significantly decreased the
IL-6 levels in oxLDL-stimulated macrophages (2.33 +
0.09- and 1.86+0.30-fold that of control, respectively)
compared with the oxLDL-treated group (6.64 + 0.41-fold
that of control). Flow cytometry was used to evaluate the
MCP-1 and IL-6 protein levels in the same conditions. As
shown in Fig. 1d, e, similarly to PDTC, andrographolide
(5 uM) decreased the MCP-1 and IL-6 expression in
oxLDL-induced macrophages.

Andrographolide Hampers the oxLDL-Induced Acti-
vation of NF-kB Signaling in RAW264.7 Cells

The activation of the inflammatory response-related
NF-kB signaling pathway plays an important role in the
progression of atherosclerosis. The data reported above
indicate that andrographolide has a similar effect to that of
PDTC, a selective NF-kB inhibitor. The phosphorylation

of p65 is important for NF-kB activation [17]. Therefore,
to investigate if andrographolide activated NF-kB signal-
ing, the p65 phosphorylation was measured by Western
blot assays. A marked increase in p65 phosphorylation
after oxLLDL treatment (4.03 £0.76-fold that of control)
was observed, whereas andrographolide treatment (1 and
5 uM) decreased the p-p65 levels in a dose-dependent
manner (2.34 £0.40- and 1.79 £0.21-fold that of control
at 1 and 5 uM, respectively; Fig. 1f). These results are
similar to those obtained with PDTC treatment (0.83 +
0.10-fold that of control; Fig. 1f).

Andrographolide Treatment Inhibits oxLDL-Induced
ROS Generation in Macrophages

Next, DCFH-DA, a fluorogenic ROS dye, was
used to evaluate oxidative stress in oxLDL-treated cells.
As shown in Fig. 2, the DCFH-DA fluorescence was
much stronger in oxLDL-induced macrophages than in
negative control cells, indicating ROS generation after
oxLDL treatment. Andrographolide treatment weak-
ened the fluorescence of oxLDL-treated cells, indicating
decreased ROS production on andrographolide treat-
ment; PDTC had only a slight effect on the level of
oxidative stress in oxLDL-treated cells.
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Fig. 3. Andrographolide blocks oxLDL-induced foam cell formation and CD36 upregulation. a RAW264.7 cells were treated with 5 uM andrographolide in
the presence of Dil-labeled oxLDL (40 pg/mL). The Dil-labeled oxLDL uptake was measured by confocal microscopy. b RAW264.7 cells were treated with
1 and 5 uM andrographolide in the presence of oxLDL (80 pg/mL) for 24 h. The CD36 mRNA levels were analyzed by q-PCR. ¢ RAW264.7 were cells
treated with 1 and 5 uM andrographolide in the presence of oxLDL (80 pg/mL) for 48 h. The CD36 expression was measured by Western blotting assays. All
experiments were done at least in triplicate. Bar, 50 pm. **P <0.01 and ***P < 0.001 vs. control group. #P < 0.05 and ##P <0.01 vs. oxLDL treatment
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Andrographolide Treatment Inhibits oxLDL-Induced
CD36 Expression and Foam Cell Formation

Foam cell formation is key to the development of
atherosclerosis, and macrophages can internalize oxLDL
to form foam cells in vitro. Thus, Dil-labeled oxLDL was used
to evaluate foam cell formation. As shown in Fig. 3a, weaker
red fluorescence was observed in the andrographolide-treated
group compared with the oxLDL-stimulated group, indicating
that andrographolide suppressed oxLDL internalization.
CD36, a class A scavenger receptor, participates in foam cell
formation induced by oxLDL internalization [18]. Real-time
PCR assays, shown in Fig. 3b, indicated that andrographolide
treatment of oxLDL-stimulated macrophages downregulation
of CD36 mRNA levels (5.22 + 1.32- and 4.57 + 0.74-fold that
of control on treatment with 1 and 5 uM andrographolide,
respectively) compared with oxLDL-stimulated macrophages
(12.9 +2.1-fold that of control). Similar results were obtained
in Western blot assays (Fig. 3c): treatment with 1 and 5 uM
andrographolide was associated with downregulated CD36
expression (2.00 +0.32- and 1.52 4+ 0.28-fold that of control,

respectively) compared with that in oxLDL-treated macro-
phages (4.64 £0.52-fold that of control). Conversely, PDTC
did not have any effect on CD36 expression in oxLDL-
induced macrophages (Fig. 3b, c).

Andrographolide Treatment Counteracts the
Progression of Atherosclerosis

ApoE™"~ mice fed with a Western diet were used to
evaluate the therapeutic effects of andrographolide in vivo.
Oil Red O staining, which allows the visualization of lipids,
showed plaque reduction in the aortic roots (Fig. 4a, b) and
aortic trees (Fig. 4c, d) after andrographolide treatment,
indicating that andrographolide dose-dependently counter-
acts the progression of atherosclerosis. Immunohistochem-
istry assays, which evaluated the MCP-1 and IL-6 levels in
plaques from each group, showed that the expression of
MCP-1 (Fig. 4e, f) and IL-6 (Fig. 4g, h) was downregu-
lated in plaques after andrographolide treatment. Interest-
ingly, these results also indicated the dose-dependent
effect of andrographolide in decreasing atherosclerotic
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Fig. 4. Protective effects of andrographolide on atherosclerosis in ApoE ~ mice. ApoE "~ mice fed with a Western diet were intraperitoneally injected with 1
or 2.5 pg/g andrographolide every 3 days for 8 weeks. The plaques in the aortic root (a and b) and aortic tree (¢ and d) were analyzed by Oil red O staining and
quantified by using the Imagel software, respectively. The expression of IL-6 (e and f) and MCP-1 (g and h) in the aortic roots was examined by
immunohistochemical staining and quantified by using the ImageJ software. Bar, 200 um in Oil Red O staining images and 100 pm in immunohistochemistry

staining images (n = 8 per group; *P <0.05 and **P < 0.01 vs control group).

plaques, as well as in inhibiting the expression of the
pro-inflammatory factors MCP-1 and IL-6.

DISCUSSION

Despite some effective therapeutic strategies in clini-
cal practice, atherosclerosis is still the leading cause of
mortality and morbidity in developed countries. In this
preclinical study, andrographolide was found to alleviate
the progression of atherosclerosis.

Andrographis (Andrographis paniculata), a traditional
Chinese medicine, shows several pharmacologic effects,

including anti-inflammatory, immunoregulatory, anticancer,
and hypoglycemic activities [19]. For over a decade now,
andrographolide, extracted from Andrographis, has been
recognized as an anti-inflammatory compound both in vivo
and in vitro. For instance, it can inhibit NF-kB activation
and attenuate neointimal hyperplasia in arterial restenosis
[12]. A recent study reported that andrographolide treatment
inhibits the production of NO and TNF-« in lipopolysac-
charide (LPS)-treated peritoneal mouse macrophages. How-
ever, although treatment with andrographolide in combina-
tion with LPS decreases IL-6 production, the decrease is not
significant compared with treatment with LPS alone [20],
indicating the complex role IL-6 plays in inflammation. IL-6
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has been described as anti-inflammatory in some settings,
and some studies have reported that classical IL-6 signaling
is initialed through the binding of IL-6 to the non-signaling
IL-6 receptor & (IL-6Rc) subunit, which promotes IL-6-
mediated inflammation response [21, 22]. However, in
some leukocytes, the expression of the IL-6Ro subunit is
restricted, limiting the types of cells that respond to IL-6 [21,
22]. Nevertheless, many studies have suggested that 1L-6
also plays essential roles in promoting inflammation and
immune system activation. For example, several works have
confirmed that andrographolide treatment significantly
decreases IL-6 expression in LPS-activated RAW264.7 cells
and in acute lung injury [23, 24]; andrographolide treatment
also inhibits macrophage activation in adjuvant-induced
arthritis [20]. These varying observations regarding IL-6
expression on andrographolide treatment are probably due
to the different types of macrophages used in the studies.
The present research found that in oxLDL-induced
RAW264.7 cells treated with andrographolide, the expres-
sion of the pro-inflammatory factors IL-6 and MCP-1 de-
creased, and p65 phosphorylation, which plays an important
role in NF-«kB activation, was inhibited.

ROS are generated in nearly all cell types, and they
function as signaling molecules in various metabolic pro-
cesses [25]. Several studies have indicated the role of ROS
in the pathogenesis of atherosclerosis, and decreasing ROS
levels is a useful strategy for the treatment of this disease
[26]. Andrographolide has been reported to ameliorate
diabetic nephropathy by attenuating hyperglycemia-
mediated renal oxidative stress and inflammation through
the Akt/NF-«B pathway [13]. Here, andrographolide treat-
ment was found to be associated with the decreased ROS
generation in oxLDL-induced macrophages, indicating
that andrographolide ameliorates oxidative stress in
oxLDL-treated cells.

Foam cell formation is one of the most important
events in atherosclerotic progression [10]. The conversion
of macrophages into foam cells is synergized by imbalan-
ces in the normal homeostatic mechanisms that control the
binding and uptake, intracellular metabolism, and efflux of
cholesterol [27]. Lipoprotein uptake by monocyte-derived
macrophages is one of the earliest pathogenic events in
atherosclerosis and results in the development of foam
cells. Scavenger receptors, a type of pattern recognition
receptors expressed by macrophages, play a key role in
atherosclerosis [28]. Numerous scavenger receptor family
members promote foam cell formation. Among them,
scavenger receptor Al (SR-A1) and CD36 mediate 75—
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90% of the modified LDL degradation by macrophages
in vitro [29]. In this study, the CD36 expression and
oxLDL uptake in oxLDL-induced macrophages were eval-
uated, and andrographolide treatment was found to inhibit
oxLDL-induced CD36 expression and block foam cell
formation in vitro. The ATP-binding cassette (ABC) sub-
family members ABCA1 and ABCG1 mediate cholesterol
efflux in foam cells. Lin et al. showed that andrographolide
treatment inhibits foam cell formation in macrophages by
inhibiting CD36-mediated oxLDL uptake and inducing
ABCAI1- and ABCG1-dependent cholesterol efflux [30],
providing a mechanism for andrographolide-mediated
foam cell formation. Further research on this subject also
evaluated the therapeutic effects of andrographolide on
ApoE”" mice fed with a Western diet. The present results
showed that andrographolide dose-dependently decreased
the expression of IL-6 and MCP-1 in the aortas and ame-
liorated the progression of atherosclerosis in ApoE ™~ mice.
In conclusion, andrographolide was found to amelio-
rate oxLDL-induced oxidative stress, downregulate the
expression of inflammatory factors, such as IL-6 and
MCP-1, and inhibit foam cell formation in vitro. The
results suggest that the anti-inflammatory activity of
andrographolide is exerted through inhibition of the NF-
kB signaling pathway. Furthermore, the in vivo experi-
ments showed that andrographolide treatment decreases
plaque lesions and inhibits the expression of the pro-
inflammatory factors IL-6 and MCP-1 in the plaque areas
in a dose-dependent manner. Therefore, the findings pro-
vide new insights into the beneficial therapeutic effects of
andrographolide in the treatment of atherosclerosis.
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