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Curcumin suppresses oxidative stress via
regulation of ROS/NF-κB signaling pathway to
protect retinal vascular endothelial cell in diabetic
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Abstract
Background: Diabetic retinopathy (DR) is one of the most serious complications of diabetes mellitus and
a leading blindness disease in the world. The retinal vascular endothelial cells can be damaged by
oxidative stress even in the early stage of diabetic retinopathy. NF-κB is a key transcription factor in cell
apoptosis and oxidative stress. Curcumin can relieve oxidative stress induced by high glucose. This study
aimed to investigate the effect of curcumin on the rat retinal vascular endothelial cells (RRVECs) in DR
and to deduce the possible molecular mechanism.

Methods: The cultured RRVECs were identi�ed by both of vWF and CD31 expression.The RRVECs were
divided into four groups: the normal control group, the osmolarity control group, the high glucose group
and the curcumin treatment group (High glucose +Curcumin). We observed the different morphological
changes in the groups by transmission electron microscopy. Oxidative stress was detected by �ow
cytometry. The Activation of ROS/NF-κB signal pathway was detected by electrophoretic Mobility Shift
Assay (EMSA), immunohistochemistry and western-blot; the apoptosis of RRVECs was tested by �ow
cytometry.

Results: We found that curcumin reduced the reactive oxygen species (ROS) and relieved the apoptosis in
RRVECs exposed to the high glucose by �ow cytometry. We detected that the increased activity of NF-κB
and phosphorylated NF-κB in RRVECs induced by high glucose concentration was signi�cantly
suppressed by curcumin. Furthermore, based on the assay quantifying the level of apoptosis-related
proteins, including bcl-2 and bax, we illustrated that curcumin could decrease the apoptosis of RRVECs
induced by high glucose concentration.

Conclusion: We concluded that ROS/NF-κB signaling pathway played an important role in the progress of
DR and curcumin could suppress the oxidative stress via regulation of NF-κB signal to protect the
RRVECs in DR.

Background
Diabetic retinopathy (DR) is one of the leading cause of blindness in working-age people in mainland
China[1 2]. Pathophysiological studies have demonstrated that diabetic retinopathy brings about
progressive changes of retinal microvasculature [3 4]. Typical early changes in the retinal vasculature of
diabetic eyes are pericyte loss, basement membrane thickening, the retinal vascular endothelial cell
(RVEC) proliferation and blood-retina barrier leakage[5 6].

Several studies [7–10] have shown that oxidative stress plays an important role in the pathogenesis of
diabetic retinopathy. Oxidative stress activates multiple pathways in the cell, including signaling
cascades, cell apoptosis, and transcription factors, which in turn cause the pathophysiological changes
of the retinal vasculature in diabetic retinopathy. The RVECs are key participants in diabetic retinopathy.
They not only supply oxygen and nutrients for the normal metabolism of the retina, but also contribute to
the blood-retinal barrier that protects the retina [11 12]. NF-κB is a vital transcription factor that initiates
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the transcription of genes involved in the regulation of physiological processes of the cell and its reaction
to oxidative stress.An activated NF-κB can cause cell apoptosis. Some studies [13–15] have shown that
NF-κB regulates the expression of angiogenic factors in vascular endothelial cells and induces
neovascularization in diabetic retinopathy.

Curcumin is a yellow powder extracted from the tubers of the turmeric plant. It has well known anti-
in�ammatory, anti-tumor and anti-oxidation effects. Studies [16–19] found that curcumin reduced
glucose intolerance and insulin resistance by its antioxidant effects and anti-in�ammatory actions.
Curcumin is suggested to be used as a therapeutic drug in the management of diabetes, obesity, and their
associated complications [20 21]. Previous studies [22 23] have shown that curcumin has a signi�cant
antioxidant effect on retinal pigment epithelial (RPE) cells, and it inhibited RPE cell proliferation by
mediating p53 signaling pathway.

However, it is unclear whether curcumin has its anti-oxidation effect on retinal vascular endothelial cells
(RVECs), and its possible mechanism is still unknown. Therefore, we investigated the effects of curcumin
on RRVECs exposed to high glucose concentration and analyzed the mechanism of the curcumin’s action
on RRVECs.

Materials And Methods
Experimental animals. Sixty cleaning grade healthy adult male Sprague-Dawley (SD) rats weighing
180±20g were obtained from the Experimental Animal Center of Soochow University. Animals were
housed under standard diurnal conditions according to the guidelines established by the Animal
Research: Reporting of In Vivo Experiments (ARRIVE). The room temperature was maintained at 20-23℃
with a relative humidity of  50-70% and the noise was kept 50dB. Before experiments, all rats were fed a
basal diet for one week. For the use of experimental animals, guidelines were followed from the
"Regulations on the Management of Laboratory Animals" promulgated by the National Science and
Technology Commission and the Declaration of Helsinki. 

Experimental materials. The following materials were obtained for this study: Curcumin [Taishi
(Shanghai) Chemical Industry Development Co.,Ltd., China], trypsin (Invitrogen, USA), type II collagenase,
thiazole blue (MTT), 0.04% trypan blue (Sigma, USA), rabbit monoclonal antibody to von Willebrand
factor (Abcam, Cambrige, UK), rabbit anti-CD31 antibody (Abcam, Cambrige, UK), rabbit anti-NF-κB p65
antibody  (Abcam, Cambrige, UK), rabbit phosphor-NF-κB p65 antibody (Cell signaling Technology, USA),
rabbit anti-IKBα antibody (Abcam, Cambrige, UK), rabbit anti-Bax antibody ((Wuhan Sanying
Biotechnology Co., Ltd., Hubei, China), rabbit anti-Bcl2 antibody ((Wuhan Sanying Biotechnology Co., Ltd.,
Hubei, China), rabbit anti-IL-1β antibody (Cell signaling Technology, USA), endothelial cell culture medium,
�uorescent (Cy3) tagged goat anti-rabbit IgG (Wuhan Biosciences Co., Ltd., Hubei, China), �uorescent
(FITC) tagged goat anti-rabbit IgG (Wuhan Biosciences Co., Ltd., Hubei, China), rabbit anti-
phosphoglyceraldehyde Dehydrogenase (GAPDH, Hangzhou Xianzhi Biotechnology Co., Ltd., Zhejiang,
China), Light shift chemiluminescent EMSA kit (Thermo Scienti�c, USA), bicinchoninic acid (BCA) protein
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concentration determination kit, cell reactive oxygen species (ROS) detection kit (Biyuntian Biotechnology
Institute, Hubei, China), diamino Diphenylamine (DAB) Chromogenic Kit (Beijing Solvay Technology Co.,
Ltd., China), apoptosis detection kit (Jiangsu Keyi Biotechnology Co., Ltd.,Jiangsu, China),
Immunohistochemistry Kit (Beijing ZhongshanJinqiao Biotechnology Co., Ltd., China). Model IX51
inverted microscope, Eppendorf, BX53 �uorescence microscope (Olympus, Japan), Nikon E100
biomicroscope (Nikon, Japan), microplate reader (American Thermo Electron Corporation, USA), and �ow
cytometry (BD Biosciences, USA).

Rat retinal vascular endothelial cells (RRVECs) culture, identi�cation and activity detection.

The RRVECs were isolated and cultured as previous described[24].The rats were anesthetized by
intraperitoneally injection of 10% chloral hydrate with 3.3% ketamine.The eyes were placed in a petri dish
containing iced PBS gauze, and the retinal tissues were harvested and cut into pieces. They were digested
with a type II collagenase for 30 minutes at 37°C, and the digestive �uid was absorbed. The retinal
tissues were then transferred to solution A consisting of NaCl, KCl, CaCl, MgCl2 and mannitol, and the
osmotic pressure was adjusted to 310mosmol. The retinal microvessels were cut into quadrants and
placed in a glass-bottomed chamber. A coverslip was then placed over the retina, so that the microvessels
adhered to the coverslip. The cells were sieved through two stainless steel mesh of 100 μm pore size, and
the eluate was gathered.The eluate was centrifuged at 1500 r/m for 5 minutes at room temperature and
the supernatant was removed.The precipitate after centrifugation was added to Dulbecco's modi�ed
Eagle's medium (DMEM) containing 100x103 U/L heparin sodium and fetal bovine serum. It was
inoculated on a 24-well culture plate, and then placed in a 37°C, 5% CO2 incubator and periodically
exchanged. Retinal vascular endothelial cells were observed under an inverted microscope before the
medium was changed. The labeled hybrid cells were removed with a scraper. Following this, the cell
viability was assessed using trypan blue staining.

The 4th generation rat RRVECs were inoculated on gelatin-coated coverslips at a density of 1x104

cells/ml and cultured for 24 h. After the cells were adherent, the coverslips were removed and
immuno�uorescence staining was used to identify the cells with vWF and anti-CD31 antibody at 4℃ over
night. In the negative control group, PBS was used instead of the primary antibodies. Cy3 and FITC as the
secondary antibodies were added to the working solution at 37°C for incubation, respectively. The color
was observed under a �uorescence microscope, and images were collected. Cy3 emits green �uorescence
and FITC emits red �uorescence as a positive expression.

Grouping of Cells.

The RRVECs were divided into normal control group, osmolarity control group, high glucose group and
curcumin treatment group (High glucose +Curcumin).The glucose concentration in the normal control
group was 5.5mmol/L. The osmotic control group had 5.5mmol/L glucose and 19.5mmol/L mannitol to
a �nal concentration of 25mmol/L. In the high glucose group, the glucose was added at a concentration
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of 25mmol/L for 72h. In the treatment group was exposed to glucose at a concentration of 25 mmol/L
for �rst 72 h and then treated with 30 μmol/L curcumin for 48h.

Morphological changes in RRVECs by transmission electron microscopy.   

The cellular morphological changes in each group were detected by the transmission electron microscopy
(TEM). The cells were collected via centrifugation (800rpm, 5minutes), and washed with PBS and �xed
with 1% paraformaldehyde and then with 2% glutaraldehyde for 12hours. Afterwards, the �xed cells were
treated with 1% osmium tetroxide for 3hours, dehydrated through an ethanol gradient, and embedded in
Araldite. Ultrathin sections were stained with uranyl acetate and lead citrate, and examined by the TEM
(Tecnai, FEI). The EDX ChemSTEM analysis system was used to take TEM images at magni�cations of
2500x.

Detection of intracellular superoxide by ROS Assay.

Flow cytometry was used to detect reactive oxygen species (ROS) levels in RRVEC.A single suspension of
cells was prepared from each group of cells, inoculated evenly in a 6-well plate at the cell density of 2×10
5 cells/well, and cultured overnight at 37° C in 5% CO 2 saturation humidity. The cells were then digested
with 0.25% trypsin without ethylenediaminetetraacetic acid. The digestion was stopped and the digested
cells were centrifuged.The supernatant was discarded and the cells were rinsed twice with PBS. Following
the instructions for the operation of the DCFH-DA cell ROS kit, the �ow cytometry was performed.

Flow cytometry analysis.

Flow cytometry was used to analyze the apoptosis of RRVECs in each group. Each group of cells was
cultured at 37° C in a 5% CO 2 incubator for 72 hours.A single suspension of cells was prepared from each
sample, and incubated in the dark for 15 minutes at room temperature. Solutions of Annexin (5 μl) and
propidium iodide (1μl) were added to cell suspension and incubated in the dark at room temperature for
15 minutes. After the incubation, 400 μl of annexin binding buffer was added, and �nally analyzed by
�ow cytometry.

Immunohistochemistry

The expression of NF-κB p65 in RRVECs was detected using immunohistochemical staining described
previously[[25]]. The cells were seeded on a 6-well plate cover glass. After 24 hours, the serum-free
medium was replaced and the culture was continued for 24 hours. The slides were removed,washed with
PBS and rabbit anti-human NF-κB p65 polyclonal antibody was added. The procedure was performed
according to the fungal avidin-peroxidase ligation immunohistochemistry kit. The cytoplasm showing
yellow or brown-yellow staining was considered positive. Ten high-power �eld of each slice was observed
and photographed under a microscope.The images were analyzed using a digital image analysis system.
The relative expression level of the target protein was calculated by the average value of the positive
cells.
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Detection of NF-κB Activity by EMSA.

 The Electrophoretic Mobility Shift Assay (EMSA) was performed using an NF-κB EMSA Kit (Thermo
Scienti�c, USA). The nucleoproteins in the RRVEC were extracted using a Nucleoprotein and Cytoplasmic
Protein Extraction Kit according to the manufacturer’s protocol. The following DNA sequences were
synthesized for EMSA analysis:

consensus oligonucleotides of NF-κB p65: 5’-AGTTGAGGGGACTTTCCCAGG C-3’ 3’-
TCAACTCCCCTGAAAGGGTCCG-5’. The NF-κB/DNA binding activity was determined with Light Shift
Chemiluminescent EMSA kit. The detailed procedure of EMSA has been described previously[[26 27]].

Western-Blotting.

The expression of NF-κBp65, phosphorylated NFκBp65, IKB-α, IL-1β, Bax and Bcl-2 in each group of
RRVEC were detected by western blot. The total protein was extracted from the cells and the target
proteins were detected. Protein samples and standard proteins diluted in PBS were respectively added to
96-well plates. Two parallel wells were set for each standard sample. Three parallel wells were set for the
sample to be tested, and 20 μl samples was added to each well. Two parallel wells with PBS were blank
controls. The liquid mixture of BCA protein with a ratio of 50:1 was added to each well in a 96-well plate,
and incubated at 37° C for 30 minutes in the dark.

The microwell plate was read at a wavelength of 568nm with a microplate reader. The linear regression
equation was calculated based on the standard protein concentration and the corresponding the value.
According to the value of the protein sample, the regression equation was used to calculate the sample
protein concentration. The extracted protein sample and �ve-time protein loading buffer were placed in
boiling water for 10 minutes to perform protein denaturation. Electrophoresis and transfer were
performed according to the literature method[[28]]. The membrane was blocked and the primary antibody
was added to incubate overnight at 4°C (GAPDH: 1:1000; NF-κBp65:1:10000; pNF-κBp65:1:1000; IKB-
α:1:1000; IL-1β:1:1000; Bcl-2: 1:1000; Bax: 1:2000). After washing the membrane 5-6 times, the
corresponding secondary antibody was added. After the membrane was washed, the �lms with
chemiluminescence were developed, �xed, and rinsed. BandScan was used to analyze the �lm gray value.
It was repeated 3 times.

Statistical methods

Statistical software SPSS20.0 was used for statistical analysis. The data were distributed by the Shapiro-
Wilk test, and the cell apoptosis rate was expressed as a percentage. Other experimental data were
expressed as the mean ± standard deviation (`x±s); the average between groups was homogeneity using
the variance by Levene test, and analysis of variance multiple comparisons(ANOVA) with Bonferroni’s
multiple comparison test was performed to analyze the data in more than two groups of variables.
P<0.05 was considered statistically signi�cant.
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Results
The isolated RRVECs were patina-like monolayer adherent growth after one week, when observed under
an inverted microscope. The cultured cells were strongly positive for vWF and CD31 expression which are
endothelial cell speci�c markers (Figure 1).

A Inverted phase contrast microscope image, RRVECs cultured for 7 days showed a paving stone-like
growth; B Immuno�uorescence microscope image, the green �uorescence of the cytoplasm by vWF
immuno�uorescence; C Immuno�uorescence microscope image, the red �uorescence of the cytoplasm
by CD31. All the nuclei were stained with DAPI.

 

Figure 1 Inverted phase microscopy and immuno�uorescence microscopy images of RRVECs.

(A) Inverted phase contrast microscope image, RRVECs cultured for 7 days showed a paving stone-like
growth; (B) Immuno�uorescence microscope image, the green �uorescence of the cytoplasm by vWF
immuno�uorescence; (C) Immuno�uorescence microscope image, the red �uorescence of the cytoplasm
by CD31. All the nuclei were stained with DAPI.

The ultrastructure changes in RRVECs were examined by transmission electron microscopy to detect
whether curcumin could reduce the damage caused by high glucose concentration. As were shown in
Figure2A-D, a signi�cant increase of retinal capillary basement membrane thickness, swollen cell and
shrunken nucleus in the high glucose group compared with the normal control group were
observed.However,with the treatment of curcumin, an obvious reduction in retinal capillary basement
membrane thickness and other abnormal structure including swollen cell and shrinkage of cellular
nucleus were detected in RRVECs.

 

Figure2. The ultrastructure changes of RRVECs detected by transmission electron microscopy

A. Normal RRVECs of the control group.  (B) RRVECs of the osmotic

control group. (C) High glucose group. A signi�cant increase of the structural abnormalities including
swollen cell and shrunken nucleus in RRVECs can be observed at the dose of 25mmol/L glucose. The
bold black arrow shows the swollen cellular and the thin black arrow shows the shrinkage cellular
nucleus. (D)Exposed to curcumin at the concentration of 30μmol/L, a signi�cant reduction in the
structural abnormalities induced by high glucose can be observed in the RRVECs, compared with those in
high glucose group without curcumin treatment. The bold black arrow shows the swollen cell and the thin
black arrow shows thrunken cellular nucleus.

Figure3A and 3B showed that the relative levels of ROS of RRVECs in control group, osmotic control
group, high glucose group and curcumin treatment group were signi�cantly different (p≤0.001).
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Compared with the control group, the relative content of ROS in RRVECs was signi�cantly increased in the
high glucose group (p≤0.001). Compared with the high glucose group, the relative content of ROS in the
RRVEC of the curcumin treatment group was signi�cantly decreased, and the difference was statistically
signi�cant (p≤0.001) (Figure3A, B).

Annexin V-FITC/PI double staining results revealed that the apoptosis rate of RRVECs in the control
group, high glucose group and curcumin treatment group was statistically signi�cant (p≤0.001).
Compared with the control group, the high glucose group showed signi�cantly increased RRVECs
apoptosis rate(p≤0.001). Furthermore, after the curcumin treatment with 30umol/L in RRVECs, the cell
apoptosis was decreased dramatically(p<0.05) (Figure3C, D).

 

Figure3 Comparison of relative ROS content and apoptosis rate of RRVECs by �ow cytometry in each
group.

A. The relative ROS content �ow chart; (B) ROS content of RRVECs histogram; *p<0.05; ** p<0.01

B. Cell apoptosis �ow chart; (D) Cell apoptosis histogram *p<0.05; ** p<0.01

 

The NF-κB signaling was detected by immunohistochemistry, western-blot and electrophoretic mobility
shift assay (EMSA). As illustrated in the Figure4(A-D), the expression of NF-κB p65 protein was positive in
the cytoplasm of RRVECs in the control group (Fig4A). The positive expression of NF-κB p65 protein was
found in the nucleus and cytoplasm of RRVECs in both high glucose group and curcumin treatment
group (Fig.4C, D). As compared with the control group, the expression of NF-κB was signi�cantly
increased in high glucose group (p<0.01). However, the expression of NF-κB was declined sharply in the
curcumin treatment group compared to the high glucose group (p<0.05). (Fig4E). The results of the EMSA
and western-blot tests demonstrated a similar results as immunohistochemistry. The binding activity of
transcription factor NF-κB was modulated by the treatment of curcumin, as is shown in Figure5A. In the
high glucose group, the activity of NF-κB binding DNA was increased. However, when the RRVECs were
incubated with the curcumin, the NF-κB activity was decreased.

 

Figure4. The detection of NF-κB signal activity and protein expression of RRVECs in each group by
immunohistochemistry.

(A) NF-κB protein expression detected by immunohistochemical staining in normal RRVECs; (B) NF-κB
protein expression detected by immunohistochemical staining in osmotic control group; (C) NF-κB protein
expression detected by immunohistochemical staining in RRVECs exposed to high glucose concentration;
(D) NF-κB protein expression detected by immunohistochemical staining in the curcumin treatment
group; (E) Histogram of relative NF-κB expression in each group. *p<0.05  **p<0.01
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Furthermore, the activity of NF-κBp65 was detected in RRVECs by Western-Blot test.As shown in Figure5B
and 5C, when RRVECs were exposed to 25μmol/L of glucose, both the expression of NF-κB and
phosphorylated NF-κB were increased signi�cantly, compared with the normal control group.With the
treatment of curcumin, the expression of NF-κB and pNF-κB were declined signi�cantly compared with
the high glucose group, respectively (p<0.05, p<0.01) (Fig5C).

 

Figure5. The detection of NF-κB signal activity and protein expression of RRVECs in each group by EMSA
and western-blot tests.

(A) NF-κB/DNA binding activity was examined by EMSA;

(B) NF-κBp65 protein and phosphorylated NF-κBp65 protein expression detected by Western-Blot assay in
each group; (C) Histogram of relative NF-κBp65 and phosphorylated NF-κBp65 expression in each group.
*p<0.05  **p<0.01

The results of the western-blot analysis showed that in high glucose group, the levels of IKb-α, IL-β and
Bax were dramatically increased, whereas, the expression of Bcl-2 was reduced in RRVECs, compared
with the control group. When it was treated with curcumin, the expression level of IKb-α, IL-β and Bax were
decreased, whereas Bcl-2 expression increased(Fig6A, B).

 

Figure6. Comparison of IKb-α IL-β Bax and Bcl-2 proteins expression in RRVECs in each group. *P<0.05
**P<0.01

A. Electropherogram of IKb-α  IL-β Bax and Bcl-2 protein expressions; (B) Histogram of IKb-α IL-β Bax
and Bcl-2 protein expressions

Discussion
Gupta et al[29] demonstrated that oral administration of curcumin to diabetic rats increased the
expression of antioxidant enzymes and superoxide dismutase in rat retina after 16 weeks, and inhibited
the expression of TNF-α and VEGF. The reduction of capillary basement membrane thickening, but the
study did not involve the possible cellular pathophysiological mechanisms. This study showed that
RRVECs exposed to glucose at 25 mmol/L concentration for 72 h were activated and a large number of
intracellular ROS was produced. Then, when they were treated with 30 µmol/L curcumin for 48 h, the
production of intracellular ROS was signi�cantly reduced. This suggests that curcumin can obviously
resist the oxidative stress caused by high glucose. The results of �ow cytometry test showed that
curcumin had a signi�cant inhibitory effect on the apoptosis of RRVECs induced by oxidative stress.
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Using transmission electron microscopy, the morphological characteristics of cellular abnormality were
detected in RRVECs induced by high glucose. It showed that a signi�cant increase in retinal capillary
basement membrane thickness compared to normal control RRVECs and osmolarity control group. The
nucleus and cytoplasm of RRVECs at high glucose displayed cellular swelling and cellular nucleus
shrinking. After curcumin treatment, it was demonstrated that curcumin ameliorated the abnormal
change of cellular structure in RRVECs.

The combined analysis of immunohistochemistry, EMSA and western-blot tests of NF-κB showed that the
level of phosphorylated NF-κB and NF-κB were signi�cantly elevated, when RRVECs exposed to the high
glucose. However, after treatment with curcumin, the level of phosphorylated NF-κB and NF-κB were
distinctly decreased. Immunohistochemical staining showed that when the RRVECs were induced by high
glucose, the expression of NF-κB p65 in the nucleus of the cells was signi�cantly increased, while the
expression of NF-κB p65 in the cytoplasm was decreased. It was demonstrated that NF-κB in the
cytoplasm of RRVECs entered into the nucleus and exerted transcriptional activity. With the treatment of
curcumin, the expression of NF-κB p65 was decreased in the cytoplasm of RRVECs,meanwhile, the NF-κB
in cytoplasm were inhibited from emtering to the nucleus. The western-blot assay had the consistent
results for the expressions of NF-κB and pNF-κB. The results indicated that curcumin could block the
signal of NF-κB which may reduce the oxidative stress response of high glucose-induced RRVECs. The
results of EMSA

Presented the same results as well. In the high glucose group, the activity of NF-κB/DNA binding was
increased, whereas, after curcumin treatment, the NF-κB activity was signi�cantly declined. These results
demonstrated that oxidative stress induced by high glucose could activate NF-κB as well as the
phosphorylated NF-κB, and curcumin could suppress the activity of NF-κB by anti-oxidative stress to
protect the RRVECs exposed to high glucose.

Bcl-2 and Bax regulated by NF-κB are the suppressor of apoptosis and pro-apoptosis gene, respectively.
The promoter region of Bcl-2 gene contains a binding site of NF-κB, and NF-κB can directly up-regulate or
promote the expression of Bcl-2 through other pathways [30–32]. To study the speci�c molecular
mechanism of curcumin in anti-oxidative stress, we observed the expression of Bcl-2 and Bax in RRVECs
exposed to high glucose.

We detected that the protein expression of Bax was dramatically increased, but the Bcl-2 protein
expression was diminished after the RRVECs were induced by high glucose.With the treatment of
curcumin, the expressions of NF-κB and Bax were declined obviously and the expression of Bcl-2 was
raised apparently. The consistency of the expressions of NF-κB p65, Bcl-2 and Bax protein in our study
showed that RRVECs induced by high glucose could activate NF-κB pathway, which resulted in the
decline of the expression of Bcl-2 protein and incline of the expression of Bax protein. However, curcumin
could suppress this process.

IL-1β,which is regulated by the transcription factor NF-κB is a major pro-in�ammatory cytokine involved in
the pathogenesis of oxidative stress. The binding sites of NF-κB have been identi�ed in the promoter of
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IL-1β. Activating the NF-κB pathway can induce the IL-1β expression lead to the recruitment of
in�ammatory cells, and increase of the activity of in�ammatory mediators[33–35]. The inactive form of
IL-1β(IL-1β 31KDa) must be cleaved into the active form (IL-1β 17KDa) and then release from the cell.
Moreover, in this study, it was demonstrated that the IL-1β 17KDa was increased signi�cantly in RRVECs
incubated with high glucose. However, when it was treated with curcumin, the expression of IL-1β 17KDa
was declined.

Conclusion
The results of this study indicate that curcumin can inhibit the production of ROS and the occurrence of
apoptosis in RRVEC induced by high glucose. The possible mechanism might be the suppression of NF-
κB expression leads to the increased expression of Bcl-2, and consequently, the cellular apoptosis is
alleviated. Therefore, it can be suggested that curcumin can protect the retinal vascular endothelial cells
by inhibiting NF-κB pathway and antagonizing oxidative stress. The more precise and profound
mechanism remains to be further con�rmed by extensive molecular biology studies.
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Figure 1

Inverted phase microscopy and immuno�uorescence microscopy images of RRVECs. (A) Inverted phase
contrast microscope image, RRVECs cultured for 7 days showed a paving stone-like growth; (B)
Immuno�uorescence microscope image, the green �uorescence of the cytoplasm by vWF
immuno�uorescence; (C) Immuno�uorescence microscope image, the red �uorescence of the cytoplasm
by CD31. All the nuclei were stained with DAPI.

Figure 2

The ultrastructure changes of RRVECs detected by transmission electron microscopy A. Normal RRVECs
of the control group. (B) RRVECs of the osmotic control group. (C) High glucose group. A signi�cant
increase of the structural abnormalities including swollen cell and shrunken nucleus in RRVECs can be
observed at the dose of 25mmol/L glucose. The bold black arrow shows the swollen cellular and the thin
black arrow shows the shrinkage cellular nucleus. (D)Exposed to curcumin at the concentration of
30μmol/L, a signi�cant reduction in the structural abnormalities induced by high glucose can be
observed in the RRVECs, compared with those in high glucose group without curcumin treatment. The
bold black arrow shows the swollen cell and the thin black arrow shows thrunken cellular nucleus.
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Figure 3

Comparison of relative ROS content and apoptosis rate of RRVECs by �ow cytometry in each group. (A)
The relative ROS content �ow chart; (B) ROS content of RRVECs histogram; *p<0.05; ** p<0.01 (B) Cell
apoptosis �ow chart; (D) Cell apoptosis histogram *p<0.05; ** p<0.01
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Figure 4

The detection of NF-κB signal activity and protein expression of RRVECs in each group by
immunohistochemistry. (A) NF-κB protein expression detected by immunohistochemical staining in
normal RRVECs; (B) NF-κB protein expression detected by immunohistochemical staining in osmotic
control group; (C) NF-κB protein expression detected by immunohistochemical staining in RRVECs
exposed to high glucose concentration;(D) NF-κB protein expression detected by immunohistochemical
staining in the curcumin treatment group; (E) Histogram of relative NF-κB expression in each group.
*p<0.05  **p<0.01
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Figure 5

The detection of NF-κB signal activity and protein expression of RRVECs in each group by EMSA and
western-blot tests. (A) NF-κB/DNA binding activity was examined by EMSA; (B) NF-κBp65 protein and
phosphorylated NF-κBp65 protein expression detected by Western-Blot assay in each group; (C)
Histogram of relative NF-κBp65 and phosphorylated NF-κBp65 expression in each group. *p<0.05
**p<0.01

Figure 6

Comparison of IKb-α IL-β Bax and Bcl-2 proteins expression in RRVECs in each group. *P<0.05 **P<0.01
A. Electropherogram of IKb-α  IL-β Bax and Bcl-2 protein expressions; (B) Histogram of IKb-α IL-β Bax
and Bcl-2 protein expressions


