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Curcumin protects endothelial cells against
homocysteine induced injury through
inhibiting inflammation
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Abstract: Objective: This study aimed to investigate the protective effects of curcumin on the homocysteine (HCY)
induced injury to the endothelial cells. Methods: Endothelial cells were treated with HCY at different concentra-
tions, and MTT assay was employed to determine an optimal concentration of HCY. Cells were divided into 3 groups:
normal control group, HCY group and HCY + curcumin group. In curcumin group, cells were pretreated with 2.5
mmol/L HCY for 2 h and then incubated with curcumin at different concentrations. MTT assay was employed to
detect the cell viability. ELISA was performed to detect the content of IL-8 in the supernatant. Western blotting was
used to detect NF-kB expression in cells. Results: (1) Endothelial cells were polygonal or stone-like, or aggregated
to form masses, and then gradually became long spindle shaped, cell body enlarged, cells were rich in cytoplasm,
and immunohistochemistry for factor VIl showed positive. (2) MTT assay showed HCY at >2.5 mmol/L caused
significant damage to endothelial cells as compared to control group. Thus, 2.5 mmol/L HCY was used in following
experiments. (3) ELISA showed IL-8 in the supernatant increased significantly in a time dependent manner after
HCY treatment (P<0.01), but curcumin could significantly inhibit the IL-8 secretion in endothelial cells after HCY
treatment. (4) Western blotting showed HCY was able to markedly increase NF-kB expression, which, however, was
significantly inhibited by curcumin. Conclusion: Curcumin is able to protect the endothelial cells against HCY induced
injury through inhibiting NF-kB activation and down-regulating IL-8 expression.
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Introduction great effort has been conducted to interfere
with these factors and treat these diseases, the
morbidity and disability of cardiovascular dis-

eases remain at a high level, or even tend to

A recent Chinese report about the cardiovascu-
lar diseases indicates that there are about 230

million patients with cardiovascular diseases.
Cardiovascular diseases have significantly
threatened human health and increased eco-
nomic losses and mental anguish due to their
high morbidity, high mortality and high disabili-
ty [1]. Thus, to explore the etiology of cardiovas-
cular diseases and investigate the effective
strategies for the treatment and prevention of
these diseases have been one of focuses in
biological and medical studies.

In past several decades, some factors have
been confirmed as being closely related to the
pathogenesis of cardiovascular diseases. They
include advanced age, dyslipidemia, hyperten-
sion, diabetes, smoking and obesity. Although

increase, and patients diagnosed with cardio-
vascular diseases tend to be younger.

Homocysteine (HCY) is a sulfur-containing
amino acid and was first identified by Devgne-
sud in 1932. In 1969, investigators found that
homocystinuria caused by congenital cystathio-
nine B synthase defect is related to cerebrovas-
cular diseases and for the first time proposed
that hyperhomocystinemia was one of risk fac-
tors of atherosclerotic vascular diseases, which
confirms the relationship between HCY and car-
diovascular diseases [2]. In recent years, a vari-
ety of clinical trials and epidemiological studies
have confirmed that increased plasma HCY is
an independent risk factor of ischemic cardio-
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vascular disease [3-5]. Animal studies also
reveal that HCY may promote the vascular
endothelial inflammation, cause damage to the
endothelial cells of major vessels such as
carotid artery and aorta and induce the forma-
tion of atherosclerotic plaques and thrombi.
However, the mechanism underlying the HCY
induced endothelial injury is still unclear.

Curcumin is the principal curcuminoid of tur-
meric, which is a member of the ginger family. It
has anti-inflammatory, anti-oxidative and anti-
tumor activities [6]. However, the mechanism of
its vascular protection is poorly understood. In
this study, we investigated the protective
effects of curcumin on HCY induced endothelial
injury and explore the potential mechanism,
aiming to provide a new way for the prevention
and treatment of cardiovascular diseases.

Materials and methods
Materials

Following materials were used in this study:
human umbilical vein endothelial cell (UVEC)
line, RPMI1640, fetal bovine serum (HyClone,
USA), dimethyl sulfoxide (Sigma, USA), trypsin
(Sigma, USA), L-glutamine (Sigma, USA), EDTA
(Sigma, USA), penicillin, streptomycin (Harbin
Pharmaceutical Group) and PBS (HyClone,
USA).

Methods

Cell culture and passaging: UVECs were thaw at
37°C for 2 min and then transferred into a tube
containing 5 ml of RPMI1640 followed by cen-
trifugation at 1500 r/min for 5 min. The super-
natant was removed, and cells were re-sus-
pended in RPMI1640 containing 100 U/ml
penicillin, 100 pg/ml streptomycin and 10%
FBS and then transferred into a dish, followed
by incubation at 37°C in an environment with
5% CO,. The medium was refreshed once every
2 days. When the cell confluence reached
100%, cells were washed with PBS twice, and
then 0.25% trypsin (1 ml) was added. Cells
were observed under a light microscope. When
the intercellular space widened and cells
retracted and became round, RPMI1640 con-
taining 10% FBS was added to stop the diges-
tion. The cells were pipetted to form single cell
suspension. Cells were counted under a light
microscope and then passaged at a ratio of
1:2.
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MTT assay: At pre-designed time points, MTT
solution was added to each well (20 pl/well),
followed by incubation at 37°C for 4 h. The
supernatant was removed, and 150 yl DMSO
was added to each well, followed by incubation
for 10 min. When the crystals resolved, optical
density (OD) was measured at 490 nm with a
microplate reader (BioRad, USA).

Grouping: Cells in logarithmic growth phase
were seeded into 96-well plates at a density of
2.0x10%/mL (100 pL/well). Cells were divided
into 3 groups: (1) control group: cells were
maintained at 37°C for 48 h without any treat-
ment; (2) HCY group: cells were incubated with
HCY at different concentrations (0.1, 0.5, 1,
2.5, 5,10 and 20 mmol/L) at 37°C for 48 h; (3)
Curcumin + HCY group: to investigate the pro-
tective effects of curcumin on HCY induced
endothelial injury, hUVECs were pre-treated
with 2.5 mmol/L HCY for 2 h, and then incu-
bated with curcumin at different concentra-
tions (6.25, 12.5, 25, 50 or 100 ug/m L) at
37°C for 48 h. Cell viability was measured with
MTT assay.

Factor VIl immunofluorescence staining: Cells
on coverslips were placed in 35-mm or 60-mm
dish and washed thrice with PBS. Cells were
then fixed in pre-cold 4% paraformaldehyde for
20 min, followed by washing in PBS thrice. Cells
were treated with 0.2% Triton X-100 for 10 min,
followed by washing in PBS thrice. After block-
ing in normal serum for 30 min, cells were
washed thrice with PBS. Then, cells were incu-
bated with primary antibody at 4°C over night
and washed in PBS thrice. After incubation with
secondary antibody at room temperature for 2
h in dark, cells were washed in PBS thrice. The
nucleus was stained with DAPI, and cells were
photographed under a fluorescence micro-
scope. Distilled water was used to remove PBS,
followed by mounting.

Western blot: hUVECs suspension was treated
with protein lysis buffer according to manufac-
turer’s instructions, followed by centrifugation
at 12000 r/min for 20 min at 4°C. After quanti-
fication of protein concentration, proteins of
equal amount were loaded for SDS-PAGE and
then transferred onto PVDF membrane. The
membrane was blocked for 1 h and then treat-
ed with primary antibody for 90 min. After
washing, the membrane was treated with
horseradish peroxidase (HRP) conjugated sec-
ondary antibody for 45 min and then with ECL
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Figure 1. Morphology of vascular endothelial cells. A: Cells were triangular or spindle-shaped (200x). B: Cells were

paving-stone like (100x).
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Figure 2. Factor VIII expression in vascular endothe-
lial cells. The vascular endothelial cells had a high
factor VIII expression. DAPI was used to stain nucle-
us. After merging, factor VIIl was mainly found in the
cytoplasm.
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solution of equal volume for 1 min. The mem-
brane was exposed with a film, and protein
bands were scanned and analyzed with
Smartscape image analysis system.

Detection of plasma NF-kB by ELISA: ELISA was
employed for the detection of plasma NF-kB of
rats. Samples or standards were independently
added to 96-well plate (100 pyL/well), followed
by incubation for 2.5 h at room temperature.
After washing in PBS 4 times, 100 yL of 1x
detection antibody was added, followed by
incubation at room temperature for 1 h. Then,
100 pL of 1x HRP conjugated streptavidin was
added, followed by incubation at room temper-
ature for 45 min. After washing 4 times, 100 pL
of tetramethylbenzidine was added. After addi-
tion of 50 uL of stop solution, the OD was
detected at 450 nm with a microplate reader.
Experiment was performed thrice.

Statistical analysis

Statistical analysis was performed with SPSS
version 16.0. Quantitative data are expressed
as mean + standard deviation. Data were com-
pared with one way analysis of variance or t
test. A value of P<0.05 was considered statisti-
cally significant.

Results
Identification of endothelial cells
Cells were observed under an inverted micro-

scope. Vascular endothelial cells were adher-
ent under a microscope, and triangular or spin-
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Table 1. Effect of HCY at different concentra-
tions on the survival rate of vascular endothe-
lial cells

HCY (mmol/L)  Cells (1x10%/ml)  Survival rate

0 100 yL 98%
0.1 100 pL 88%
0.5 100 pL 82%
1 100 pL 72%
25 100 pL 53%
5 100 pL 42%
10 100 yL 33%
20 100 pL 17%

0.6

0D490nm
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Figure 3. Effect of HCY on viability of vascular endo-
thelial cells. The OD of vascular endothelial cells re-
duced with the increase in HCY concentration. When
the HCY concentration was 2.5 mmol/L or higher, the
OD of HCY treated cells was significantly lower than
that in control group (P<0.05 or 0.01).

dle-shaped. The cytoplasm was transparent,
the nucleus was round, and the confluent cells
were paving-stone like (Figure 1). These cells
were positive for factor VIII which was mainly
found in the cytoplasm (Figure 2).

HCY induced vascular endothelial injury

MTT assay showed the OD of endothelial cells
decreased with the increase in HCY concentra-
tion (Table 1). When the HCY concentration was
0.1, 0.5 and 1 mmol/L, the OD of HCY treated
cells was similar to that in control group. When
its concentration was 2.5 mmol/L, the OD of
HCY treated cells reduced significantly when
compared with control group (P<0.05), and the
higher the HCY concentration, the lower the OD
was (Figure 3).

After treatment with HCY at different concen-
trations for 48 h, cells were counted. When the
HCY concentration was 2.5 mmol/L, the sur-
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Figure 4. Effect of HCY on IL-8 expression in vascu-
lar endothelial cells. 2.5 mmol/L HCY increased IL-8
secretion in hUVECs in a time dependent manner.
After 2-h HCY treatment, IL-8 content was signifi-
cantly higher than in control group, which was also
observed at 4 h and 6. The IL-8 content peaked at
12 h. However, IL-8 content reduced thereafter and
returned to normal level at 48 h (P<0.05 or 0.01).
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Figure 5. Effect of HCY on NF-kB expression in vascu-
lar endothelial cells. After treatment with HCY at 2.5
mmol/L, the NF-kB P65 protein expression increased
significantly, peaked at 0.5 h, thereafter reduced and
returned to baseline level at 4 h (P<0.05, P<0.01).

vival rate was near to that at LD50. According to
the findings from MTT assay, the cell viability
reduced significantly when the HCY concentra-
tion was 2.5 mmol/L as compared to control
group (P<0.05). Thus, HCY at 2.5 mmol/L was
used in following experiments.

Effects of HCY on the expression of IL-8 and
NF-KB in vascular endothelial cells

2.5 mmol/L HCY could promote the secretion
of IL-8 in a time dependent manner. The IL-8
content after 2-h HCY treatment was signifi-
cantly higher than in control group (P<0.05),
thereafter further increased and peaked at 12
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Figure 6. Protective effects of curcumin on HCY in-
duced endothelial injury. HCY 2.5 mmol/L signifi-
cantly reduced the proliferation of vascular endothe-
lial cells. When additional curcumin (6.25 ng/ml or
higher) was added, the cell viability increased signifi-
cantly. Significant increase in viability was observed
when the concentration of curcumin was 6.25 ng/ml
or higher, and thus curcumin at 6.25 ng/ml was used
in following experiments.
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Figure 7. Effect of curcumin on HCY induced IL-8 se-
cretion in endothelial cells (*P<0.05, **P<0.01).

h. However, the IL-8 content reduced thereaf-
ter, but it at 24 h was still higher than in control
group (P<0.05). At 48 h, the IL-8 content
returned to normal level (Figure 4).

Effects of HCY on NF-KB expression

Western blotting showed, after treatment with
2.5 mmol/L HCY, NF-kB P65 protein expression
increased significantly and peaked at 0.5 h
(P<0.01), but thereafter reduced and returned
to baseline level at 4 h. This indicates that HCY
treatment activates NF-kB (Figure 5).

Protective effects of curcumin on HCY induced
endothelial injury

MTT assay showed curcumin at different con-

centration was able to significantly increase
cell viability (P<0.05). In the following experi-
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Figure 8. Effects of curcumin on NF-kB expression
in HCY treated endothelial cells. Curcumin treatment
for 0.5 h significantly reduced NF-kB p65 expression,
which was also observed at 1, 2, and 4 h, but there
was no significant difference at 6 h between crucu-
min treated cells and curcumin free cells.

ment, curcumin at 12.5 ng/ml was used (Figure
6).

In HCY treated hUVECs, curcumin at 6.25 ng/
ml was able to significantly reduce IL-8 in the
supernatant of cells as compared to curcumin
free cells (Figure 7).

Western blotting showed curcumin at 6.25 ng/
ml was able to significantly reduce NF-kB P65
protein expression at 0.5, 1, 2 and 4 h, but
there was no significant difference at 6 h
between crucumin treated cells and curcumin
free cells (Figure 8).

Discussion

Studies have confirmed that hyperhomocys-
tinemia is an independent risk factor of cardio-
vascular diseases, and increment of 5 yumol/L
plasma HCY may increase the risk for arterio-
sclerosis as an increase of 0.52 mmol/L cho-
lesterol [7]. The mechanism of hyperhomocys-
tinemia related cardiovascular diseases is still
poorly understood and might be related to the
endothelial injury, proliferation of smooth mus-
cle cells, increased lipid peroxidation and
thrombosis [8, 9].

IL-8 is a CXC chemokine. It may induce the che-
motaxis and activation of neutrophils and T
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lymphocytes, but stimulate the proliferation
and migration of smooth muscle cells and
induce the chemotaxis and adhesion of mono-
cytes to vascular endothelial cells, which play
important roles in the pathogenesis of arterio-
sclerosis [7]. HCY induced IL-8 expression has
been found to be associated with increased
intracellular oxidative stress and activation of
NF-kB [10-12]. Our results showed HCY at 2.5
mmol/L could induce the synthesis and secre-
tion of IL-8 in hUVECs at 6 h and 12 h, and
peaked at 12 h, its high expression remained
for more than 24 h, and thereafter it returned
gradually to baseline level. In cell culture, HCY
treatment is transient, but in human body,
hyperhomocystinemia is persistent and elevat-
ed HCY may persistently induce the secretion
of IL-8 in endothelial cells, making it remain at
a high level. This may unavoidably cause dam-
age to vascular endothelial cells, promote the
adhesion of leukocytes to vascular endothelial
cells and then induce the arteriosclerosis. This
indicates that hyperhomocystinemia may
induce vascular inflammation, which may be
one of mechanisms underlying the hyperhomo-
cystinemia induced arteriosclerosis.

Inflammation plays important roles in the initia-
tion and progression of arteriosclerosis as well
as the occurrence of arteriosclerosis related
complications. NF-kB is a key transcription fac-
tor in the production of pro-inflammatory cyto-
kines. NF-kB has been detected in the athero-
sclerotic plaques, and specific silencing or inhi-
bition of NF-kB pathway may reduce the area of
atherosclerotic plaques and decrease athero-
sclerosis related complications [12]. NF-kB is a
member of Rel protein family. Kranzhofer et al
found the activation of NF-kB in vascular
smooth muscle cells may induce the expres-
sion of adhesion molecule, inflammatory medi-
ators and growth factors in vascular endothelial
cells and smooth muscle cells. In the presence
of adhesion molecules, monocytes are adher-
ent to endothelial cells and migrate subendo-
thelially. Moreover, inflammatory mediators
and growth factors mediate the chronic inflam-
mation in blood vessel wall as well as the prolif-
eration of smooth muscle cells and their migra-
tion into intima, resulting in atherosclerosis
[13, 14]. Our results also indicated HCY signifi-
cantly increased NF-kB P65 protein expression
in hUVECs, suggesting that HCY induced
release of inflammatory cytokines in vascular
endothelial cells is related to the activation of
NF-kB signaling pathway.
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Currently, cardiovascular studies focus on the
capability of curcumin to reduce serum triglyc-
erides, cholesterol and low density lipoprotein,
increase high-density lipoprotein, elevate cell
proliferation and induce cell apoptosis.
However, little is known about the protective
effects of curcumin on HCY induced endothelial
injury. Our results showed curcumin could sig-
nificantly inhibit NF-kB activation in HCY treated
cells and reduce IL-8 secretion. Thus, we spec-
ulate that curcumin is able to directly or indi-
rectly block NF-kB signaling pathway to inhibit
the release of inflammatory factors by endothe-
lial cells, which protects endothelial cells
against inflammation induced injury. Other
drugs such as insulin, thiazolidinedione deriva-
tives, metformin, angiotensin transferase inhib-
itors, angiotensin receptor blockers and statins
have also been confirmed to inhibit inflamma-
tory cytokines in cells, but curcumin has little
adverse effects and thus is safer as compared
to these drugs.

Taken together, HCY may induce the expression
and release of inflammatory cytokines by vas-
cular endothelial cells, which is mediated by
NF-kB signaling pathway. However, curcumin is
able to significantly inhibit these effects of HCY,
exerting protective effects on endothelial cells.
Our findings provide a new strategy for the pre-
vention of cardiovascular diseases in patients
with hyperhomocystinemia.
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