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Abstract: Persicaria minor (Huds.) Opiz is an herb with anti-inflammatory, antioxidant, and anti-
atherosclerosis effects. Nevertheless, the mechanism underlying its anti-atherosclerosis effect is poorly
comprehended. This in vitro study assessed the protective effects of standardized aqueous extract
of P. minor leaves (PM) on tumor necrosis factor-α (TNF-α)-induced monocyte adhesion to human
umbilical vein endothelial cells (HUVEC), which is one of the pivotal early steps in atherogenesis. The
results showed that PM decreased the mRNA and protein expression of cellular adhesion molecules,
vascular adhesion molecule-1 and intercellular adhesion molecule-1, resulting in reduced adhesion
of monocytes to HUVEC. Additionally, PM inhibited nuclear factor kappaB (NF-κB) activation as
indicated by reduced NF-κB p65 levels in TNF-α-induced HUVEC. Overall, PM could prevent in vitro
atherogenesis by inhibiting NF-κB activation and adhesion of monocytes to HUVEC. The effects
of PM are probably mediated by its bioactive compound, quercetin-3-O-glucuronide. The findings
may provide a rationale for the in vivo anti-atherosclerosis effect of PM, and support its potential use
in atherosclerosis.

Keywords: endothelial cell; inflammation; monocyte adhesion; Persicaria minor; Polygonum minus

1. Introduction

Atherosclerotic cardiovascular disease is the main underlying cause of mortality
throughout the world. Endothelial dysfunction is known as the precursor to atherosclero-
sis [1] and it can be detected in small resistance arteries much earlier before atherosclerotic
plaque formation becomes visible on ultrasonography [2]. At the beginning of atherosclero-
sis development, an insult to the endothelial lining causes activation of the endothelial cells.
Activated endothelium renders cellular adhesion molecules such as intercellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1). Cellular adhesion
molecules enhance the adhesion of circulating monocytes to the activated endothelial cells.
Subsequently, the monocytes infiltrate the endothelium and migrate into the subendothelial
layer where they transform into macrophages which eventually form the foam cells in
atherosclerotic plaque [3].

Pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α) have a signif-
icant role in endothelial dysfunction and atherosclerosis development [4]. TNF-α level
was elevated in the plasma of patients with acute coronary syndrome [5], while deletion
of TNF-α gene reduced the formation of atherosclerosis in mice [6]. TNF-α promotes
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atherogenesis by activating a transcription factor, nuclear factor kappaB (NF-κB). NF-
κB activation upregulates cellular adhesion molecules expression, such as ICAM-1 and
VCAM-1 [7]. For this reason, TNF-α has been widely used to induce vascular endothelial
inflammation in various studies [8,9]. Since endothelial inflammation is a crucial step in
atherogenesis [10–12], natural products that inhibit TNF-α-induced NF-κB activation and
the consequent inflammation are the promising future therapies for atherosclerosis.

Persicaria minor (Huds.) Opiz (syn. Polygonum minus Huds.) is a perennial herb that
is commonly found in Southeast Asia, particularly in Malaysia, Indonesia, Thailand, and
Vietnam. The herb is a member of the Polygonaceae family. This aromatic plant has been
consumed as an ingredient in hot, spicy, and sour Malay delicacies [13]. Traditionally,
P. minor is utilized as postnatal tonic and for dyspepsia and dandruff treatment. Acute and
subchronic toxicity studies in female Sprague Dawley rats showed that P. minor is safe to
consume up to a maximum tested dose of 2000 mg/kg [14]. P. minor is rich in phenolic and
flavonoid compounds such as myricetin, quercetin [15], apigetrin, hyperoside, astragalin,
miquelianin, isoquercetin, quercetin-3-O-glucuronide (Q3G), and quercitrin [16], which
have been linked with its antioxidative and anti-inflammatory effects.

P. minor has garnered wide attention due to its potential cardiovascular health benefits
associated with its antioxidative and anti-inflammatory properties. The anti-inflammatory
and antioxidative properties of P. minor are well investigated in in vitro and in vivo animal
studies [17]. P. minor exhibits its antioxidative effect by directly scavenging superoxide
anions [18–20], inhibiting lipid peroxidation [21,22], and promoting superoxide dismutase
activity [17]. In comparison to the extensive literature on P. minor’s antioxidative effect,
studies on its anti-inflammatory effect remain scarce. In a previous study, the ethanolic
extract of P. minor leaves reduced inflammation by inhibiting cyclooxygenase (COX)-1,
COX-2, and 5-lipoxygenase activities in vitro. Additionally, P. minor aqueous extract re-
duces carrageenan-induced paw edema in rats [23]. The ethanolic extract of P. minor leaves
also protects the mouse aortic wall from the atherosclerotic changes induced by cadmium
chloride exposure. Cadmium chloride is an environmental pollutant that stimulates reac-
tive oxygen species formation and has been associated with endothelial dysfunction and
atherosclerosis development [24].

Even though P. minor has demonstrated an anti-atherosclerosis effect, the mechanism
underlying the anti-atherosclerosis effect of P. minor remains poorly understood. Therefore,
this study investigated the ability of P. minor to attenuate endothelial activation and mono-
cyte adherence to human umbilical vein endothelial cells (HUVEC), which are among the
pivotal early steps in the pathogenesis of atherosclerosis. Furthermore, NF-κB activation
was measured since it is the key transcription factor which modulates the expression of
cellular adhesion molecules. A greater understanding of this aspect might provide a better
insight on the prevention of endothelial activation and atherosclerosis.

2. Materials and Methods
2.1. Standardized Aqueous Extract of P. minor Leaves Preparation

P. minor leaves were supplied by Biotropics Malaysia Berhad and characterized by a
plant taxonomist in Institute of Bioscience, Universiti Putra Malaysia (specimen voucher
number: MFI 0112/19). The aqueous extract of P. minor leaves (PM) was optimized by
high-performance liquid chromatography (HPLC) to have at least 0.59% Q3G and 0.27%
quercitrin as bioactive compounds in accordance with Biotropics Malaysia Berhad’s in-
house HPLC procedures [25]. Briefly, fresh P. minor leaves were oven-dried to a moisture
content of less than 10%. The leaves were then cut into pieces and the extraction was carried
out by soaking the leaves in water (1:20 w/v) and percolating for two cycles at 80 ◦C for 4 h.
Subsequently, the extract was filtered, evaporated, and freeze-dried until it contained less
than 8% water by weight. Then, the HPLC fingerprint of PM was obtained using Kinetex
column 1.7 µm (C18, 2.1 × 150 mm). The mobile phase consisted of solvent X (0.10% formic
acid in water) and Y (0.10% formic acid in acetonitrile) mixed following a linear gradient
program of between 5–89% solvent X and 95–11% of solvent Y [25]. Peaks identified as
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Q3G and quercitrin at retention time (Rt) 7.332 and 14.632 min, respectively, were validated
by comparing their Rt and UV spectrum with the standards (Figure 1).
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Figure 1. HPLC profile of standardized aqueous extract of P. minor leaves. (A) The major peaks corre-
spond to quercetin-3-O-glucuronide at retention time (Rt) 7.332 min and quercitrin at Rt 14.632 min,
respectively. (B) Quercetin-3-O-glucuronide and quercitrin standards eluted at Rt 7.335 min and
14.597 min. (C) UV spectrum of quercetin-3-O-glucuronide with respect to its Rt. (D) UV spectrum of
quercitrin with respect to its Rt.

2.2. HUVEC Isolation and Culture

This study was authorized by the Research Ethics Committee of Universiti Kebangsaan
Malaysia Medical Centre (Study Code: UKM PPI/111/8/JEP-2019-671). Umbilical cords
were obtained from consenting donors at the labor room of Hospital Canselor Tuanku
Mukhriz, Malaysia. Informed consent was obtained from all the donors. HUVEC were
derived from fresh human umbilical cords using collagenase digestion (Gibco-Invitrogen
Corp., Grand Island, NY, USA) as previously reported [26]. HUVEC were identified by the
characteristic cobblestone morphology and expression of CD31 and vonWillebrand factor
by immunocytochemistry. The cells were cultivated in endothelial cell media (ScienCell
Research Laboratories, San Diego, CA, USA) at 37 ◦C in a humidified environment con-
taining 5% CO2 and 95% air. The medium was replaced every two days. For subsequent
experiments, HUVEC were subcultured at 80% confluency until they reached passage three.

2.3. Determination of Cytotoxicity and Optimal Dose of PM on HUVEC Viability by
3-(4,5-Dimethylthiazol-2-YI)-2,5-Diphenyltetrazolium Bromide (MTT) Assay

The effect of PM on HUVEC viability as measured by MTT assay was used to deter-
mine the extract’s cytotoxicity. In a 96-well plate, 5× 104 HUVEC were seeded per well and
incubated for 24 h to allow HUVEC to adhere. The cells were then exposed to PM for 24 h
at varied concentrations between 10–500 µg/mL. Then, in each well, 20 µL of MTT solution
was added. The supernatant was aspirated following 4 h of incubation, and the purple
formazan crystals generated in the wells were dissolved in 200 µL of dimethyl sulfoxide.
Using a multiplate reader, the absorbance of each well was measured at 570 nm. Since the
first stage of MTT assay showed that PM up to the dose of 500 µg/mL was not cytotoxic
to HUVEC, we proceeded with the second stage of MTT assay using a similar dose range
to establish the optimal dose of PM for further experiments. For the second stage of MTT
assay, HUVEC were pretreated with 10–500 µg/mL PM for 18 h, followed by induction
with 30 ng/mL TNF-α (R&D Systems, Abingdon, UK) for 6 h. The TNF-α concentration of
30 ng/mL was selected since it was the first concentration that decreased the viability of
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HUVEC significantly [26]. The MTT assay was then conducted as described to evaluate
HUVEC viability.

2.4. HUVEC Treatment Protocol

For all experiments, HUVEC at passage 3 were cultured until reaching 80% conflu-
ency. Subsequently, the cells were assigned to five groups: (1) control, (2) treatment with
300 µg/mL PM for 24 h, (3) induction with 30 ng/mL TNF-α for 6 h to stimulate inflam-
mation, (4) pretreatment with 300 µg/mL PM for 18 h followed by 30 ng/mL TNF-α for
6 h, and (5) pretreatment with 1.35 µg/mL Q3G for 18 h followed by 30 ng/mL TNF-α
for 6 h. The concentration of TNF-α used was based on its inhibitory effect on HUVEC
viability from a previous study [26]. Based on the results of the MTT assay described in
Section 2.3, the optimal dose of PM (300 µg/mL) was chosen. As PM contained 0.59% Q3G,
the dose of Q3G (1.35 µg/mL) was calculated based on the concentration of Q3G present in
300 µg/mL PM.

2.5. Measurement of ICAM-1 and VCAM-1 mRNA Expressions Using Quantitative Real-Time
Polymerase Chain Reaction (qPCR)

Total RNA was isolated from HUVEC using TRI reagent (Molecular Research Cen-
tre, Cincinnati, OH, USA) based on the reagent’s protocol. The total RNA was con-
verted to cDNA with SuperScript® III First-Strand Synthesis SuperMix for qPCR kit
(Invitrogen, Carlsbad, CA, USA). qPCR was done according to the method published
by Ugusman et al. [27] using QuantiNova SYBR® Green PCR Kit (Qiagen, German-
town, MD, USA). The PCR reaction consisted of cDNA, SYBR® Green PCR Master Mix,
forward and reverse primers, and RNAse- and DNAse-free distilled water. The se-
quence of the forward and reverse primers used were as follows: GAPDH (GenBank
accession no: NM_002046), forward: 5′- TCCCTGAGCTGAACGGGAAG-3′, reverse: 5′-
GGAGGAGTGGGTGTCGCTGT-3′; ICAM-1 (GenBank accession no: NM_000201), forward:
5′- CAGTCACCTATGGCAACGACT-3′, reverse: 5′- CTCTGGCTTCGTCAGAATCAC-3′;
VCAM-1 (GenBank accession no: NM_ 001078), forward: 5′- AGTTGAAGGATGCGGGAG
TAT-3′, reverse: 5′- GGATGCAAAATAGAGCACGAG-3′. Using CFX96TM Real-Time PCR
Detection system (Biorad, USA), PCR was conducted with an initial denaturing step at
95 ◦C for 3 min; 40 cycles of 61 ◦C for 30 s, 95 ◦C for 1 min, 55 ◦C for 1 min, 70 cycles
of 60 ◦C for 10 s; and ended by a cooling step at 4 ◦C. Each analysis was carried out in
duplicates. The melting curves were analyzed to confirm the specificity of the reaction.
The threshold cycle (CT) values were obtained, and the mRNA expression of ICAM-1 and
VCAM-1 was determined as follows:

Relative mRNA expression = 2−∆∆CT

∆∆CT = CT GAPDH − CT gene of interest

2.6. Measurement of Protein Levels of ICAM-I and VCAM-1 in HUVEC Using Enzyme-Linked
Immunosorbent Assay (ELISA)

Human VCAM-1 and ICAM-1 ELISA kits (Qayee-Bio, China) were used to assess
VCAM-1 and ICAM-1 protein levels in HUVEC. The assay was conducted in accordance
with the kit’s protocol. The culture medium was removed and HUVEC were washed once
with phosphate-buffered saline (PBS). Then, lysis buffer was added to the cells prior to
scraping and collecting the cell lysates in microcentrifuge tubes. The cell lysates were
put on ice for 30 min. Following this step, the cell lysates were centrifuged for 10 min at
8000 rpm. Supernatants containing the cell extract were collected and used as samples for
ELISA. The samples were added into a plate coated with human anti-ICAM-1 and -VCAM-
1. Next, horseradish peroxidase (HRP)-conjugated avidin and tetramethylbenzidine (TMB)
substrate were pipetted into the plate prior to the stop solution. At 450 nm, the plate’s
optical density was measured. Total protein levels in HUVEC samples were measured
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using the Bradford technique [28]. The protein levels of ICAM-1 and VCAM-1 in HUVEC
were normalized to the amount of total protein in the samples.

2.7. Measurement of Monocyte Adhesion to HUVEC

HUVEC were washed with PBS according to the procedure outlined in Section 2.4.
Subsequently, 1 × 105 U937 monocytes (ATCC® CRL-1593.2TM) were added to HUVEC
and incubated at 37 ◦C for 30 min. Following the 30 min incubation period, the unattached
U937 monocytes were washed away using PBS. Under an inverted light microscope, the
U937 cells that adhered to the surface of HUVEC were recognized and calculated [29].

2.8. Measurement of NF-kB p65 Levels in HUVEC

Human NF-κB p65 subunit ELISA kit (Elabscience, Houston, TX, USA) was utilized to
determine NF-κB p65 concentration in the nuclear extract of HUVEC. The procedures were
done in conformity with the manufacturer’s guidelines. Nuclear extract of HUVEC was
prepared by sonicating HUVEC samples, followed by diluting the cells in lysis buffer and
centrifuging for 20 min at 8000 rpm. The samples were pipetted into NF-κB p65-coated
plate and incubated for 2 h. Then, HRP-conjugated streptavidin, TMB substrate and stop
solution were added. The plate absorbance was recorded at 450 nm wavelength. The
level of NF-κB p65 in HUVEC nuclear extract was normalized with the sample’s total
protein content.

2.9. Data Analysis

The results were analyzed using the GraphPad Prism8 software (GraphPad, San Diego,
CA, USA). Kolmogorov–Smirnov test was performed to assess the data normality. The data
are presented as mean ± standard error for mean (SEM). One-way ANOVA with post-hoc
Tukey test was used to assess the statistical difference between the groups. p values < 0.05
were taken as statistically significant.

3. Results
3.1. PM Improved the Viability of HUVEC Exposed to TNF-α

Treatment with various concentrations of PM ranging from 10 to 500 µg/mL did not
have a cytotoxic effect on HUVEC as the cell viability was above 90% for all concentrations
tested (Figure 2A). In the second stage of MTT assay (Figure 2B), HUVEC stimulated with
TNF-α had significantly reduced cell viability compared with the control cells (p < 0.001).
Pretreatment of TNF-α-induced HUVEC with PM (100–500 µg/mL) dose-dependently
increased cell viability (p < 0.001–0.01). PM at a concentration of 300 µg/mL was the first dose
that increased TNF-α-induced HUVEC viability to a level comparable with the control group.
Therefore, 300 µg/mL PM was chosen as the optimal dose for subsequent experiments.

3.2. Effect of PM on ICAM-1 and VCAM-1 mRNA Expression and Protein Levels in HUVEC

Treatment with PM alone had no significant effect on ICAM-1 and VCAM-1 mRNA
expression and protein levels compared to the control group (Figure 3). In the TNF-α
group, mRNA expression of ICAM-1 and VCAM-1 was upregulated by 250-fold (p < 0.001)
and 900-fold (p < 0.001), respectively. Consequently, HUVEC treated with TNF-α also
showed higher protein levels of ICAM-1 (p < 0.001) and VCAM-1 (p < 0.01) compared to the
control group. Treatment of TNF-α-induced HUVEC with PM attenuated ICAM-1 mRNA
expression (p < 0.001) and protein levels (p < 0.05), as well as VCAM-1 mRNA expression
(p < 0.01) and protein levels (p < 0.001). Similarly, treatment with Q3G reduced ICAM-1
mRNA expression (p < 0.001) and protein levels (p < 0.05), as well as VCAM-1 mRNA
expression (p < 0.05) and protein levels (p < 0.01). There was no significant difference in
the mRNA expression and protein levels of ICAM-1 and VCAM-1 between the PM and
Q3G group.
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Figure 2. Effect of standardized aqueous extract of P. minor leaves (PM) on the viability of tumor
necrosis factor (TNF)-α-induced human umbilical vein endothelial cells (HUVEC). (A) Toxicity of
PM in HUVEC was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay following treatment with 10–500 µg/mL PM for 24 h. (B) HUVEC were pretreated with
10–500 µg/mL PM for 18 h, followed by exposure to 30 ng/mL TNF-α for 6 h, then the cell viability
was measured. Values are shown as the mean ± SEM, n = 6–12 (* p < 0.05; ** p < 0.01; *** p < 0.001 vs.
control. ## p < 0.01; ### p < 0.001 vs. TNF-α).

3.3. Effect of PM on U937 Monocyte Adhesion to HUVEC

Microscopic examination showed that exposure to TNF-α increased monocyte adhe-
sion to HUVEC and the effect was reduced when HUVEC were treated with PM and Q3G
(Figure 4A). Quantitative analysis confirmed that PM alone did not cause any significant
change in adhesion of monocytes to HUVEC compared to the control group (Figure 4B).
Exposure to TNF-α increased monocyte adhesion to HUVEC compared to the control group
(p < 0.001). Monocyte adhesion decreased when TNF-α-induced HUVEC were treated with
PM (p < 0.05) and Q3G (p < 0.01) compared to the TNF-α group. There was no significant
difference in adhesion of monocytes to HUVEC between the PM and Q3G group.
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Figure 4. (A) Microscopic examination showing reduced number of U397 monocytes that adhered to
tumor necrosis factor (TNF)-α-induced human umbilical vein endothelial cells (HUVEC) pretreated
with standardized aqueous extract of P. minor leaves (PM) and quercetin-3-O-glucuronide (Q3G)
(magnification: ×40, scale bar: 100 µM). (B) Quantitative analysis of monocyte adhesion to HUVEC.
Values are expressed as mean ± SEM, n = 6 (*** p < 0.001 vs. control. # p < 0.05; ## p < 0.01 vs. TNF-α).
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3.4. Effect of PM on NF-κB p65 Level in HUVEC Nuclear Extract

The nuclear extract of HUVEC treated with PM alone did not demonstrate any sig-
nificant difference in the level of NF-κB p65 when compared to the control (Figure 5).
However, stimulation of HUVEC with TNF-α led to a higher level of NF-κB p65 compared
to the control (p < 0.05). When TNF-α-induced HUVEC were treated with PM, the level
of NF-κB p65 was lower compared to the TNF-α group (p < 0.001). Similarly, treatment of
TNF-α-induced HUVEC with Q3G also decreased the NF-κB p65 level (p < 0.05). The levels
of NF-κB p65 in PM and Q3G groups were not statistically different.
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Figure 5. Nuclear factor kappaB (NF-κB) p65 levels in the nuclear extract of human umbilical vein
endothelial cells (HUVEC). Values are expressed as mean ± SEM, n = 7 (* p < 0.05 vs. control.
# p < 0.05; ### p < 0.001 vs. TNF-α). PM, standardized aqueous extract of P. minor leaves; Q3G,
quercetin-3-O-glucuronide; TNF-α, tumor necrosis factor-α.

4. Discussion

Using TNF-α-induced HUVEC as the in vitro model of vascular inflammation and
atherogenesis, in this study, we demonstrated that PM and its bioactive compound, Q3G,
have a protective effect against endothelial activation in atherogenesis by inhibiting TNF-α-
induced activation of NF-κB, expression of adhesion molecule and adhesion of monocytes
to HUVEC. The mRNA expression and protein levels of VCAM-1 and ICAM-1 were remark-
ably increased in TNF-α-induced HUVEC. Consequently, monocyte adhesion to HUVEC
also increased in response to TNF-α. These results were congruent with a prior study in
which TNF-α stimulated VCAM-1 and ICAM-1 expression, which enhanced monocyte ad-
herence to HUVEC [30]. Monocyte-endothelial cell adhesion is one of the key inflammatory
steps in the development of atherosclerosis. In the early stage of atherogenesis, upregula-
tion of cellular adhesion molecules at the endothelial lining is responsible for promoting
the adherence of circulating monocytes to the endothelial surface [31]. This is followed by
the migration of the monocytes to the subendothelial layer before they transform into foam
cells and macrophages, which are parts of an atherosclerotic plaque [3,32].

We demonstrated that TNF-α-induced VCAM-1 and ICAM-1 mRNA expression and
protein levels were attenuated by PM. The decrease in the expression of cellular adhesion
molecules subsequently hindered monocyte adherence to HUVEC. These effects of PM are
most likely contributed by Q3G as treatment with Q3G also produced similar, comparable
effects. The findings are consistent with an earlier study that showed Q3G inhibits ICAM-1
and VCAM-1 expression in HUVEC stimulated with TNF-α [33]. In contrast, Q3G has no
suppressive effect on ICAM-1 expression in TNF-α-induced HAEC and human vascular
smooth muscle cells [34,35]. Although cultured endothelial cells are commonly used to
represent the vascular endothelium, endothelial cells from different vascular beds respond
in distinct ways to various cytokines like TNF-α [36].

To examine the influence of PM in the transcriptional control of VCAM-1 and ICAM-
1 expression, we measured the amount of NF-κB p65 in the nuclear extract of TNF-α-



Life 2022, 12, 1462 9 of 11

stimulated HUVEC. The results indicated that when HUVEC was induced with TNF-α, the
amount of NF-κB p65 surged in the nuclear extract. TNF-α stimulates phosphorylation of
IkB, an inhibitory protein that keeps NF-κB inactive in the cell cytoplasm. Following the
breakdown of IkB, NF-κB moves from the cytoplasm to the nucleus and binds to specific
sequences of DNA, hence activating the target gene transcription. NF-κB p65 subunit is
required to commence target gene transcription [37,38]. NF-κB binding to the promoters
of VCAM-1 and ICAM-1 enhances their gene expression, which eventually stimulates
monocyte adherence to the endothelium [39].

As treatment with PM and Q3G reduced NF-κB p65 levels, the decline in ICAM-1
and VCAM-1 levels in TNF-α-induced HUVEC with PM and Q3G treatment was partially
mediated by inhibition of NF-κB activation. Previous study showed that Q3G reduces
inflammation and NF-κB activation in HUVEC by inhibiting p65 phosphorylation [40]. In
addition to NF-κB, TNF-α also activates other transcription factors, including activator
protein-1 (AP-1) via the mitogen-activated protein kinase (MAPK) signaling pathway.
AP-1 is involved in the stimulation of VCAM-1 and ICAM-1 expression [41]. However,
the influence of PM on AP-1 activity is not evaluated in this study, hence the need for
further investigation.

5. Conclusions

P. minor attenuates TNF-α-induced expression of cellular adhesion molecules and
adherence of monocytes to endothelial cells. Suppression of the adhesion of monocytes to
endothelial cells by P. minor is potentially achieved via a reduction in NF-κB activation. The
positive effects of P. minor are most probably mediated by its bioactive compound, Q3G.
These findings suggest that P. minor can be a protective agent against endothelial activation,
which is related to the early phase of atherosclerosis. However, apart from NF-κB, this
study does not assess the involvement of other transcription factors such as AP-1 that
may also modulate the cellular adhesion molecules expression through the MAPK signal
transduction pathway. Studies that evaluate the role of PM in modulating inflammation
via the MAPK pathway as well as in vivo studies involving atherosclerosis animal models
are required to further support these in vitro study findings.
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