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ABSTRACT

Atherosclerosis is the most frequent cause of death globally. Oxidized low-density lipoprotein (ox-LDL) has an
essential role in the formation of atherosclerotic plaques and foamy macrophages. Ox-LDL increases the uptake
of cholesterol by macrophages and is the major cause of blood flow disruption. Ox-LDL is produced during oxi-
dative stress and treatment with antioxidants could inhibit the production and function of ox-LDL. Curcumin is a
potent antioxidant and has a strong track record in the treatment of numerous diseases. Recent studies indicate that
Curcumin exerts a lipid-lowering effect, and can modulate the formation of atherosclerotic plaque. The current
review focuses upon the role of Curcumin in oxidation of LDL and foam cell formation in atherosclerotic lesions.

Keywords: Oxidized low density lipoprotein, ox-LDL, anti-ox-LDL, Curcumin, Turmeric, Curcuma longa

840


mailto:sahebkara@mums.ac.ir
mailto:amir_saheb2000@yahoo.com
https://dx.doi.org/10.17179/excli2022-4878
https://dx.doi.org/10.17179/excli2022-4878
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1499-2891
https://orcid.org/0000-0002-5762-3917
https://orcid.org/0000-0002-0890-769X
https://orcid.org/0000-0003-4507-2932
https://orcid.org/0000-0002-8656-1444

EXCLI Journal 2022;21:840-851 — ISSN 1611-2156

Received: March 25, 2022, accepted: June 17, 2022, published: June 22, 2022

INTRODUCTION

Oxidized low-density lipoprotein and
atherosclerosis

According to a recent report, ischemic
heart disease (IHD) remains the major cause
of mortality worldwide (WHO, 2019). Sev-
eral lines of evidence indicate that atheroscle-
rosis is the primary cause of IHD (Gimbrone
et al., 2000). Atherosclerosis is an inflamma-
tory disease that occurs in the sub-endothelial
space of medium and large-sized arteries at
regions where laminar blood flow is disturbed
(Wick et al., 2004). The critical risk factor for
atherosclerosis is dyslipidemia, defined as
raised levels of low-density lipoprotein
(LDL) and suppressed levels of high-density
lipoprotein (HDL) (Garg et al., 2015). In ad-
dition, the role of oxidized low-density lipo-
proteins (ox-LDL) in the development of ath-
erosclerosis has been studied for many years
(Quinnetal., 1987; Parthasarathy et al., 1988;
Wang et al., 2020).

Conceptually, modified forms of LDL,
but not native LDL, can induce cholesterol ac-
cumulation in monocytes or macrophages be-
cause the affinity of modified LDL to interact
with scavenger receptors (SRs) of macro-
phages is greater than that of native LDL. The
main type of modified LDL that can cause
cholesterol  accumulation is  ox-LDL
(Steinberg, 1997; Yoshida and Kisugi, 2010;
Trpkovic et al., 2015). Further evidence has
illustrated that SRs, such as CD36 (also
known as platelet glycoprotein V), perform
most of the ox-LDL uptake by macrophages,
which is the first step of atherosclerosis that
leads to the formation of foamy macrophages.
Macrophages containing ox-LDL release a
variety of inflammatory substances and cyto-
kines. Moreover, ox-LDL (via CD36) traps
macrophages by inhibiting cell migration,
which consequently disrupts blood flow
(Febbraio et al., 2001; Steinberg and
Witztum, 2010; Park 2014).

Ox-LDL is produced during oxidative
stress. The physiological imbalance between
pro-oxidant and antioxidant species can cause
oxidative stress (Halliwell and Poulsen,
2006). In addition, oxidative stress prepares

endothelium to form oxidized cholesterol as a
result of LDL oxidation (Yang et al., 2017).
During atherosclerosis, ox-LDL promotes the
formation of atherosclerotic plaques (Mitra et
al.,, 2011). Ox-LDL performs this action
through the lectin-like ox-LDL receptor 1
(LOX-1) (Pirillo etal., 2013). Overexpression
of LOX-1 in endothelial cells occurs in the
process of atherosclerosis. In brief, ox-LDL
stimulates atherosclerotic events, starting
from disruption of the endothelial cells, re-
duced cholesterol efflux, foam cell formation,
cytokine release from macrophages, and pro-
liferation to platelet aggregation (Figure 1)
(Ehara et al., 2001; Khatana et al., 2020).
Thus, ox-LDL plays an essential role in ather-
osclerotic plague formation and should be
monitored and managed in patients with car-
diovascular disease (CVD) risk factors.

Curcumin and atherosclerosis

Curcumin is obtained from the rhizomes
of the Curcuma longa (Turmeric), a member
of the ginger family. Curcumin is an im-
portant Asian golden spice and has an impres-
sive impact on the taste and color of foods
(Kocaadam and Sanlier, 2017). Curcumin has
a long history in the treatment of diseases,
such as gastric and hepatic disorders, dental
problems, menstrual difficulties, infectious
diseases, malignancies, immune-related and
metabolic disorders (Chaturvedi, 2009;
Sahebkar, 2010; Gupta et al., 2013; Panahi et
al., 2014; Sahebkar and Henrotin, 2016;
Panahi et al., 2017; Bagherniya et al., 2018;
Parsamanesh et al., 2018; Gorabi et al., 2019;
Mortezaee et al., 2019; Shakeri et al., 2019;
Zahedipour et al., 2020; Afshari et al., 2021,
Fu et al.,, 2021; Mohammed et al., 2021).
Anti-inflammatory and antioxidant properties
of Curcumin, a polyphenol, have been re-
ported in numerous studies (Menon and
Sudheer 2007; Shehzad et al., 2011;
Momtazi-Borojeni et al., 2018; Farhood et al.,
2019). Curcumin can improve the lipid profile
of patients by reducing serum triglyceride
(TG), LDL and total cholesterol levels signif-
icantly in subjects with coronary artery dis-
ease (CAD) (Qin et
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Figure 1: Summary of the role of Ox-LDL in atherosclerosis progression. Ox-LDL promotes athero-
sclerotic events right from their initiation in the subendothelium. Due to downregulated LDL recep-
tors, the native LDL cannot be internalized by macrophages. Ox-LDL, via LOX 1 and other factors,
activates endothelium for a number of events: adherence of LDL, monocytes, and platelets; secretion
of chemokines and growth factors; production of ROS; impairing NO secretion. SRs, CD36, and LOX
1 help in the uptake of Ox-LDL by monocyte-derived macrophages in the subendothelium. Growth
factors mediate SMC proliferation and extracellular matrix formation. Platelet adherence and accu-
mulation is also, in part elicited by Ox-LDL, which results in a rupture-prone thrombus. Adapted from

Khatana et al. (2020).

al., 2017; Simental-Mendia et al., 2019).
Curcumin decreases the aortic lipid lesions
and inhibits development of atherosclerotic
plagues (Wongcharoen and Phrommintikul
2009). Curcumin demonstrates antioxidant
activity because the benzene rings in the
structure of the Curcumin molecule eliminate
reactive oxygen species (ROS) (Joe and
Lokesh, 1994). According to cardiac-related
studies, serum levels of lipid peroxides are
higher in patients with IHD; Curcumin is able
to reduce lipid peroxide concentration
(Stringer et al., 1989; Soni and Kuttan 1992).
These actions could indicate that curcumin
also inhibits ox-LDL elevation. However, the
mechanisms underlying Curcumin’s ability to
effect improvement in atherosclerosis have
not been investigated.

Based on the above findings, the current
review aims to outline the known inhibitory

effects of Curcumin on LDL oxidation and
the formation of atherosclerotic plaque.
Herein, we have reviewed the relevant pre-
clinical and clinical studies.

METHODS

The electronic databases PubMed, Em-
base, Google Scholar, and Scopus were
searched using the following keywords from
the beginning to December 2021 for preclini-
cal and clinical trials on the effects of Curcu-
min in the oxidation of LDL or its inhibitory
impact on Ox-LDL. The searched keywords
were oxidized low-density lipoprotein, ox-
LDL, ox-LDL, Curcumin, Turmeric and, Cur-
cuma longa. Inclusion criteria were clinical
trials or animal studies that investigated the
effects of Curcumin in atherosclerosis and full
texts accessible on-line in English, with no
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limits of publishing date. Exclusion criteria  September 2021 and December 2021. In Ta-
were duplicated published materials and re-  bles 1, 2 and 3, we summarize the included
view articles. Data were collected between  studies.

Table 1: Effects of curcumin on LDL oxidation in pre-clinical studies

Study, Type of cell Dose Results
Year
Foam cell  uptake scaven- LOX-1 ex- LDL
formation of Ox- ger re- pression oxida-
LDL ceptors tion
Altinel et = Rat vascular 20 no differ- - - -
al., 2021 tissues mg/kg ences be-
for 28 tween
days groups
Chenet = Murine mac- 6.25 1 1 1 CD36 -
al.,, 2015  rophage line and and
RAW264 12.5 PPARy
mmol/L

Kouet = THP-1 mono- 1-50 - l 1 CD36 l l

al., 2013 cytes and UM
macrophages

Lee et Human um- 0-25 - - - l l

al., 2010 bilical vein UM
endothelial
cells

Min et RAW 264.7 0-10 ! - | CD36 - -

al., 2013 macrophage UM and
cell line PPARY

Abbreviations: LDL, low density lipoprotein; ox-LDL, oxidized LDL; LOX-1, lectin-like ox-LDL receptor 1; PPARy, peroxisome
proliferator-activated receptor gamma

Table 2: Effects of curcumin on circulating oxidized LDL levels in pre-clinical studies

Study, Animal No. of Dose and Control Result

Year animals duration Ox-LDL Lox-1
Altinel et al., Rat 32 20 mg/kg for Corn oil Ox-LDL lev- LOX-1 was

2021 28 days els were de- lower in
creased P = Curcumin

0.006 group
P =0.019

Um et al., Rabbit 18 0.2 % curcu- 1 % choles- Ox-LDL lev- -
2014 min +1 % terol dietonly  els were re-
cholesterol duced
diet for 8 P <0.05
weeks

Abbreviations: LDL, low density lipoprotein; ox-LDL, oxidized LDL; LOX-1, lectin-like ox-LDL receptor 1
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Table 3: Effects of curcumin on oxidized LDL in clinical studies

Study, Year De- Typeof No. of Dose Con-  Duration Outcome
sign disease pa- trol of treat-
tients ment
Campos- RCT  Obesity 57 500 and pla- 3 months = Ox-LDL levels were
Cervantes et 750 cebo decreased by 500
al., 2011 mg/day mg/day of Curcu-
min
p=0.01
Funamoto et RCT T2DM 33 180 pla- 6 months =~ Curcumin inhibited
al., 2019 mg/day cebo the increase in
AT-LDL level
P=0.722
Funamotoet RCT COPD 39 180 pla- 6 months AT-LDL level was
al., 2016 mg/day cebo significantly lower
in curcumin
group
P =0.020
Sahebkaret RCT  Obesity 30 1000 pla- 10 weeks no significant
al., 2013 mg/day cebo change was ob-
served in anti-ox-
LDL
p > 0.05

Abbreviations: RCT, randomized control trial; LDL, low density lipoprotein; ox-LDL, oxidized LDL; T2DM, type 2 diabetes mellitus;
AT-LDL, a1-Antitrypsin—low density lipoprotein; COPD, chronic obstructive pulmonary disease

RESULTS

Curcumin use and LDL oxidation in cell
studies

Experimental evidence concludes that
Curcumin could modulate lipid transportation
and prevent foam cell formation (Momtazi-
Borojeni et al., 2019). Altinel et al. investi-
gated the effects of Curcumin on the histo-
pathological changes in intestinal, vascular
and lung tissues of rats post-splenectomy. In
this experimental study, rats were randomly
assigned into the following groups: only lap-
arotomy group; only splenectomy group; Cur-
cumin group that underwent splenectomy ac-
companied by 20 mg/kg Curcumin; corn oil
group that underwent splenectomy accompa-
nied by 20 mg/kg corn oil for 28 days. After
sacrifice, an aortic segment, distal segments
of total colectomy specimen, and lung seg-
ments were collected for histopathological

examination. Histopathological analysis of
vascular tissues from the 4 groups showed no
foamy macrophages in the vascular wall, with
no significant difference between the groups
(Altinel et al., 2021).

Macrophages are an essential contributor
to the development and stability of atheroscle-
rotic plaques. M1 macrophages induce a pro-
inflammatory response and are present in un-
stable plaques (Biswas et al., 2012; Cho et al.,
2013). Since the role of Curcumin in modu-
lating the uptake of cholesterol in M1 macro-
phages had not been well studied, Chen et al.
investigated the effect of Curcumin on foam
cell formation in M1 macrophages stimulated
with ox-LDL. In this study, M1 macrophages
were incubated with 6.25 and 12.5 mmol/L of
Curcumin for 12 h. Moreover, to determine
the effects of Curcumin on foam cell for-
mation, MO and the treated M1 macrophages
were incubated with 30 mg/L oxLDL for 24 h
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with or without the peroxisome proliferator-
activated receptor gamma (PPARY) inhibitor,
as PPARY has a direct effect on the presenta-
tion of CD36 in macrophages (Lim et al.,
2006). The results showed that 6.25 and 12.5
mmol/L curcumin increased foam cell for-
mation induced by ox-LDL. Curcumin, dose-
dependently, also increased CD36 and
PPARy levels in the ox-LDL-induced M1
cells (Chen etal., 2015). These two reviewed
studies have not shown a beneficial effect of
curcumin in reducing ox-LDL.

Lipid accumulation in macrophages is
mediated by several SRs, such as CD36, and
is the initial step in atherosclerosis (Collot-
Teixeira et al., 2007). LOX-1 has been identi-
fied as a major SR for ox-LDL in endothelial
cells and, further, LOX-1 gene expression is
induced by elevated ox-LDL levels
(Sawamura et al., 1997; Li and Mehta, 2000).
Kou et al. investigated the effects of 1-50 uM
of Curcumin upon the expression of SRs in
THP-1 macrophages and monocytes. In this
experiment, LDL was oxidized with Cu?*.
The results showed that Curcumin could in-
duce CD36 expression. Curcumin also dose-
dependently inhibited the uptake of ox-LDL
and reduced the expression of CD36 surface
protein (using 20 uM Curcumin). The authors
suggested that Curcumin could control the ex-
pression of CD36 at different levels, includ-
ing transcription, translation, and transloca-
tion. THP-1 monocytes treated with Curcu-
min showed a significant dose-dependent
suppression of LOX-1 mRNA expression
(Kou et al., 2013).

Lee et al. evaluated the inhibitory effects
of Curcumin on TNFa-induced LOX-1 ex-
pression in human umbilical vein endothelial
cells (HUVECSs). In this experiment, HU-
VECs were pre-treated with Curcumin for 1
hour before incubation with TNFa for 12
hours. Incubation of cells with TNFa in-
creases the expression of LOX-1. The results
showed that 1, 5, 10, and 25 ug/mL of Curcu-
min dose-dependently suppressed the produc-
tion of ROS and LOX-1 expression in HU-
VECs. The authors suggested that Curcumin

could be beneficial in preventing atheroscle-
rosis (Lee et al., 2010).

Min et al. investigated the effects of Cur-
cumin on the formation of foamy macro-
phages and the expression of SRs in RAW
264.7 macrophage cell lines. Murine macro-
phages were treated with native LDL or ox-
LDL with or without Curcumin for 24 h, and
the lipid accumulation by macrophages was
measured. The results showed that Curcumin
inhibits PPARYy and CD36 expression. Curcu-
min also inhibited ox-LDL-induced foam cell
formation (Min et al., 2013).

Curcumin use and LDL oxidation in
animal studies

A limited number of animal studies have
been conducted to examine the effects of Cur-
cumin on blood levels of ox-LDL. Altinel et
al. investigated the effects of Curcumin on li-
pid profile and oxidative markers in rats after
post-splenectomy. In this experiment, rats
were randomly assigned into 4 groups: only
laparotomy Group; only splenectomy Group;
Curcumin group that underwent splenectomy
with 20 mg/kg curcumin; corn oil group un-
derwent splenectomy with 20 mg/kg corn oil
for 28 days. Blood samples were collected at
time of sacrifice. The primary findings indi-
cated that blood levels of ox-LDL and LOX-
1, which were elevated in the splenectomy
group, were significantly reduced by a single
dose of Curcumin (Altinel et al., 2021).

Um et al. investigated the effects of Cur-
cumin supplementation on inhibiting athero-
sclerosis in white rabbits (Um et al., 2014).
The white rabbits were divided into 3 groups
in a random manner receiving regular chow
diet, a regular chow diet with 1 % cholesterol,
or a regular chow diet with 1 % cholesterol
plus 0.2 % curcumin for 8 weeks. All rabbits
were sacrificed, and blood samples were col-
lected from the retro-orbital sinus. Findings of
this study showed that Curcumin significantly
reduced blood levels of ox-LDL. The authors
suggested that curcumin could prevent pro-
gression of atherosclerosis.
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Curcumin use and LDL oxidation in
clinical studies

Campos-Cervantes et al. in a prospective,
randomized, simple-blind, controlled study,
determined the effect of curcumin on ox-LDL
levels of obese patients. In this clinical trial,
participants were divided into 3 groups: two
groups received a daily dose of 500 and 750
mg of Curcumin, respectively, whilst the third
group received placebo for 12 weeks. The
plasma levels of ox-LDL were determined at
0, 2, 6, and 12 weeks. The authors reported
that 500 mg of Curcumin significantly de-
creased the ox-LDL levels at 2, 6, and 12
weeks. However, 750 mg of Curcumin did not
significantly reduce the serum levels of ox-
LDL (Campos-Cervantes et al., 2011).

Recently, a1-Antitrypsin—low density lip-
oprotein (AT-LDL) was identified as a form
of ox-LDL. AT-LDL can cause atherogenesis
and is found at the site of atherosclerotic
plaques. Serum levels of AT-LDL indicate
the activity of foam cells in atherosclerotic
plaques (Mashiba et al., 2001). Funamoto et
al., in a randomized, double blind parallel
group study, examined the effects of Curcu-
min on the level of plasma ox-LDL in patients
with non-insulin-dependent diabetes mellitus.
Patients were divided into two groups in a
random manner. The first group received 180
mg/day of curcumin for 6 months, and the
second group was considered as placebo. Se-
rum levels of AT-LDL were measured at 0, 3
and, 6 months after the intervention. This
clinical trial showed that Curcumin inhibited
the increase in plasma levels of AT-LDL. By
comparison, the plasma level of AT-LDL in
the placebo group increased significantly
(Funamoto et al., 2019).

Funamoto et al. also examined the effects
of Curcumin on the level of AT-LDL in sub-
jects with mild-moderate chronic obstructive
pulmonary disease (COPD). The authors con-
ducted a randomized, double blind, parallel-
group study. Subjects were randomly as-
signed to receive 180 mg/day of Curcumin or
placebo for 24 weeks, and changes in serum
AT-LDL were evaluated. The results showed

a significantly lower AT-LDL level in the
Curcumin group (Funamoto et al., 2016).

Curcuminoids are anti-atherogenic agents
because of their antioxidant, antithrombotic
and anti-inflammatory actions (Srivastava et
al., 1985; Basnet and Skalko-Basnet, 2011).
Furthermore, autoantibodies to ox-LDL have
been found in atherosclerotic plaques and in
the plasma of atherosclerosis patients (Bui et
al., 1996). Sahebkar et al., in a randomized,
double blind, cross-over study, examined the
effects of Curcuminoids on the level of serum
anti-ox-LDL in obese individuals. The sub-
jects were divided into two groups to receive
1 g/day of Curcuminoids or placebo for 30
days. After a 2-week washout period, subjects
received the alternate treatment. Blood sam-
ples were collected from participants before
and after each dietary treatment phase. At the
end of the 10" week, no significant change
was observed in serum levels of anti-ox-LDL
(Sahebkar et al., 2013).

CONCLUSION

Dyslipidemia is one of the main causes of
atherosclerosis, resulting in CVD and IHD.
Lipid disorders increase with age and impact
many lives globally. Recent research has con-
cluded that ox-LDL is a novel biomarker for
the development of dyslipidemia and athero-
sclerosis. Ox-LDL is produced during oxida-
tive stress conditions and has a major role in
the formation of atherosclerotic plaques and
foamy macrophages. The use of antioxidant
therapy in reducing oxidative stress or ox-
LDL has been examined in several articles.
However, insufficient evidence currently ex-
ists to use them therapeutically to prevent ath-
erosclerotic plaque. Herbal medicines have
great potential for reducing free radicals and
are currently used in numerous clinical trials
as antioxidants to combat oxidative stress.
Curcumin, as an herbal antioxidant, has
shown beneficial effects in improving lipid
disorders and cardiovascular events in several
clinical and animal studies. Proposed mecha-
nisms for curcumin’s action in reducing ath-
erosclerotic plaques include factors such as
reduction of blood lipid levels and ox-LDL
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production, decrease in macrophage and in-
flammatory cytokine migration to the vessel
wall, a reduction in expression of specific ox-
LDL receptors such as CD36 and LOX-1, a
reduction in the uptake of cholesterol and in-
hibition of foamy macrophage production.

In this article, we have reviewed the ef-
fects of Curcumin on the oxidation of LDL
and the formation of atherosclerotic plaques.
Preclinical studies performed in cell lines
gave contradictory results. Among the five
preclinical studies reviewed, two of them
showed that Curcumin reduced LDL oxida-
tion and decreased the expression of LOX-1;
however, the effects of curcumin on reducing
foam cell formation, uptake of ox-LDL, and
expression of CD36 and PPARy were not the
same in these two preclinical studies. Both an-
imal studies that investigated the effect of
Curcumin on blood levels of ox-LDL showed
that Curcumin could reduce plasma levels of

ox-LDL. One animal experiment showed that
Curcumin could also reduce plasma levels of
LOX-1. Four clinical trials that we reviewed
here were randomized and had a control
group. These studies investigated the effect of
Curcumin on plasma levels of ox-LDL, AT-
LDL and autoantibodies against ox-LDL.
Curcumin decreased plasma levels of ox-LDL
and AT-LDL, but no significant change was
observed in circulating anti-ox-LDLs. The
positive effects of curcumin on ox-LDL are
summarized in Figure 2.

Overall, our results suggest that curcumin
could be effective in reducing LDL oxidation.
However, additional investigations are neces-
sary to definitively determine whether Curcu-
min could serve as standard therapy for the
prevention of atherosclerosis, both as an ad-
junct and a monotherapy.

cell studies
LOX1 expression
‘ LDL Oxidation

animal studies

§ serum OxLDL

clinical trials

§ serum OxLDL

Figure 2: The positive effects of Curcumin on Ox-LDL
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