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Abstract: Background: Diabetes mellitus (DM) is a chronic inflammatory disease, which causes
multiple complications. Diabetic retinopathy (DR) is among these complications and is a dominant
cause of vision loss for diabetic patients. Numerous studies have shown that chrysin, a flavonoid,
has many biological activities such as anti-oxidation and anti-inflammation. However, it is rarely
used in ocular diseases. In this study, we examined the inhibitory effects of flavonoid on high
glucose induced migration of chorioretinal endothelial cells (RF/6A cells) and its mechanism.
Materials and methods: The viability of RF/6A cells treated with chrysin was examined with a
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay. The migration of
RF/6A cells was assessed by the transwell migration and scratch wound assays. The expression of
AKT, ERK, vascular endothelial growth factor (VEGF), HIF−1α and MMP-2 were determined by
western blotting. To observe the mRNA expression of VEGF receptor (VEGFR), qRT-PCR, was utilized.
Results: The results showed that chrysin can dose-dependently inhibit the RF/6A cell migration
in vitro transwell and the scratch wound assays which are induced by high glucose. After pretreatment
of RF/6A cells with different concentrations of chrysin, they did not produce any cytotoxicity in
MTT assay. Moreover, chrysin down-regulated both phosphorylated AKT and ERK, as well as
attenuated the expression levels of MMP-2. It also decreased the expression of the VEGF transcription
factor and VEGF. Furthermore, it was shown that chrysin could suppress the protein and mRNA
expression levels of VEGFR. Conclusion: The results indicate that chrysin could down-regulate the
phosphorylation of AKT, ERK and MMP-2 and reduce the effects of VEGF and VEGFR in a high
glucose environment. It further inhibits the high glucose-induced migration of RE/6A cells. Therefore,
chrysin may have the potential for visual protection.
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1. Introduction

Diabetes mellitus (DM) is a type of metabolic disorder related to inflammation. It can cause
both macro- and microvascular complications which include cardiovascular diseases, retinopathy,
nephropathy, neuropathy, and poor wound healing. Diabetic retinopathy (DR) is a retinal microvascular
disease characterized by inflammatory and angiogenic pathways. Clinical assessments of DR reveal
typical microvascular features of initial retinal hemorrhages, lipid exudates, cotton wool spots,
and finally, neovascularization. Changes at the retinal neurovascular unit, a term referring to the
intricate functional coupling between neurons, glial cells, and blood vessels (the components of
blood-retinal barrier), are susceptible to diabetes [1,2]. Progressive diabetes damage can lead to changes
in the cellular environment. Vascular endothelial growth factor (VEGF) of glial cells increases and
releases inflammatory cytokines, which leads to the destruction of the blood-retinal barrier as well as
to angiogenesis, which is the main cause of DR vision damage [2]. The walls of the new vessels are not
intact and therefore fluid exudation occurs, which results in vision impairment [3].

Angiogenesis was known to be a multi-factorial process, and cell migration was one of the
initial processes. VEGF was known to play an important role in angiogenesis. The migration of
chorioretinal endothelial cell (EC) was noted to be related to AKT and ERK phosphorylation [4,5].
Matrix metalloproteinase-2 (MMP-2) also participated in cell migration processes [6,7]. Additionally,
a previous study revealed that chrysin, a kind of flavonoid, can decrease the expression of VEGF by
inhibiting HIF-1α protein synthesis and decreasing its structure stability [8].

Flavonoids are the largest group of heterocyclic compounds in plants and exist in vegetables
and fruits of any color, such as tomatoes, grapes, many kinds of nuts, beans, and even green tea.
Currently, over 5000 naturally occurring flavonoids have been characterized. Common flavonoids
include procyanidins, quercetin, chrysin, anthocyanin, apigenin, limonin, and catechin. Among them,
quercetin’s structure has been known to modulate and strengthen the immune system [9]. Chrysin’s
structure not only has the same immune modulating effect as quercetin’s structure, but has also been
noted to have characteristics of anti-tumor and tumor cell apoptosis induction [10,11]. In our previous
work, we noted that chrysin can protect keratinocyte from UVA and UVB damage, decrease reactive
oxygen species (ROS) formation, and prevent cells from apoptosis. Further, animal experiments
showed that chrysin can be absorbed by skin in mice without irritable injury [12]. We also found
that chrysin may have therapeutic potential against inflammatory skin diseases [13]. Chrysin was
also known to inhibit lipopolysaccharide (LPS) induced angiogenesis by down-regulating VEGF [14].
However, the anti-neovascular function of chrysin in diabetic retinopathy is not yet clear.

This study aimed to understand the role of chrysin in ophthalmology and investigate its role
in high-glucose related chorioretinal EC migration. We attempt to understand if chrysin can protect
chorioretinal EC from proliferation through the experimental model of high-glucose environment
simulated diabetes. The problem of DM worsens by day, while drug resistance and side effects of the
hypoglycemic drugs make the situation even worse and stricter [15]. Searching for effective ingredients,
extracted from natural products, which can be used as alternative treatment or prevention is imperative,
and chrysin is one of these discoveries. Our results will help evaluate whether chrysin has further
potential in the prevention or treatment of diabetes and related complications.

2. Results

2.1. Chrysin Showed No Cytotoxicity to RF/6A Cells

To confirm that the decrease of high-glucose induced migration was not due to the toxicity of
chrysin, an MTT assay was used. Adding different concentrations of chrysin showed no cytotoxic effect
on cell survival (Figure 1A), even under a very high concentration of 30 µM or 50 µM. The different
osmolarity of high-glucose and normal-glucose culture mediums also showed no influence to cell
survival compared with a control group of mannitol (30 mM) simulated hyperosmotic status (Figure 1B).
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Further experiments also showed that under different osmolarity of high glucose and normal glucose
medium, different concentrations of chrysin had no effect on cell survival (Figure 1C).
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Figure 1. Cell viability was tested under different concentrations of chrysin or sugar. (A) The cell 
viability of RF/6A cells treated with chrysin at different concentrations. RF/6A cells treated with 
chrysin at different concentrations (1, 3, 10, 30, and 50 µM) and the 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) assay was then performed for cytotoxicity. (B) RF/6A cells 

Figure 1. Cell viability was tested under different concentrations of chrysin or sugar. (A) The cell viability
of RF/6A cells treated with chrysin at different concentrations. RF/6A cells treated with chrysin at different
concentrations (1, 3, 10, 30, and 50µM) and the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay was then performed for cytotoxicity. (B) RF/6A cells were cultured in normal
glucose (5.5 mM), high glucose (30 mM), or mannitol (30 mM) medium for 24 h and the MTT assay
was then performed for cell viability. Results are expressed as the percentage of control and mean ±
standard error (SE). (C) RF/6A cells were treated with chrysin at different concentrations (1, 3, 10, 30,
and 50 µM) for 24 h and then cultured in normal glucose or high glucose, before the MTT assay was
performed for viability. Results are expressed as the percentage of control and mean ± SE.
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2.2. Chrysin Inhibited High-Glucose Induced RF/6A Migration via Inhibiting AKT and ERK Phosphorylation
and Decreasing MMP-2 Expression

Transwell experiments were used to understand the effect of chrysin on high-glucose-induced RF/6A
migration. RF/6A migration could be induced only under high-glucose, but not the normal-glucose
environment. However, the hyperosmotic state medium does not affect cell migration (Figure 2).

Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 5 of 17 

 

were cultured in normal glucose (5.5 mM), high glucose (30 mM), or mannitol (30 mM) medium for 
24 h and the MTT assay was then performed for cell viability. Results are expressed as the percentage 
of control and mean ± standard error (SE). (C) RF/6A cells were treated with chrysin at different 
concentrations (1, 3, 10, 30, and 50 µM) for 24 h and then cultured in normal glucose or high glucose, 
before the MTT assay was performed for viability. Results are expressed as the percentage of control 
and mean ± SE. 

2.2. Chrysin Inhibited High-Glucose Induced RF/6A Migration via Inhibiting AKT and ERK 
Phosphorylation and Decreasing MMP-2 Expression 

Transwell experiments were used to understand the effect of chrysin on high-glucose-induced 
RF/6A migration. RF/6A migration could be induced only under high-glucose, but not the normal-
glucose environment. However, the hyperosmotic state medium does not affect cell migration (Figure 
2). 

 
Figure 2. Chrysin inhibited high-Glucose induced RF/6A migration by the transwell assay. (A) RF/6A 
cells’ migration was promoted by high glucose. RF/6A cells were cultured in normal glucose, high 
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afterwards. NG: normal glucose; HG: high glucose; M: mannitol. (B) The quantitative results of the 
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Figure 2. Chrysin inhibited high-Glucose induced RF/6A migration by the transwell assay. (A) RF/6A
cells’ migration was promoted by high glucose. RF/6A cells were cultured in normal glucose,
high glucose, or mannitol medium for 24 h. The transwell assay was performed for cell migration
afterwards. NG: normal glucose; HG: high glucose; M: mannitol. (B) The quantitative results of
the transwell cell migration assay for RF/6A cells cultured in normal glucose (5.5 mM), high glucose
(30 mM), or mannitol (30 mM) medium for 24 h. Results are expressed as a percentage of control and
mean ± SE. *p < 0.05, vs. control. Scale bar, 50 µm.

RF/6A cells pre-treated with chrysin (3 µM, 10 µM, and 30 µM) represented resistance to high-glucose
induced cell migration in the transwell assay (Figure 3). VEGF was added to the normal-glucose group to
confirm its effect on inducing RF/6A migration even under the normal-glucose environment in advance.
Our data showed that the VEGF-induced migration could also be inhibited by the pretreatment of
chrysin. These inhibitory effects occurred in a concentration dependent manner (Figure 3). Moreover,
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these effects were confirmed once more by the scratch wound assays. We also found that chrysin
dose-dependently inhibits the migration of RF/6A in experiments of scratching wound (Figure 4).

Next, we further studied the roles of AKT and ERK in the inhibition of high glucose-induced RF/6A
migration by chrysin. Results showed that the highest expression of AKT and ERK phosphorylation
were developed after 15 min of high-glucose stimulation (Figure 5A). After pretreatment of chrysin,
the phosphorylation of AKT and ERK was found to decrease (Figure 5B). Moreover, results showed
that chrysin has down-regulation of MMP-2 expression under the high-glucose environment in RF/6A
cells (Figure 5C).
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Figure 3. The quantitative results of the transwell assay for RF/6A cells treated chrysin and cultured
in normal glucose, high glucose, or normal glucose with VEGF. The inhibitory effects of RF/6A cell
migration treated with chrysin at different concentrations (3, 10, 30 µM) for 24 h and then cultured in
normal glucose (5.5 mM), high glucose (30 mM), or normal glucose with vascular endothelial growth
factor (VEGF) (25 pg/mL), for 24 h. The transwell assay was performed subsequently for cell migration.
Results are expressed as a percentage of control and mean ± SE. *p < 0.05, vs. control, *p < 0.05, vs. high
glucose group control, *p < 0.05, vs. normal with VEGF group control.
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glucose (30 mM), or normal glucose with 25 pg/mL VEGF through the wound healing assay. RF/6A 
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Figure 4. Chrysin inhibited high-glucose induced RF/6A migration by scratch wound assay.
The inhibitory effects of RF/6A cell migration treated with chrysin in normal glucose (5.5 mM),
high glucose (30 mM), or normal glucose with 25 pg/mL VEGF through the wound healing assay.
RF/6A cells were treated chrysin at different concentrations (3, 10, 30 µM) for 24 h and then cultured in
normal glucose (A) high glucose (B) or normal glucose with VEGF (C) for 24 h. The wound-healing
assay was performed for cell migration. (D) The quantitative results of the wound healing assay for
RF/6A cells treated chrysin and cultured in normal glucose, high glucose, or normal glucose with VEGF.
Results are expressed as a percentage of control and mean ± SE. *p < 0.05, vs. control, *p < 0.05, vs. high
glucose group control, *p < 0.05, vs. normal with VEGF group control. Scale bar, 50 µm.



Int. J. Mol. Sci. 2020, 21, 5541 7 of 15

Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 8 of 17 

 

normal glucose (A) high glucose (B) or normal glucose with VEGF (C) for 24 h. The wound-healing 
assay was performed for cell migration. (D) The quantitative results of the wound healing assay for 
RF/6A cells treated chrysin and cultured in normal glucose, high glucose, or normal glucose with 
VEGF. Results are expressed as a percentage of control and mean ± SE. *p < 0.05, vs. control, *p < 0.05, 
vs. high glucose group control, *p < 0.05, vs. normal with VEGF group control. Scale bar, 50 µm. 

Next, we further studied the roles of AKT and ERK in the inhibition of high glucose-induced 
RF/6A migration by chrysin. Results showed that the highest expression of AKT and ERK 
phosphorylation were developed after 15 min of high-glucose stimulation (Figure 5A). After 
pretreatment of chrysin, the phosphorylation of AKT and ERK was found to decrease (Figure 5B). 
Moreover, results showed that chrysin has down-regulation of MMP-2 expression under the high-
glucose environment in RF/6A cells (Figure 5C). 

 
Figure 5. Chrysin inhibited AKT and ERK phosphorylation and decreasing MMP-2 expression.(A) 
The time course for high glucose up-regulated AKT and ERK phosphorylation. RF/6A cells were 
cultured in a high glucose medium (30 mM) and harvested at different time points (5, 15, 30 min). 
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quantification data is shown on the right panel. (B) Chrysin down-regulated AKT and ERK 
phosphorylation induced by high glucose. RF/6A cells were treated with chrysin and then harvested 
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2.3. Chrysin Inhibits the HIF-1α and VEGF Expression 

Figure 5. Chrysin inhibited AKT and ERK phosphorylation and decreasing MMP-2 expression. (A) The
time course for high glucose up-regulated AKT and ERK phosphorylation. RF/6A cells were cultured
in a high glucose medium (30 mM) and harvested at different time points (5, 15, 30 min). Subsequently,
the western blot analysis was performed for the phosphorylation of AKT and ERK. The quantification
data is shown on the right panel. (B) Chrysin down-regulated AKT and ERK phosphorylation induced
by high glucose. RF/6A cells were treated with chrysin and then harvested after changing high
glucose for 15 min. A western blot analysis was performed for the phosphorylation of AKT and ERK.
The quantification data is shown on the right panel. (C) Chrysin suppressed MMP-2 expression levels
induced by high glucose with the quantification data being shown on the right panel. All data was
acquired by means of ± SE from at least three independent experiments. *p < 0.05, vs. control.

2.3. Chrysin Inhibits the HIF-1α and VEGF Expression

The amount of VEGF expressed at different time points of high-glucose stimulation (0, 3, 6, 16, 24,
48 h) was confirmed. Highest VEGF expression was found at 16 h (Figure 6A). In the high-glucose
environment, we found that the expression of intracellular VEGF decreased after pre-treatment
of chrysin in RF/6A cells (Figure 6B). Furthermore, we studied the effect of chrysin on the VEGF
transcription factor, HIF-1α, and found that high glucose stimulation for 16 h can increase the expression
of induced HIF-1α. Pretreatment with different concentrations of chrysin will inhibit the expression
effects in a dose-dependent manner (Figure 6C).
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Figure 6. Chrysin Inhibited the HIF-1α and VEGF expression. (A) The time course for VEGF expression
levels induced by high glucose. RF/6A cells were cultured in the high glucose medium (30 mM) and
harvested at different time points (0, 3, 6, 16, 24, 48 h). Subsequently, a western blot analysis was
performed for the expression levels of VEGF with the quantification data being displayed on the right
panel. (B) The effects of the intracellular expression levels of VEGF with chrysin treatment and high
glucose with the quantification data being shown on the right panel. (C) The effects of the expression
levels of HIF-1α with chrysin treatment and high glucose with the quantification data being shown on
the right panel. All data was acquired by means of ± SE from at least three independent experiments.
*p < 0.05, vs. control.

2.4. Chrysin Down-Regulates VEGF Receptor Proteins and mRNA Expression

qRT-PCR was used to observe the mRNA expression of RF/6A cells after pretreatment of chrysin
in a high glucose environment. Results showed that the mRNA expression of VEGFR decreased after
pretreatment of chrysin (Figure 7A,B). Further observations of the relationship between the amount of
the protein expressed and the mRNA expressed showed that the pretreatment of chrysin effectively
down-regulated the protein expression of VEGFR (Figure 7C). These results indicate that chrysin might
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inhibit high-glucose induced chorioretinal endothelium migration by down-regulating the expression
of VEGFR.
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Figure 7. Chrysin decreased the mRNA levels of VEGF receptor1 (A) and VEGF receptor2. (B) RF/6A
cells were treated with chrysin and then harvested after charging high glucose (30 mM) for 16 h, and
qRT-PCR was performed for the mRNA expression levels. Results are expressed as a percentage of
control and mean ± SE. *p < 0.05 vs. control. (C) Chrysin reduced the protein expression levels of VEGF
receptors. RF/6A cells were treated with chrysin and then harvested after changing high glucose for 16 h.
A western blotting was performed for the protein expression levels with the quantification data shown
on the right panel. All data was acquired by means of ± SE from at least three independent experiments.

3. Discussion

DM basically means that the glucose present in blood cannot be used effectively. This leads to
high glucose concentration and eventually, to glucose excretion in the urine. Hyperglycemia causes
chronic inflammation and also promotes abundant cells to migrate, eventually moving to their final
destination and beginning angiogenesis via factors including VEGF [16]. Many diabetic patients suffer
from substantial vision loss due to proliferative retinopathy. Intravitreal injection of anti-VEGF drugs can
have a positive effect on extensive retinal edema and proliferative vascular retraction. However, it cannot
completely inhibit retinal angiogenesis for the reaction time requires less in vitro. Further, anti-VEGF
drugs have also been found to have adverse reactions. At present, many people are increasingly interested
in plant polyphenols as an alternative method to treat or prevent diabetic retinopathy [17,18].

In this study, chorioretinal EC (RF/6A) was used as the main cell model for retinopathy and
cultured under high glucose conditions to mimic the environment of high blood glucose. Although
the endothelial characteristics of RF/6A cells were questioned [19], abundant literature shows that
RF/6A cells are still used as endothelial cell lines to model retinal and choroidal angiogenesis [20–24].
Culturing ECs under high-glucose conditions cannot mimic all characteristics of DM but might explain
the endothelial growth factor autocrine mechanism of the ECs [25,26]. On the other hand, chrysin,
a flavonoid found in propolis and honey, was chosen as the target agent. Its biological characteristics
have been approved by previous studies. Our previous work, as well as other scholarly works,
found that chrysin can provide antioxidant, anti-inflammatory, and anti-angiogenic effects [13,27–34].
The results of this study allow us to have better understanding of the possible pharmacological
mechanism and biological activity of chrysin in DR. In the future, it can provide evidence for the
prevention or treatment of retinopathy by utilizing chrysin.
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Our results show that chrysin can inhibit high-glucose induced chorioretinal EC migration,
even in the transwell assay or in the wound healing experiment with normal blood glucose condition
(5.5 mM) as the control. We performed a survival experiment to make sure that the effect was not
caused by cytotoxicity, but the decrease of cell migration. This experiment revealed chrysin had no
cytotoxic effect on choridal ECs and did not influence chorioretinal ECs viabilities under high-glucose
and high-osmotic conditions. According to the literature, mitogen-activated protein kinase (MAPK),
and AKT played important roles in cell migration and cell survival [35–38]. The MAPK family includes
members such as P38, ERK, and c-Jun N-terminal kinase (JNK). It has been proven that the MAPK
family could regulate cell proliferation, cell migration, cell differentiation, and cell survival [39].
Moreover, in the development of tumors, ERK can regulate VEGF and HIF-1α activity [40,41]. On the
other hand, AKT has also been proven to have a large amount of bioactivities, such as regulation of
angiogenesis, cell migration, cell survival, and cell proliferation [42]. In one of our previous studies,
lutein, a carotenoid, could down-regulate AKT phosphorylation in retinal pigmented epithelium
(RPE) and thereby inhibit cell migration [36]. Thus, the pathway of the MAPK family and the role
of AKT in chrysin’s regulation of cell migration were also investigated in the aforementioned study.
From our results, it was speculated that chrysin inhibits high-glucose induced chorioretinal EC
migration through down-regulation of AKT and ERK phosphorylation. AKT and ERK participated in
the signal transduction of cell migration, but other members of MAPK included P38 and JNK showed
no significant differences.

Extracellular matrix (ECM) consists of collagen, proteoglycans, carbohydrates, and glycoproteins.
It acts as cell fixation, cell support, and regulation of signal transduction. Further, ECM has been
proven to regulate tumor metastasis [43,44]. Matrix metalloproteinase (MMP) is a family of enzymes
which can degrade ECM. The structure and function of most members of the MMP family have been
widely understood. In particular, MMP-2 and MMP-9 are gelatinase and play important roles in cell
migration and angiogenesis. They degrade gelatin and cause ECM to release signals related to cell
migration or angiogenesis [44]. Our results confirm that chrysin can inhibit the expression of MMP-2
in a high-glucose environment, and this inhibitory phenomenon of MMP may be attributed to one of
the mechanisms of chrysin’s inhibition of cell migration.

Previous studies have shown that VEGF expression increased in the serum and vitreous of patients
has a positive relationship with blood glucose level [25,45,46]. In our study, we did find that the
expression of VEGF in chorioretinal endothelial cells could be triggered in high glucose environment
(Figure 6A). Then, the pretreatment of chrysin could inhibit the expression of VEGF (Figure 6B) and
reduce the transcription factor HIF-1α (Figure 6C). Some previous studies have also shown that
chrysin reduces the expression of HIF-1α by inhibiting the protein synthesis and stability of HIF-1α [8].
This, in turn, reduces the expression of VEGF and inhibits angiogenesis. Recently, chrysin was also
found to inhibit laser-induced choroidal neovascularization (CNV) and down-regulate HIF-1α and
VEGF expression [34]. Integrating these results, we speculate that the inhibitory effect of chrysin on
the expression of HIF-1α and VEGF in a high glucose environment may contribute to the prevention or
treatment of DR. This mechanism deserves further study.

Further, previous studies have also shown that chrysin inhibits LPS-induced angiogenesis by
down-regulating VEGFR [14]. Consequently, we also investigated whether VEGFR could be related
to the inhibitory effects of chrysin in a high-glucose related EC migration. Our results showed that
expressions of VEGF receptor 1 and 2 proteins and mRNA were decreased under a high-glucose
condition after pretreatment of chrysin. This effect might contribute to the inhibitory effect of chrysin
and determine the expression of VEGF. We believe this is worth researching further. Moreover,
we believe that the mechanisms underlying the patho-physiology and treatment of a disease are
more complex and multi-factorial than in vitro cell experimental models. It is generally known that
cultured cells do not entirely mimic diseased cells. However, the current data indicate that chrysin
may have good potential in ocular neovascularization, such as choroidal neovascularization, diabetic
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retinopathy, etc. In the future, it is necessary to prove its efficacy through primary endothelial cells or
in vivo experiments.

4. Materials and Methods

4.1. Cell Culture

The rhesus macaque choroid-retinal (chorioretinal) endothelial cell line RF/6A derived from
the choroid-retina of a rhesus macaque fetus were purchased from Food Industry Research and
Development Institute (Hsinchu, Taiwan). The cells were maintained with a low concentration of
glucose (5.5 mM) Dulbecco’s modified Eagles medium (DMEM) as well as supplemented with 10%
fetal bovine serum (FBS, Gibco, Gaithersburg, MD, USA) and 1% penicillin (Hyclone, UT, USA) at 37 ◦C,
5% CO2, and 95% humidified air. For most of the experiments, cells reaching 90–95% of confluence
were synchronized for 24 h by serum starvation before they were subjected to further analysis.

4.2. Chrysin Treatment and High-Glucose Induction

Chrysin was purchased from Sigma-Aldrich, with a purity level of 97%. Chrysin was prepared
by dilution with dimethyl sulfoxide (DMSO) to 30 mM and further to desired concentrations with
culture mediums. RF/6A cells were cultured in a chrysin culture medium. The chrysin culture medium
was removed after 24 h of treatment. A high glucose concentration of medium (30 mM) was added
according to the demands of each experiment to induce damage and take mannitol (30 mM) as control
group in hyperosmotic status.

4.3. MTT Viability Assay

The viability of the cells was decided by the MTT assay. Chrysin-treated RF/6A cells were
incubated for 24 h. After a brief wash with the medium, 0.5 mg/mL MTT in DMSO was used for the
quantification of living and metabolically active cells. Mitochondrial dehydrogenases in viable cells
can reduce MTT to a purple formazan dye, which was analyzed by recording changes in absorbance at
550 nm using a spectrophotometer. Cell viability was proportional to the absorbance measured.

4.4. Transwell Assays

The transwell RF/6A cells migration assays were measured through a modified Boyden chamber
model (Transwell apparatus, 8.0 µm pore size, Costar). For detection of RF/6A cell migration in the
transwell, the lower faces of polycarbonate filters (Transwell insert) were coated with fibronectin
(0.3 mg) 1 h before the experiment in the laminar flow hood. The lower chamber was filled with
different concentrations of glucose. RF/6A cells (3 × 104 cells, 200 µL) were plated to the upper chamber.
After 5 h of incubation, the inserts were removed and the inner side was wiped with cotton swabs.
All cells that had migrated were fixed and stained with 0.5% toluidine blue in 4% PFA. The migrated
cells were counted as the number of stained cells per × 100 field (high power field, HPF) under a
phase-contrast microscope (Leica DMIL1) and photographed.

4.5. Scratch Wound Assay

The culture plate with pre-treated RF/6A was scratched with a cross wound through the entire
center of the well and then washed with PBS. The plate was photographed under a microscope and then
filled with different concentrations of the glucose medium. After 24 h of incubation, the culture medium
was removed and the cross wound was photographed under a microscope. The polygon selection
mode was used to quantified the area of wound by Java’s Image J software (http://rsb.info.nih.gov).
The percentage of wound closure was expressed:

% of wound closure = [(At = 0 h − At = 24 h)/At = 0 h] × 100%
At = 0 h: the area of wound measured immediately after scratching.
At = 24 h: the area of wound measured 24 h after scratching.

http://rsb.info.nih.gov
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4.6. Western Blotting Analysis

Western blotting analysis was used to understand the expression and activity of AKT (Cell
Signaling: #4058, MA, USA), ERK (Santa Cruz: sc-7383, CA, USA), VEGF (R&D Systems: MAB293-100,
MN, USA), HIF-1α (Cell Signaling: #14179, MA, USA), and MMP-2 (GeneTex: GTX104577, CA, USA),
and all antibody dilution ratios were 1/1000. RF/6A cells pre-treated with different concentrations
of chrysin were cultured with different concentrations of glucose. RF/6A cells were then lysed in
a radioimmunoprecipitation assay buffer. After sonication, the lysate was centrifuged (13,200× g
for 10 min at 4 ◦C) and the supernatant was removed. The protein content was quantified by a
Pierce bicinchoninic acid (BCA) protein assay kit (Rockford, IL, USA). Total protein was separated
by gel electrophoresis (10% SDS-polyacrylamide gels). The proteins were then electroblotted onto
polyvinylidene fluoride (PVDF) membranes and probed using the indicated antibodies. Immunoblots
were detected by enhanced chemiluminescence (Chemiluminescence Reagent Plus from NEN Life
Science Products, Boston, MA).

4.7. Real-Time Quantitative RT-PCR

After chrysin pre-treatment and different concentrations of glucose medium culture, total RNA of
RA/6A was isolated using the total RNA Plus Mini kit (Taigen Bioscience Corporation, Taiwan) according
to the manufacturer’s instructions and reverse-transcribed into cDNA using the iScript™ cDNA Synthesis kit
(Bio-Rad, Hercules, CA). The qPCR was performed using the StepOnePlus™ Real-Time PCR System (Applied
Biosystems, Foster City, CA, US) with SYBR green (Applied Biosystems, Foster City, CA, US). Primer sequences
used in the PCR reactions are VEGF, forward primer 5′-AGTTCCACCACCAAACATGC-3′, reverse primer
5′-TGAAGGGACACAACGACACA-3′; GAPDH, forward primer 5′-CTTTGGTATCGTGGAAGGACTC-3′,
reverse primer 5′-GTAGAGGCAGGGATGTTCT-3′; VEGF receptor 1, forward primer 5′-GGGTCACATC
ACCTAACATCAC-3′, reverse primer 5′-CCTTTCTGCTGTCCCAGATTAC-3′; VEGF receptor 2, forward
primer 5′-GACATGTACGGTCTACGCTATTC-3′, reverse primer 5′-CCTCCACACTTCTCCATTCTTC-3′.
Data were normalized relative to GAPDH expression and evaluated using the equation: fold change = 2−∆∆Ct.

4.8. Statistical Analysis

Results were analyzed with SigmaPlot for Windows (Version 10.00). The data was acquired by
means of ± SE from at least three independent experiments. The t-test was performed to determine the
difference between groups. A value of p < 0.05 was considered statistically significant.

5. Conclusions

In summary, previous published literature as well as our study suggest that chrysin has the
bio-characteristics of inhibiting high-glucose induced cell migration. This conclusion helps the future
development of nature product extraction. Currently, laser photocoagulation therapy is the main
clinical treatment of diabetic retinopathy, even though it has the side effect of decreased visual sensitivity.
This study provided important evidence for chrysin supplement as a good candidate in the treatment
or even prevention of diabetic retinopathy.
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Abbreviations

VEGF Vascular endothelial growth factor
VEGFR Vascular endothelial growth factor receptor
DM Diabetes mellitus
DR Diabetic retinopathy
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
HIF-1α Hypoxia-inducible factor 1-alpha
MMP-2 Matrix metalloproteinase-2
qRT-PCR Quantitative real time polymerase chain reaction
AKT Protein kinase b
ERK Extracellular signal-regulated kinase
ROS Reactive oxygen species
LPS Lipopolysaccharide
EC Endothelial cells
MAPK Mitogen-activated protein kinase
JNK C-Jun N-terminal kinase
RPE Retinal pigmented epithelium
ECM Extracellular matrix
CNV Choroidal neovascularization
DMEM Dulbecco’s modified Eagles medium
FBS Fetal bovine serum
DMSO Dimethyl sulfoxide
PFA Paraformaldehyde
HPF High power field
PBS Phosphate buffered saline
BCA Bicinchoninic acid
SDS Sodium dodecyl sulfate
PVDF Polyvinylidene fluoride
SE Standard error

References

1. Metea, M.R.; Newman, E.A. Signaling within the neurovascular unit in the mammalian retina. Exp. Physiol.
2007, 92, 635–640. [CrossRef] [PubMed]

2. Gardner, T.W.; Davila, J.R. The neurovascular unit and the pathophysiologic basis of diabetic retinopathy.
Graefe’s Arch. Clin. Exp. Ophthalmol. 2017, 255, 1–6. [CrossRef] [PubMed]

3. Green, W.R.; Wilson, D.J. Choroidal neovascularization. Ophthalmology 1986, 93, 1169–1176. [CrossRef]
4. Chan, C.M.; Hsiao, C.Y.; Li, H.J.; Fang, J.Y.; Chang, D.C.; Hung, C.F. The Inhibitory Effects of Gold

Nanoparticles on VEGF-A-Induced Cell Migration in Choroid-Retina Endothelial Cells. Int. J. Mol. Sci. 2019,
21, 109. [CrossRef] [PubMed]

5. Zubilewicz, A.; Hecquet, C.; Jeanny, J.; Soubrane, G.; Courtois, Y.; Mascarelli, F. Proliferation of CECs requires dual
signaling through both MAPK/ERK and PI 3-K/Akt pathways. Investig. Ophthalmol. Vis. Sci. 2001, 42, 488–496.

6. Quintero-Fabian, S.; Arreola, R.; Becerril-Villanueva, E.; Torres-Romero, J.C.; Arana-Argaez, V.; Lara-Riegos, J.;
Ramirez-Camacho, M.A.; Alvarez-Sanchez, M.E. Role of Matrix Metalloproteinases in Angiogenesis and
Cancer. Front. Oncol. 2019, 9, 1370. [CrossRef]

7. Webb, A.H.; Gao, B.T.; Goldsmith, Z.K.; Irvine, A.S.; Saleh, N.; Lee, R.P.; Lendermon, J.B.; Bheemreddy, R.;
Zhang, Q.; Brennan, R.C.; et al. Inhibition of MMP-2 and MMP-9 decreases cellular migration, and angiogenesis
in in vitro models of retinoblastoma. BMC Cancer 2017, 17, 434. [CrossRef]

8. Fu, B.; Xue, J.; Li, Z.; Shi, X.; Jiang, B.H.; Fang, J. Chrysin inhibits expression of hypoxia-inducible factor-1alpha
through reducing hypoxia-inducible factor-1alpha stability and inhibiting its protein synthesis. Mol. Cancer Ther.
2007, 6, 220–226. [CrossRef]

9. Singh, D.; Tanwar, H.; Jayashankar, B.; Sharma, J.; Murthy, S.; Chanda, S.; Singh, S.B.; Ganju, L. Quercetin exhibits
adjuvant activity by enhancing Th2 immune response in ovalbumin immunized mice. Biomed. Pharmacother.
2017, 90, 354–360. [CrossRef]

http://dx.doi.org/10.1113/expphysiol.2006.036376
http://www.ncbi.nlm.nih.gov/pubmed/17434916
http://dx.doi.org/10.1007/s00417-016-3548-y
http://www.ncbi.nlm.nih.gov/pubmed/27832340
http://dx.doi.org/10.1016/S0161-6420(86)33609-1
http://dx.doi.org/10.3390/ijms21010109
http://www.ncbi.nlm.nih.gov/pubmed/31877924
http://dx.doi.org/10.3389/fonc.2019.01370
http://dx.doi.org/10.1186/s12885-017-3418-y
http://dx.doi.org/10.1158/1535-7163.MCT-06-0526
http://dx.doi.org/10.1016/j.biopha.2017.03.067


Int. J. Mol. Sci. 2020, 21, 5541 14 of 15

10. Ryu, S.; Lim, W.; Bazer, F.W.; Song, G. Chrysin Induces Death of Prostate Cancer Cells by Inducing ROS and
ER Stress. J. Cell. Physiol. 2017, 232, 3786–3797. [CrossRef]

11. Salimi, A.; Roudkenar, M.H.; Seydi, E.; Sadeghi, L.; Mohseni, A.; Pirahmadi, N.; Pourahmad, J. Chrysin as an
Anti-Cancer Agent Exerts Selective Toxicity by Directly Inhibiting Mitochondrial Complex II and V in CLL
B-lymphocytes. Cancer Investig. 2017, 35, 174–186. [CrossRef] [PubMed]

12. Wu, N.L.; Fang, J.Y.; Chen, M.; Wu, C.J.; Huang, C.C.; Hung, C.F. Chrysin protects epidermal keratinocytes
from UVA- and UVB-induced damage. J. Agric. Food Chem. 2011, 59, 8391–8400. [CrossRef] [PubMed]

13. Li, H.J.; Wu, N.L.; Pu, C.M.; Hsiao, C.Y.; Chang, D.C.; Hung, C.F. Chrysin alleviates imiquimod-induced
psoriasis-like skin inflammation and reduces the release of CCL20 and antimicrobial peptides. Sci. Rep. 2020,
10, 2932. [CrossRef] [PubMed]

14. Lin, C.M.; Chang, H.; Li, S.Y.; Wu, I.H.; Chiu, J.H. Chrysin inhibits lipopolysaccharide-induced angiogenesis via
down-regulation of VEGF/VEGFR-2(KDR) and IL-6/IL-6R pathways. Planta Med. 2006, 72, 708–714. [CrossRef]

15. Kalra, S.; Mukherjee, J.J.; Venkataraman, S.; Bantwal, G.; Shaikh, S.; Saboo, B.; Das, A.K.; Ramachandran, A.
Hypoglycemia: The neglected complication. Indian J. Endocrinol. Metab. 2013, 17, 819–834. [CrossRef]

16. Behl, T.; Kotwani, A. Exploring the various aspects of the pathological role of vascular endothelial growth
factor (VEGF) in diabetic retinopathy. Pharmacol. Res. 2015, 99, 137–148. [CrossRef]

17. Rodriguez, M.L.; Perez, S.; Mena-Molla, S.; Desco, M.C.; Ortega, A.L. Oxidative Stress and Microvascular
Alterations in Diabetic Retinopathy: Future Therapies. Oxid Med. Cell. Longev. 2019, 2019, 4940825. [CrossRef]

18. Rossino, M.G.; Casini, G. Nutraceuticals for the Treatment of Diabetic Retinopathy. Nutrients 2019, 11, 771.
[CrossRef]

19. Makin, R.D.; Apicella, I.; Nagasaka, Y.; Kaneko, H.; Turner, S.D.; Kerur, N.; Ambati, J.; Gelfand, B.D. RF/6A
Chorioretinal Cells Do Not Display Key Endothelial Phenotypes. Invest. Ophthalmol. Vis. Sci. 2018, 59, 5795–5802.
[CrossRef]

20. Sardar Pasha, S.P.B.; Sishtla, K.; Sulaiman, R.S.; Park, B.; Shetty, T.; Shah, F.; Fishel, M.L.; Wikel, J.H.; Kelley, M.R.;
Corson, T.W. Ref-1/APE1 Inhibition with Novel Small Molecules Blocks Ocular Neovascularization. J. Pharmacol.
Exp. Ther. 2018, 367, 108–118. [CrossRef]

21. Mei, X.; Zhou, L.; Zhang, T.; Lu, B.; Sheng, Y.; Ji, L. Chlorogenic acid attenuates diabetic retinopathy by
reducing VEGF expression and inhibiting VEGF-mediated retinal neoangiogenesis. Vasc. Pharmacol. 2018,
101, 29–37. [CrossRef] [PubMed]

22. Shanmuganathan, S.; Angayarkanni, N. Chebulagic acid Chebulinic acid and Gallic acid, the active principles
of Triphala, inhibit TNFalpha induced pro-angiogenic and pro-inflammatory activities in retinal capillary
endothelial cells by inhibiting p38, ERK and NFkB phosphorylation. Vasc. Pharmacol. 2018, 108, 23–35.
[CrossRef] [PubMed]

23. Li, R.; Du, J.; Yao, Y.; Yao, G.; Wang, X. Adiponectin inhibits high glucose-induced angiogenesis via inhibiting
autophagy in RF/6A cells. J. Cell. Physiol. 2019, 234, 20566–20576. [CrossRef] [PubMed]

24. Li, F.; Bai, Y.; Zhao, M.; Huang, L.; Li, S.; Li, X.; Chen, Y. Quercetin inhibits vascular endothelial growth
factor-induced choroidal and retinal angiogenesis in vitro. Ophthalmic Res. 2015, 53, 109–116. [CrossRef] [PubMed]

25. Guo, L.; Jiang, F.; Tang, Y.T.; Si, M.Y.; Jiao, X.Y. The association of serum vascular endothelial growth factor
and ferritin in diabetic microvascular disease. Diabetes Technol. Ther. 2014, 16, 224–234. [CrossRef]

26. Tilton, R.G.; Kawamura, T.; Chang, K.C.; Ido, Y.; Bjercke, R.J.; Stephan, C.C.; Brock, T.A.; Williamson, J.R.
Vascular dysfunction induced by elevated glucose levels in rats is mediated by vascular endothelial growth
factor. J. Clin. Investig. 1997, 99, 2192–2202. [CrossRef]

27. Lin, C.M.; Shyu, K.G.; Wang, B.W.; Chang, H.; Chen, Y.H.; Chiu, J.H. Chrysin suppresses IL-6-induced angiogenesis
via down-regulation of JAK1/STAT3 and VEGF: An in vitro and in ovo approach. J. Agric. Food Chem. 2010, 58,
7082–7087. [CrossRef]

28. Rauf, A.; Khan, R.; Raza, M.; Khan, H.; Pervez, S.; De Feo, V.; Maione, F.; Mascolo, N. Suppression of
inflammatory response by chrysin, a flavone isolated from Potentilla evestita Th. Wolf. In silico predictive
study on its mechanistic effect. Fitoterapia 2015, 103, 129–135. [CrossRef]

29. Ha, S.K.; Moon, E.; Kim, S.Y. Chrysin suppresses LPS-stimulated proinflammatory responses by blocking
NF-kappaB and JNK activations in microglia cells. Neurosci. Lett. 2010, 485, 143–147. [CrossRef]

30. Yao, J.; Jiang, M.; Zhang, Y.; Liu, X.; Du, Q.; Feng, G. Chrysin alleviates allergic inflammation and airway
remodeling in a murine model of chronic asthma. Int. Immunopharmacol. 2016, 32, 24–31. [CrossRef]

http://dx.doi.org/10.1002/jcp.25861
http://dx.doi.org/10.1080/07357907.2016.1276187
http://www.ncbi.nlm.nih.gov/pubmed/28301251
http://dx.doi.org/10.1021/jf200931t
http://www.ncbi.nlm.nih.gov/pubmed/21699266
http://dx.doi.org/10.1038/s41598-020-60050-1
http://www.ncbi.nlm.nih.gov/pubmed/32076123
http://dx.doi.org/10.1055/s-2006-931602
http://dx.doi.org/10.4103/2230-8210.117219
http://dx.doi.org/10.1016/j.phrs.2015.05.013
http://dx.doi.org/10.1155/2019/4940825
http://dx.doi.org/10.3390/nu11040771
http://dx.doi.org/10.1167/iovs.18-25215
http://dx.doi.org/10.1124/jpet.118.248088
http://dx.doi.org/10.1016/j.vph.2017.11.002
http://www.ncbi.nlm.nih.gov/pubmed/29146180
http://dx.doi.org/10.1016/j.vph.2018.04.005
http://www.ncbi.nlm.nih.gov/pubmed/29678603
http://dx.doi.org/10.1002/jcp.28659
http://www.ncbi.nlm.nih.gov/pubmed/30982980
http://dx.doi.org/10.1159/000369824
http://www.ncbi.nlm.nih.gov/pubmed/25676100
http://dx.doi.org/10.1089/dia.2013.0181
http://dx.doi.org/10.1172/JCI119392
http://dx.doi.org/10.1021/jf100421w
http://dx.doi.org/10.1016/j.fitote.2015.03.019
http://dx.doi.org/10.1016/j.neulet.2010.08.064
http://dx.doi.org/10.1016/j.intimp.2016.01.005


Int. J. Mol. Sci. 2020, 21, 5541 15 of 15

31. Rashid, S.; Ali, N.; Nafees, S.; Hasan, S.K.; Sultana, S. Mitigation of 5-Fluorouracil induced renal toxicity by
chrysin via targeting oxidative stress and apoptosis in wistar rats. Food Chem. Toxicol. 2014, 66, 185–193.
[CrossRef] [PubMed]

32. Anandhi, R.; Annadurai, T.; Anitha, T.S.; Muralidharan, A.R.; Najmunnisha, K.; Nachiappan, V.; Thomas, P.A.;
Geraldine, P. Antihypercholesterolemic and antioxidative effects of an extract of the oyster mushroom,
Pleurotus ostreatus, and its major constituent, chrysin, in Triton WR-1339-induced hypercholesterolemic rats.
J. Physiol. Biochem. 2013, 69, 313–323. [CrossRef] [PubMed]

33. Yang, F.; Gong, L.; Jin, H.; Pi, J.; Bai, H.; Wang, H.; Cai, H.; Yang, P.; Cai, J. Chrysin-organogermanium (IV)
complex induced Colo205 cell apoptosis-associated mitochondrial function and anti-angiogenesis. Scanning
2015, 37, 246–257. [CrossRef] [PubMed]

34. Song, J.H.; Moon, K.Y.; Lee, S.C.; Kim, S.S. Inhibition of Hypoxia-Inducible Factor-1 alpha and Vascular
Endothelial Growth Factor by Chrysin in a Rat Model of Choroidal Neovascularization. Int. J. Mol. Sci. 2020,
21, 2842. [CrossRef] [PubMed]

35. Goetze, S.; Bungenstock, A.; Czupalla, C.; Eilers, F.; Stawowy, P.; Kintscher, U.; Spencer-Hansch, C.; Graf, K.;
Nurnberg, B.; Law, R.E.; et al. Leptin induces endothelial cell migration through Akt, which is inhibited by
PPARgamma-ligands. Hypertension 2002, 40, 748–754. [CrossRef]

36. Wang, B. Nutrient distributions and their limitation on phytoplankton in the Yellow Sea and the East China
Sea. Ying Yong Sheng Tai Xue Bao = J. Appl. Ecol. 2003, 14, 1122–1126.

37. Crean, J.K.; Finlay, D.; Murphy, M.; Moss, C.; Godson, C.; Martin, F.; Brady, H.R. The role of p42/44 MAPK
and protein kinase B in connective tissue growth factor induced extracellular matrix protein production,
cell migration, and actin cytoskeletal rearrangement in human mesangial cells. J. Biol. Chem. 2002, 277,
44187–44194. [CrossRef]

38. Goetze, S.; Eilers, F.; Bungenstock, A.; Kintscher, U.; Stawowy, P.; Blaschke, F.; Graf, K.; Law, R.E.; Fleck, E.;
Grafe, M. PPAR activators inhibit endothelial cell migration by targeting Akt. Biochem. Biophys. Res. Commun.
2002, 293, 1431–1437. [CrossRef]

39. Cobb, M.H. MAP kinase pathways. Prog. Biophys. Mol. Biol. 1999, 71, 479–500. [CrossRef]
40. Shi, Y.H.; Wang, Y.X.; Bingle, L.; Gong, L.H.; Heng, W.J.; Li, Y.; Fang, W.G. In vitro study of HIF-1 activation

and VEGF release by bFGF in the T47D breast cancer cell line under normoxic conditions: Involvement of
PI-3K/Akt and MEK1/ERK pathways. J. Pathol. 2005, 205, 530–536. [CrossRef]

41. Du, J.; Xu, R.; Hu, Z.; Tian, Y.; Zhu, Y.; Gu, L.; Zhou, L. PI3K and ERK-induced Rac1 activation mediates
hypoxia-induced HIF-1alpha expression in MCF-7 breast cancer cells. PLoS ONE 2011, 6, e25213. [CrossRef]
[PubMed]

42. Takahashi, K.; Itagaki, T.; Yamagishi, K.; Ohkuma, H.; Uyama, M. A role of the retinal pigment epithelium in
the involution of subretinal neovascularization. Nippon Ganka Gakkai Zasshi 1990, 94, 340–351. [PubMed]

43. Huber, R.J.; O’Day, D.H. Extracellular matrix dynamics and functions in the social amoeba Dictyostelium:
A critical review. Biochim. Biophys. Acta-Gen. Subj. 2017, 1861, 2971–2980. [CrossRef] [PubMed]

44. Jacob, A.; Prekeris, R. The regulation of MMP targeting to invadopodia during cancer metastasis. Front. Cell
Dev. Biol. 2015, 3, 4. [CrossRef] [PubMed]

45. Baharivand, N.; Zarghami, N.; Panahi, F.; Dokht Ghafari, M.Y.; Mahdavi Fard, A.; Mohajeri, A. Relationship
between vitreous and serum vascular endothelial growth factor levels, control of diabetes and microalbuminuria
in proliferative diabetic retinopathy. Clin. Ophthalmol. 2012, 6, 185–191. [PubMed]

46. Amin, R.H.; Frank, R.N.; Kennedy, A.; Eliott, D.; Puklin, J.E.; Abrams, G.W. Vascular endothelial growth
factor is present in glial cells of the retina and optic nerve of human subjects with nonproliferative diabetic
retinopathy. Investig. Ophthalmol. Vis. Sci. 1997, 38, 36–47.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.fct.2014.01.026
http://www.ncbi.nlm.nih.gov/pubmed/24486618
http://dx.doi.org/10.1007/s13105-012-0215-6
http://www.ncbi.nlm.nih.gov/pubmed/23104078
http://dx.doi.org/10.1002/sca.21205
http://www.ncbi.nlm.nih.gov/pubmed/25914235
http://dx.doi.org/10.3390/ijms21082842
http://www.ncbi.nlm.nih.gov/pubmed/32325771
http://dx.doi.org/10.1161/01.HYP.0000035522.63647.D3
http://dx.doi.org/10.1074/jbc.M203715200
http://dx.doi.org/10.1016/S0006-291X(02)00385-6
http://dx.doi.org/10.1016/S0079-6107(98)00056-X
http://dx.doi.org/10.1002/path.1734
http://dx.doi.org/10.1371/journal.pone.0025213
http://www.ncbi.nlm.nih.gov/pubmed/21980400
http://www.ncbi.nlm.nih.gov/pubmed/1697726
http://dx.doi.org/10.1016/j.bbagen.2016.09.026
http://www.ncbi.nlm.nih.gov/pubmed/27693486
http://dx.doi.org/10.3389/fcell.2015.00004
http://www.ncbi.nlm.nih.gov/pubmed/25699257
http://www.ncbi.nlm.nih.gov/pubmed/22331976
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Chrysin Showed No Cytotoxicity to RF/6A Cells 
	Chrysin Inhibited High-Glucose Induced RF/6A Migration via Inhibiting AKT and ERK Phosphorylation and Decreasing MMP-2 Expression 
	Chrysin Inhibits the HIF-1 and VEGF Expression 
	Chrysin Down-Regulates VEGF Receptor Proteins and mRNA Expression 

	Discussion 
	Materials and Methods 
	Cell Culture 
	Chrysin Treatment and High-Glucose Induction 
	MTT Viability Assay 
	Transwell Assays 
	Scratch Wound Assay 
	Western Blotting Analysis 
	Real-Time Quantitative RT-PCR 
	Statistical Analysis 

	Conclusions 
	References

