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Abstract
Reverse cholesterol transport (RCT), which plays a critical role in the export of cholesterol from peripheral cells, is one
of the processes employed in the management and treatment of atherosclerosis. RCT requires cholesterol efflux from
macrophages in the subintima of the vessel wall. ATP-binding cassette transporters A1 and G1 transfer cholesterol from
arterial macrophages to extracellular high-density lipoprotein cholesterol. The high-density lipoprotein (HDL) then carries the esterified cholesterol to the liver, where it is eliminated. HDL is an essential element in RCT and extracellular
cholesterol excretion. By modifying the processes of RCT and cholesterol efflux, it is possible to inhibit atherogenesis,
which might lead to innovative treatments for cardiovascular disease. New modifying factors for RCT and cholesterol
efflux must be investigated. Through study, a deeper knowledge of RCT’s molecular processes has been achieved, enabling the development of novel therapies that exploit RCT’s pharmacological potential. This review aims to stimulate
discourse on the possible influence of certain flavonoids on cholesterol efflux on the evolution of atherosclerosis.
Keywords: Cholesterol efflux, flavonoids, HDL, quercetin, reverse cholesterol transport

C

ardiovascular and cerebrovascular illnesses and lipid metabolic abnormalities are both linked to the development
and progression of atherosclerosis. A buildup of macrophages
in blood arteries causes macrophages to become foam cells,
which release intracellular cholesterol, causing the development
of atherosclerosis (Fig. 1) [1]. When atherosclerosis first begins,
oxidized low-density lipoprotein (ox-LDL) and other inflammatory mediators stimulate the conversion of mononuclear cells to
macrophages in the endothelium gap. As a result, macrophages
take up ox-LDL, resulting in the production of cholesterol ester
(CE) and foam cells. Foam cells contribute to the earliest pathogenic alterations that result in atherosclerosis [2].
Multiple interdependent mechanisms participate in lipid
metabolism, including hepatic production of very low-density lipoprotein, absorption of fatty acids by adipocytes,
and lipolysis; skeletal muscle and/or adipose tissue; transfer outside of the liver by low-density lipoprotein (LDL); and
removing excess cholesterol by high-density lipoprotein
cholesterol (HDL-C). Cardiovascular events are the main
cause of mortality in the world, and dyslipidemia (low-density lipoprotein cholesterol (LDL-C) and HDL-C levels) is a key
contributor [3]. Cardiovascular disease (CVD) may be pre-

dicted by an increase in the quantity of LDL-C. HDL-C has an
inverse correlation with coronary heart disease incidence [3].
The capacity to take cholesterol from cells and to induce reverse cholesterol transport (RCT) is the antiatherogenic activity of high-density lipoprotein (HDL) that is well understood.
The RCT method has been studied a lot in both people and animal models of atherosclerosis and has been shown to be useful [4]. Cholesterol efflux capacity, an in vitro experiment created to quantify the first stage of RCT, has been demonstrated
to correlate with cardiovascular risk in many human cohorts,
suggesting the atheroprotective effect of RCT in humans.
Statins, or inhibitors of hydroxymethyl glutaryl coenzyme
A reductase, are one of the most often prescribed families
of drugs globally. They have existed for about two decades.
Generally, the majority of patients appear to be safe to utilize
statin medications. However, individuals with various medical
comorbidities are at a greater risk of statin-related side effects
with long-term therapy [5]. Thus, the focus is now on plantbased substances that contain antiatherosclerotic action and
may benefit human health. This may ultimately prevent potential adverse health consequences of long-term statin use.
Over the last few decades, several studies on bioactive sub-
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Figure 1. Mechanism of the atherosclerosis process. CD36 and SR-A increase ox-LDL uptake. In the case of atherosclerosis, cholesterol efflux
and the levels of ABCA1, ABCG1, SR-B1 are decreased.
NO: Nitric oxide; ROS: Reactive oxygen species; LDL: Low-density lipoprotein; Ox-LDL: oxidized LDL; RBCs: Red blood cells; ICAM-1: Intercellular adhesion molecule 1; MCP-1:
Monocyte chemoattractant protein-1; VCAM-1: Vascular cell adhesion molecule 1; CD36: CD36 molecule; SR-A: Class A macrophage scavenger receptor; ABCA1: ATPbinding cassette subfamily A member 1; ABCG1: ATP-binding cassette subfamily G member 1; SR-B1: Scavenger receptor class B type 1; VSMC: Vascular smooth muscle cells.

stances and their potential therapeutic properties have been
conducted [6, 7]. Bioactive substances have shown promising
outcomes in certain trials, but further research on functional
foods and bioactive molecules is needed. Therefore, this review aims to stimulate debate on the possible influence of certain flavonoids on RCT on the development of atherosclerosis.
Two different treatments are available to increase the body’s
ability to excrete cholesterol. Improving cellular cholesterol
efflux by targeting macrophages is one approach. The nuclear
receptor liver-X-receptor (LXR) agonism is one of the mechanisms that increase macrophage efflux capability [7]. LXRα
and LXRβ are nuclear receptors that have essential functions
in the transcriptional regulation of lipid metabolism. In response to increased cellular cholesterol levels, The transcriptional activity of LXRs is stimulated. LXRs bind to and control
the expression of genes encoding proteins that engage in
cholesterol absorption, transport, efflux, excretion, and conversion to bile acids. The coordinated, tissue-specific activities
of the LXR pathway govern immunological and inflammatory
responses and preserve systemic cholesterol homeostasis [8].

Two of the first identified LXR responsive factors, ATP-binding cassette transporters ATP-binding cassette subfamily A
member 1 (ABCA1) and ATP-binding cassette subfamily G
member 1 (ABCG1), primarily promote cellular cholesterol efflux. Enhancing HDL cholesterol efflux acceptor functioning is
another technique for increasing cholesterol efflux capacity.
Infusions of apolipoprotein A-I (apoA-I) might be a novel treatment for preventing coronary artery disease (CAD) [9]. apoA-I
is the predominant protein component of HDL particles, and
it exerts important atheroprotective benefits against CAD,
including antioxidant, anti-inflammatory, antithrombotic,
and nitric oxide-promoting properties [10]. Nuclear receptors such as the peroxisome proliferator-activated receptor-γ
(PPAR-γ) are abundant in atherosclerotic plaque macrophages
and foam cells. They have been linked to an increase in ABCA1
expression and apoA-I activity. Autonomous apoE plays a vital
function in cellular cholesterol homeostasis among various
lipoproteins. In mice, the absence of the apoE receptor gene
led to an increase in atherosclerosis [11]. Additionally, inhibition of CETPs might help improve efflux capability [12].
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Flavonoids
Fruits, vegetables, grains, bark, roots, stems, flowers, tea, and
wine contain flavonoids, a collection of naturally occurring
chemicals with varying phenolic structures. Subgroups of
flavonoids include flavones, flavonols, flavanones, flavanonols,
flavanols, catechins, anthocyanins, and chalcones [13]. Epidemiological studies have demonstrated that flavonoid-rich
diets may lower the incidence of CVD [14]. Dietary flavonoid
consumption has been linked to a reduced risk of CVD because
of its antioxidant and anti-inflammatory properties. It is possible that these characteristics may increase HDL-C, cholesterol
efflux, and RCT. Flavonoids commonly found in foods and their
mechanisms of action for increasing cholesterol efflux and reversing cholesterol transport are listed in the following sections.
Quercetin
For the treatment of CVDs, flavonoids such as quercetin
(3,4,3,5,7-pentahydroxyflavone) have received a lot of interest
[15, 16]. According to scientific research, flavonoid quercetin
has anti-inflammatory, antioxidant, and lipid metabolic properties [17, 18]. Foam cell development and aberrant lipid
metabolism are early indicators of atherosclerosis in patients
with CVD [19, 20]. Because quercetin inhibits the production
of foam cells, it may be an important factor in lowering the
prevalence of atherosclerosis [21]. Regulation of ABCA1 gene
expression has been linked to transcription factor-mediated
mechanisms, as well as mitogen-activated protein kinase
(MAPK) signaling pathways. MAPKs are essential upstream
regulators of the NF-κB signaling cascade in inflammatory
and immunological responses [22]. It has been shown that
quercetin may have antiatherosclerosis advantages by inhibiting the expression of scavenger receptors such as SR-A and
CD36 in macrophages and preventing the free radical-mediated oxidative alteration of LDL [23]. An essential lipid regulating protein, PCSK9, proprotein convertase subtilisin/kexin
type 9 (PCSK9), is involved in lipid metabolism and the process
of apoptosis [24]. Preliminary findings show that PCSK9 is increased in macrophages, resulting in an inflammatory reaction and an increase in cholesterol levels by blockage of RCT
[25]. The overexpression of ABCA1 by PCSK9 inhibitors may
also increase macrophage cholesterol efflux [26]. Quercetin
therapy led to the downregulation of PCSK9 and CD36 protein
expression and the overexpression of PPAR, LXRα, and ABCA1
protein expression in the aorta and hepatic tissue, respectively
[27]. Furthermore, quercetin inhibits oxidative modification of
LDL-induced lipid droplets in RAW264.7 cells by increasing
ABCAl, ABCG1, and LXR and decreasing PCSK9 [28].
Kaempferol
Kaempferol (3,4,5,7-tetrahydroxyflavone) has been the subject of several studies, and the results demonstrate that
consuming foods high in kaempferol lowers the risk of CVD
[29, 30]. Furthermore, kaempferol increased the levels of
ABCA1, ABCG1, and SR-BI protein expression in THP-1-derived
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macrophages in a dose-dependent manner [31]. Kaempferol
stimulated macrophage cholesterol efflux and influenced the
expression of LXR-related genes in macrophages, hepatocytes, and intestinal cells, according to Hoang et al. [32].
Myricetin
Several studies have revealed that myricetin (3,3,4,5,5,7-hexahydroxyflavone) has anti-inflammatory and antioxidative
effects [33, 34]. However, myricetin’s role in lipid metabolism
and atherosclerosis is still a mystery. When myricetin was
used to treat macrophages, it was revealed that CD36 expression was reduced, which is consistent with the decreased
ability of macrophages to accept modified LDL. Because
myricetin reduces CD36, it helps reduce cholesterol buildup
in macrophages. Furthermore, Meng et al. [35] showed that
myricetin-treated macrophages were less likely to form foam
cells, which may be due to myricetin’s ability to inhibit cholesterol esterification. Lian et al. [36] demonstrated that the treatment of U937-derived macrophages with myricetin reduced
CD36 cell surface protein and mRNA expression.
Naringenin
Many studies have focused on the use of naringenin (4,5,7-trihydroxyflavanone) in the treatment of atherosclerosis [37-40].
There are several citrus flavanones, including naringenin, which
may be found in citrus fruits such as oranges and grapefruits [37].
Some animal investigations have shown that naringenin raises
HDL-C levels [38]. Naringenin improved cholesterol efflux by
nearly five times as much as apoA-I individually, in accordance
with elevated ABCA1 and ABCG1 expression. For macrophages,
naringenin upregulated LXRα mRNA and protein levels as well
as its target genes via AMP-activated protein kinase (AMPK)dependent mechanisms [39]. Naringenin enhanced cholesterol efflux to both apoA-I and HDL and gene expressions of
ABCA1, ABCG1, and LXR in RAW264.7 macrophages, as shown
by Xu et al. [40]. The effects of naringenin were attributed to its
ability to block the ER stress-ATF6 pathway. The modulation of
cholesterol efflux by naringenin was mediated through the ATF6
component of ER stress and the PI3K/AKT pathway [40]. At the
molecular and protein levels, Naringenin activated LXR in THP1 macrophages, altering the expression of LXRα target genes
ABCA1, ABCG1, and sterol regulatory element-binding protein
1c (SREBP-1c). LXRα and its target genes in human macrophages
are upregulated by naringenin through AMPK modulation [37].
Catechin
Citrus juice, chocolate, tea, and wine contain flavanol or flavan3-ol substances such as catechins [41]. Catechin intake is associated with an increase in HDL levels and a decrease in atherosclerosis that may be due to the ABCG1 and ABCA1 genes being
activated. Catechins may have antiatherogenic benefits owing
to increased expression of ABCA1, ABCA1, and scavenger receptor class B type I (SRB1) through stimulation of the liver X recep-
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Figure 2. Effect of flavonoids on cholesterol efflux capacity.
SR-A: Class A macrophage scavenger receptor; CD36: CD36 molecule; ABCG1: ATP-binding cassette subfamily G member 1; LXR: Nuclear receptors liver-X-receptors; HDL:
High-density lipoprotein; PON1: Paraoxonase-1; PCSK9: Proprotein convertase subtilisin/kexin type 9; PPAR/LXR pathway: Peroxisome proliferator-activated receptors/
Nuclear receptors liver-X-receptors pathway; SR-B1: Scavenger receptor class B type 1; TAK1: TGFβ activated kinase 1; MKK3/6: Mitogen-activated kinase 3/6; ABCA1: ATPbinding cassette subfamily A member 1.

tor signaling pathway. Hepatic SRB1 has been labeled as a positive regulator of macrophage RCT and as a receptor for HDL CE.
SRB1 is required for the macrophage RCT to function. Catechins
promote cholesterol efflux at all dosages through upregulated
mRNA ABCA1. ABCA1, ABCG1, and SRB1 are expressed through
the interleukin-1 receptor-associated kinase 1 (IRAK1) and tollinteracting protein (TIP) pathways (Tollip). By suppressing the
expression of nuclear receptors such as retinoic acid receptor
α (RARα) regulated by glycogen synthase kinase-3β (GSK3β),
IRAK1 and Tollip are inhibited. The suppression of nuclear receptors such as RARα-mediated GSK3 influences expression. As
an antagonist, IRAK-M causes IRAK1 to regulate SRB1 and efflux
cholesterol from the macrophage [42]. Catechins also stimulate
TGFβ-activated kinase 1 (TAK1) and mitogen-activated kinase
3/6 (MKK3/6) to increase ABCA1 expression. The phosphorylation of p38 is induced by TAK1 signaling and MKK3/6. Activated
p38 increases ABCA1 expression by making it easier for SP1 and
LXR to bind to the ABCA1 promoter [43].
Anthocyanins
According to several studies, phenolic flavonoids such as anthocyanins, which are the major water-soluble pigments in a

wide variety of berries and red and blue vegetables, are the
most abundant water-soluble pigments in the world [44].
In vitro, anthocyanins promoted the efflux of cholesterol
from lipid-laden macrophage foam cells [45]. Paraoxonase-1
(PON1) activity alterations in hypercholesterolemic HDL
suggest that HDL’s cholesterol efflux capacity has improved,
which might be related to anthocyanin’s cardioprotective
properties [46]. Treatment to raise serum PON1 activity improved HDL-mediated macrophage cholesterol efflux from
arterial macrophage foam cells, thereby aiding to the regression of atherosclerosis [47]. Anthocyanins stimulate ABCA1
expression and cholesterol efflux through an LXR-dependent
mechanism, according to Du et al. [48]. Increasing the dosage
of anthocyanin supplementation has been shown to promote cholesterol efflux in many experimental models. A daily
anthocyanin supplementation dose of 320 mg improved the
lipid profiles and cholesterol efflux capacity in dyslipidemic
patients [46]. Millar et al. [49] found that 24 weeks of anthocyanin intake increased apoE/mouse CEC by 64% and 85%,
respectively. Protocatechuic acid is formed from the cyanidin-3-O-glucoside of anthocyanins, which are absorbed from
the intestines and converted to various compounds, including anthocyanins (Cy-3-G).
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Conclusion
The purpose of this study is to stimulate debate on the possible influence of certain flavonoids on cholesterol efflux in the
course of atherosclerosis (Fig. 2). There are a few limitations to
the cholesterol efflux capacity test that must be considered.
It is difficult to standardize cellular tests, making them unsuitable for clinical use. As a result, the test assesses just one
component of the RCT route without addressing the effectiveness of individuals’ macrophages to efflux cholesterol or
the hepatic absorption of macrophage-derived cholesterol in
humans [50]. The bioactive substances indicated in the study
exhibited limited bioavailability and/or considerable gastrointestinal metabolism, which made it difficult to translate the in
vitro findings to human physiology. Because of this, tests on
animals and people are needed to confirm the promising results seen in vitro.
Transporters are used by polyphenols to remove cholesterol
from macrophages. RCT starts with the effluxion of cholesterol from macrophage foam cells. ABCA1 is responsible for
the removal of lipid-free or lipid-poor apoA-I particles from
the circulation, whereas ABCG1 is responsible for the removal
of mature HDL particles. Raising HDL and apoA-I levels can
stimulate cholesterol efflux, increasing pathways involving
ABCA1/G1 and SR-BI. Each of these routes might benefit from
the addition of phytochemicals. This review demonstrates
that several phytochemicals have a positive effect on cholesterol efflux. If the ability to get rid of cholesterol is a big part of
preventing atherosclerosis, then other pathways that may be
controlled by the same bioactive metabolites may play a role
in protecting against atherosclerosis.
Conflict of Interest: None declared.
Financial Disclosure: None declared.
Peer-review: Externally peer-reviewed.

References
1. Lu YP, Jia Y. Quercetin upregulates ABCA1 expression through
liver X receptor alpha signaling pathway in THP-1 macrophages.
Eur Rev Med Pharmacol Sci 2016;20(18):3945–52.
2. Yu X H, Fu YC, Zhang DW, Yin K, Tang CK. Foam cells in atherosclerosis. Clin Chim Acta 2013;424:245–52. [CrossRef ]
3. Marques LR, Diniz TA, Antunes BM, Rossi FE, Caperuto EC, Lira
FS, et al. Reverse cholesterol transport: molecular mechanisms and the non-medical approach to enhance HDL cholesterol. Front Physiol 2018;9:526. [CrossRef ]
4. Zanotti I, Potì F, Cuchel M. HDL and reverse cholesterol transport in humans and animals: Lessons from pre-clinical models and clinical studies. Biochim Biophys Acta Mol Cell Biol
2022;1867(1):159065. [CrossRef ]
5. Ramkumar S, Raghunath A, Raghunath S. Statin therapy:
Review of safety and potential side effects. Acta Cardiol Sin
2016;32(6) 631–9.

Int J Med Biochem

6. Ayoub M, De Camargo AC, Shahidi F. Antioxidants and bioactivities of free, esterified and insoluble-bound phenolics from
berry seed meals. Food Chem 2016;197:221–32. [CrossRef ]
7. Soltani S, Boozari M, Cicero A, Jamialahmadi, T, Sahebkar
A. Effects of phytochemicals on macrophage cholesterol
efflux capacity: Impact on atherosclerosis. Phyther Res
2021;35(6):2854–78.
8. Wang B, Tontonoz P. Liver X receptors in lipid signaling and
membrane homeostasis. Nat Rev Endocrinol 2018;14(8):452–63.
9. Karjalainen MK, Holmes MV, Wang Q, Anufrieva O, Kähönen,
M, Lehtimäki, T, et al. Apolipoprotein A-I concentrations, and
risk of coronary artery disease: A Mendelian randomization
study. Atherosclerosis 2020;299:56–63. [CrossRef ]
10. Muscella A, Stefano E, Marsigliante S. The effects of exercise
training on lipid metabolism and coronary heart disease. Am
J Physiol Heart Circ Physiol 2020;319(1):H76–H88. [CrossRef ]
11. Yu R, Lv Y, Wang J, Pan N, Zhang R, Wang X, et al. Baicalin promotes cholesterol efflux by regulating the expression of SR-BI
in macrophages. Exp Ther Med 2016;12(6):4113–20.
12. Xue Z, Zhang Q, Yu W, Wen H, Hou X, Li D, et al. Potential lipidlowering mechanisms of biochanin A. J Agric Food Chem
2017;65(19):3842–50. [CrossRef ]
13. Panche SR, Diwan AN, Chandra AD. Flavonoids: an overview. J
Nutr Sci 2016;5:e47. [CrossRef ]
14. Pallauf K, Duckstein N, Rimbach G. A literature review of
flavonoids and lifespan in model organisms. Proc Nutr Soc
2017;76(2):145–62. [CrossRef ]
15. Elbarbry AM, Abdelkawy F, Moshirian K, Abdel-Megied N. The
antihypertensive effect of quercetin in young spontaneously
hypertensive rats; role of arachidonic acid metabolism. Int J
Mol Sci 2020;21(18):6554. [CrossRef ]
16. Cui Y, Hou P, Li F, Liu Q, Qin S, Zhou G, et al. Quercetin improves
macrophage reverse cholesterol transport in apolipoprotein Edeficient mice fed a high-fat diet. Lipids Health Dis 2017;16(1):9.
17. Tabrizi R, Tamtaji OR, Mirhosseini N, Lankarani KB, Akbari M,
Heydari ST, et al. The effects of quercetin supplementation on
lipid profiles and inflammatory markers among patients with
metabolic syndrome and related disorders: A systematic review and meta-analysis of randomized controlled trials. Crit
Rev Food Sci Nutr 2020;60(11):1855–68.
18. Jiang YH, Jiang LY, Wang YC, Ma DF, Li X. Quercetin attenuates
atherosclerosis via modulating oxidized LDL-induced endothelial cellular senescence. Front Pharmacol 2020;11:512.
19. Marchio P, Guerra-Ojeda S, Vila JM, Aldasoro M, Victor VM,
Mauricio MD. Targeting early atherosclerosis: A focus on
oxidative stress and inflammation. Oxid Med Cell Longev
2019;2019:8563845. [CrossRef ]
20. Wang D, Yang Y, Lei Y, Tzvetkov NT, Liu X, Yeung A, et al. Targeting foam cell formation in atherosclerosis: Therapeutic potential of natural products. Pharmacol Rev 2019;71(4):596–670.
21. Cao H, Jia Q, Yan L, Chen C, Xing S, Shen D. Quercetin suppresses
the progression of atherosclerosis by regulating MST1-mediated autophagy in ox-LDL-Induced RAW264.7 macrophage
foam cells. Int J Mol Sci 2019;20(23):6093. [CrossRef ]
22. Kim KN, Ko SC, Ye BR, Kim MS, Kim J, Ko EY, et al. 5-Bromo-

Ayoub, Effects of flavonoids on cholesterol efflux capability / doi: 10.14744/ijmb.2022.96977

2-hydroxy-4-methyl- benzaldehyde inhibited LPS induced
production of pro-inflammatory mediators through the inactivation of ERK, p38, and NF-kappa B pathways in RAW 264.7
macrophages. Chem Biol Interact 2016;258:108–14. [CrossRef ]
23. Shao D, Lian Z, Di Y, Zhang L, Rajoka M, Zhang Y, et al. Dietary
compounds have potential in controlling atherosclerosis by
modulating macrophage cholesterol metabolism and inflammation via miRNA. NPJ Sci Food 2018;2:13. [CrossRef ]
24. Cui Q, Ju X, Yang T, Zhang M, Tang W, Chen Q, et al. Serum
PCSK9 is associated with multiple metabolic factors in a large
Han Chinese population. Atherosclerosis 2010;213(2):632–6.
25. Paciullo F, Fallarino F, Bianconi V, Mannarino M R, Sahebkar
A, Pirro M. PCSK9 at the crossroad of cholesterol metabolism and immune function during infections. J Cell Physiol
2017;232(9):2330–8. [CrossRef ]
26. Adorni MP, Cipollari E, Favari E, Zanotti I, Zimetti F, Corsini
A, et al. Inhibitory effect of PCSK9 on Abca1 protein expression and cholesterol efflux in macrophages. Atherosclerosis
2017;256:1–6. [CrossRef ]
27. Jia Q, Cao H, Shen D, Li S, Yan L, Chen C, et al. Quercetin protects against atherosclerosis by regulating the expression
of PCSK9, CD36, PPARγ, LXRα and ABCA1. Int J Mol Med
2019;44(3):893–902. [CrossRef ]
28. Li S, Cao H, Shen D, Jia Q, Chen C, Xing SL. Quercetin protects against ox‑LDL‑induced injury via regulation of ABCAl,
LXR‑α and PCSK9 in RAW264.7 macrophages. Mol Med Rep
2018;18(1):799–806. [CrossRef ]
29. Feng Z, Wang C, Yue J, Meng Q, Wu J, Sun H. Kaempferol-induced GPER upregulation attenuates atherosclerosis via the
PI3K/AKT/Nrf2 pathway. Pharm Biol 2021;59(1):1106–16.
30. Alam W, Khan H, Shah MA, Cauli O, Saso L. Kaempferol as a dietary anti-inflammatory agent: Current therapeutic standing.
Molecules 2020;25(18):4073. [CrossRef ]
31. Li XY, Kong LX, Li J, He HX, Zhou YD. Kaempferol suppresses
lipid accumulation in macrophages through the downregulation of cluster of differentiation 36 and the upregulation of
scavenger receptor class B type I and ATP-binding cassette
transporters A1 and G1. Int J Mol Med 2013;31(2):331–8.
32. Hoang MH, Jia Y, Lee J H, Kim Y, Lee SJ. Kaempferol reduces
hepatic triglyceride accumulation by inhibiting Akt. J Food
Biochem 2019;43(11):e13034. [CrossRef ]
33. Guo P, Feng YY. Anti-inflammatory effects of kaempferol,
myricetin, fisetin and ibuprofen in neonatal rats. Trop J Pharm
Res 2017;16(8):1819–26. [CrossRef ]
34. Imran M, Saeed F, Hussain G, Imran A, Mehmood Z, Gondal
TA, et al. Myricetin: A comprehensive review on its biological
potentials. Food Sci Nutr 2021;9(10):5854–68. [CrossRef ]
35. Meng Z, Wang M, Xing J, Liu Y, Li H. Myricetin ameliorates atherosclerosis in the low-density-lipoprotein receptor knockout mice by suppression of cholesterol accumulation in
macrophage foam cells. Nutr Metab 2019;16:25. [CrossRef ]
36. Lian TW, Wang L, Lo YH, Huang IJ, Wu MJ. Fisetin, morin
and myricetin attenuate CD36 expression and oxLDL uptake in U937-derived macrophages. Biochim Biophys Acta
2008;1781(10):601–9. [CrossRef ]

181

37. Saenz J, Santa-María C, Reyes-Quiroz ME, Geniz I, Jiménez J,
Sobrino F, et al. Grapefruit flavonoid naringenin regulates the
expression of LXRα in THP-1 macrophages by modulating AMPactivated protein kinase. Mol Pharm 2018;15(5):1735–45.
38. Malakul W, Pengnet S, Kumchoom C, Tunsophon S. Naringin
ameliorates endothelial dysfunction in fructose-fed rats. Exp
Ther Med 2018;15(3):3140–6. [CrossRef ]
39. Kemmerer M, Wittig I, Richter F, Brüne B, Namgaladze D. AMPK
activates LXRα and ABCA1 expression in human macrophages.
Int J Biochem Cell Biol 2016;78:1–9. [CrossRef ]
40. Xu X, Lei T, Li W, Ou H. Enhanced cellular cholesterol efflux
by naringenin is mediated through inhibiting endoplasmic
reticulum stress - ATF6 activity in macrophages. Mol Cell Biol
2019;1864(10):1472–82. [CrossRef ]
41. Chu C, Deng J, Man Y, Qu Y. Green tea extracts Epigallocatechin-3-gallate for different treatments. Biomed Res. Int
2017;2017:5615647.
42. Zhang Y, Da Silva JR, Reilly M, Billheimer JT, Rothblat GH, Rader
DJ. Hepatic expression of scavenger receptor class B type I
(SR-BI) is a positive regulator of macrophage reverse cholesterol transport in vivo. J Clin Investig 2005;115(10):2870–4.
43. Zhao Y, Pennings M, Vrins CL, Calpe-Berdiel L, Hoekstra M,
Kruijt JK, et al. Hypocholesterolemia, foam cell accumulation,
but no atherosclerosis in mice lacking ABC-transporter A1 and
scavenger receptor BI. Atherosclerosis 2011;218(2):314–22.
44. Khoo HE, Azlan A, Tang ST, Lim SM. Anthocyanidins and anthocyanins: colored pigments as food, pharmaceutical ingredients, and the potential health benefits. Food Nutr Res
2017;61(1):1361779. [CrossRef ]
45. Xia M, Hou M, Zhu H, Ma J, Tang Z, Wang Q, et al. Anthocyanins induce cholesterol efflux from mouse peritoneal
macrophages: the role of the peroxisome proliferator-activated receptor {gamma}-liver X receptor {alpha}-ABCA1 pathway. J Biol Chem 2005;280(44):36792–801. [CrossRef ]
46. Zhu Y, Huang X, Zhang Y, Wang Y, Liu Y, Sun R, et al. Anthocyanin
supplementation improves HDL-associated paraoxonase 1
activity and enhances cholesterol efflux capacity in subjects
with hypercholesterolemia. J Clin Endocr 2014;99(2):561–9.
47. Rosenblat M, Vaya J, Shih D, Aviram M. Paraoxonase 1 (PON1)
enhances HDL-mediated macrophage cholesterol efflux via
the ABCA1 transporter in association with increased HDL
binding to the cells: a possible role for lysophosphatidylcholine. Atherosclerosis 2005;179(1):69–77.
48. Du H, Shi C, Ren Y, Wu Y, Yao H, Wei F, et al. Anthocyanins inhibit high-glucose induced cholesterol accumulation and
inflammation by activating LXRα pathway in HK-2 cells. Drug
Des Devel Ther 2015;9:5099–113. [CrossRef ]
49. Millar CL, Norris GH, Jiang C, Kry J, Vitols A, Garcia C, et al.
Long-term supplementation of black elderberries promotes hyperlipidemia, but reduces liver inflammation and
improves HDL function and atherosclerotic plaque stability in Apolipoprotein E-knockout mice. Mol Nutr Food Res
2018;62(23):e1800404. [CrossRef ]
50. Khera AV, Rader DJ. Cholesterol efflux capacity: full steam ahead
or a bump in the road?. Arterioscler Thromb 2013;33(7):1449–51.

