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ABSTRACT
Eriodictyol is a natural flavonoid with many pharmacological effects, such as anti-oxidation, anti- 
inflammation, anti-tumor, and neuroprotection. Besides, it has been reported that flavonoids play 
an important role in protein glycosylation. The fucosylation structure is closely associated with 
processes of various tumor metastases. TSTA3 is involved in the de novo synthesis and can 
convert cellular GDP-D-mannose into GDP-L-fucose. It was predicted on the STITCH database 
that eriodictyol interacted with TSTA3. In addition, literature has confirmed that TSTA3 is upre-
gulated in CRC and can regulate the proliferation and migration of breast cancer cells. Herein, the 
precise effects of eriodictyol on the clone-forming, proliferative, migratory and invasive abilities of 
CRC cells as well as EMT process were assessed. Moreover, the correlation among eriodictyol, 
TSTA3, and fucosylation in these malignant behaviors of CRC cells was evaluated, in order to 
elucidate the underlying mechanism. The current work discovered that eriodictyol inhibited the 
viability, clone-formation, proliferation, migration, invasion, and EMT of CRC cells, and that these 
inhibitory effects of eriodictyol on the malignant behavior of CRC cells were reversed by TSTA3 
overexpression. Additionally, eriodictyol suppresses fucosylation by downregulating the TSTA3 
expression. Results confirmed that fucosylation inhibitor (2-F-Fuc) inhibited clone formation, 
proliferation, migration, invasion, as well as EMT of CRC cells and eriodictyol treatment further 
reinforced the suppressing effects of 2-F-Fuc on the malignant behavior of CRC cells. We conclude 
that eriodictyol suppresses the clone-forming, proliferative, migrative and invasive abilities of CRC 
cells as well as represses the EMT process by downregulating TSTA3 expression to restrain 
fucosylation.
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Introduction

Colorectal cancer (CRC) has a high prevalence 
worldwide. The morbidity and mortality of CRC 
are increasing rapidly and maintain an upward 
trend in the past 5–10 years, largely attributed to 
dietary changes, aging population, as well as envir-
onment pollution [1,2]. According to the global 
cancer statistics, CRC is the third most commonly 
diagnosed cancer (10.0% of the total cases) and 
the second leading cause of cancer-related deaths 
(9.4% of the total cancer deaths) in 2020 [3]. 
Tumor metastasis mainly results in treatment fail-
ure and cancer-related deaths [4]. Despite the fact 
that systemic therapies for metastatic CRC have 
made progress, the prognosis of patients suffering 
from metastatic CRC still remains poor, and the 
5-year survival rate is extremely low [5]. Therefore, 
in-depth study of the molecular mechanisms 
underlying CRC occurrence and development 
will contribute to the exploration of potential ther-
apeutic targets for CRC and improvement of 
patient prognosis.

Recently, some natural products have been 
reported to overcome tumor growth and metastasis, 
including flavonoids that are abundant in plants and 
foods. Besides, flavonoids are also one of the active 
ingredients in numerous traditional Chinese herbal 
medicines [6,7]. Flavonoids have attracted wide 
attention due to their extensive biological activity, 
high efficiency, low toxicity, as well as good preven-
tion and cure effects on various types of tumors [8,9]. 
Eriodictyol is a natural flavonoid with many phar-
macological effects, such as anti-oxidation, anti- 
inflammation, anti-tumor, and neuroprotection 
[10,11]. Studies have proven that eriodictyol can 
inhibit proliferation and metastasis of glioma cells 
[12] and nasopharyngeal cancer cells [13]. 
Nevertheless, the biological effects of eriodictyol on 
the malignant development of CRC have not been 
fully understood until now.

As a vital protein functional modification, pro-
tein glycosylation plays an indispensable role in 
cell adhesion, receptor activation, tumor invasive-
ness, and metastasis, inflammatory response, as 
well as other cellular processes [14,15]. 
Additionally, it has been reported that flavonoids 
play important roles in protein glycosylation. For 
instance, Du et al. [16] indicated that genistein 

could increase IgG glycosylation to decrease the 
activity of osteoclasts. Core fucosylation catalyzed 
by fucosyltransferase is one of the most common 
protein N-glycosylation modifications [17]. The 
fucosylation structure is associated with the pro-
cesses of various tumor metastases [18]. A study 
proves that rosmarinic acid, a natural flavonoid, 
can suppress the expression of fucosylated anti-
gens in human skin fibroblasts [19]. However, 
the functional role of eriodictyol in fucosylation 
structure needs to be deeply elaborated.

GDP-L-fucose synthase (also known as tissue- 
specific transplantation antigen P35B, TSTA3) is 
a key gene for the de novo synthesis of GDP- 
fucose and is essential for the formation of GDP- 
fucose [20]. It is predicted in the STITCH database 
that eriodictyol may interact with TSTA3. 
Importantly, it has been reported that TSTA3 is 
up-regulated in CRC [21]. Besides, TSTA3 can 
regulate the proliferation and migration of breast 
cancer cells [22].

Herein, this work is formulated to explore the 
anti-cancer potential of eriodictyol against CRC. 
More importantly, the correlation among eriodic-
tyol, TSTA3, and fucosylation in the development 
of CRC was investigated to probe into the under-
lying mechanism.

Materials and Methods

Cell culture

Human colon epithelial cell line (FHC) and 
human CRC cell line (HCT116) were purchased 
from American Type Culture Collection (ATCC, 
VA, USA). Cells were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM; HyClone, UT, 
USA) supplemented with 10% fetal bovine serum 
(Gibco, NY, USA) in a humidified atmosphere of 
5% CO2 at 37°C.

Cell treatment

To investigate the specific effects of eriodictyol on 
the malignant behaviors of CRC cells, HCT116 
cells were treated with 0, 50, 100, 200, 400, or 
600 μM eriodictyol for 24, 48, 72 h.

To investigate the underlying mechanism, 
HCT116 cells were treated with 15 μM 2-fluoro- 
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L-fucose (2 F-Fuc; Sigma, MO, USA) and/or 
400 μM eriodictyol.

Cell transfection

TSTA3 overexpression lentivirus (Ov-TSTA3) and 
corresponding negative control (Ov-NC) were 
obtained from Genechem (Shanghai, China). 
HCT116 cells were transfected with Ov-TSTA3 
or Ov-NC using LipofectamineTM 2000 
(Invitrogen, CA, USA) according to the manufac-
turer’s protocol.

Cell counting kit-8 (CCK-8) assay

Cell viability was evaluated using CCK-8 assay. 
Briefly, the cells were seeded into a 96-well plate 
(5 × 103 cells/well) for 24, 48, 72 h incubation. 
CCK-8 solution (Beyotime, Shanghai, China) was 
added into each well (10 μl) and then incubated 
for another 4 h. The absorbance was measured at 
450 nm with a microplate reader (Bio-Rad, 
CA, USA).

Colony formation assay

After resuspension, HCT116 cells were inoculated 
in 6-well plates (300 cells per well) and incubated 
in a complete DMEM medium at 37°C for 10 days. 
Then, cells were fixed with 4% paraformaldehyde 
for 30 min and stained with 0.1% crystal violet 
solution for 20 min at room temperature. Visible 
colonies (>50 cells) were observed and counted 
under a microscope (Olympus, Tokyo, Japan).

5-Ethynyl-2�-deoxyuridine (EdU) staining

The EdU staining kit (Beyotime, Shanghai, China) 
was employed to determine the proliferative ability 
of HCT116 cells. HCT116 cells were fixed with 4% 
formaldehyde and permeabilized in 0.05% Triton 
X-100 for 10 min. After washing thrice with PBS, 
HCT116 cells were incubated with EdU working 
solution in the dark for 30 min and stained with 
DAPI in the dark for 15 min. Stained cells were 
observed and photographed under a fluorescent 
microscope (magnification, x100; Olympus, 
Tokyo, Japan).

Wound healing assay

HCT116 cells were cultured in 6-well plates until 
they reached 85% confluence. Cells were wounded 
with a 200 μl pipette tip, and the detached cells 
were washed twice with PBS. Subsequently, the 
cells were incubated in serum-free DMEM for 24  
h, and the images of the wounds were captured at 
0 and 24 h under a microscope (magnification, 
×100; Olympus, Tokyo, Japan). Cell migration 
was quantified by determining the extent (%) of 
wound healing as follows (0 h scratch area – 24 h 
scratch area)/0 h scratch area × 100%.

Transwell invasion assay

Transwell chambers (Corning, NY, USA) pre-
coated with Matrigel (BD Biosciences, CA, USA) 
were employed to detect cell invasion. Briefly, 
1 × 105 cells suspended in a serum-free medium 
were seeded into the upper chamber, and 600 µl 
FBS-DMEM was added into the lower chamber. 
After 48 h incubation, the noninvasive cells were 
gently removed, and the invaded cells in the lower 
chamber were fixed with 4% paraformaldehyde 
and stained with 0.1% crystal violet solution for 
20 min at room temperature. Stained cells were 
photographed and counted under a microscope 
(magnification, x100; Olympus, Tokyo, Japan).

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

The extraction of total RNA was operated using 
TRIzol reagent (Invitrogen, CA, USA). The RNA 
samples (1 µg) were reversely transcribed into 
cDNA using a reverse transcription kit (Takara, 
Tokyo, Japan). Subsequently, PCR reactions were 
carried out with the One-Step SYBR Prime-Script 
RT-PCR Kit (Takara, Tokyo, Japan) on the ABI 
7500 Sequence Detector System (ABI/Perkin Elmer, 
CA, USA). The PCR thermocycling conditions were 
as follows: denaturation at 94°C for 5 min, 40 cycles 
of denaturation at 94°C for 30 s, annealing at 53°C for 
30 s and extension at 72°C for 35 s. The relative gene 
expressions were calculated with the 2−∆∆Ct method 
[23]. GAPDH served as the internal control. The 
primer sequences were listed as follows: TSTA3: for-
ward 5′- GGATGCTCCGTGCAACTG −3�; reverse 
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5ʹ- CGGGTAGGTCGTCTTGTCAG −3ʹ; GAPDH: 
forward 5ʹ- CCAGGTGGTCTCCTCTGA −3ʹ; 
reverse 5ʹ- CCGTGTTCCTACCCCCAATG −3ʹ.

Western blotting analysis

The extraction of total proteins was conducted using 
a RIPA lysis buffer (Beyotime, Shanghai, China), 
and a BCA kit (Beyotime, Shanghai, China) was 
employed to examine protein concentrations. 
Equal amounts of protein samples were separated 
by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and then transferred onto 
polyvinylidene difluoride (PVDF) membranes 
(Millipore, MA, USA). After blocking in 5% nonfat 
milk for 1 h at 37°C, primary antibodies against 
MMP2 (Abcam, ab181286, 1:1000), MMP9 
(Abcam, ab76003, 1:5000), N-cadherin (Abcam, 
ab76011, 1:5000), β-cadherin (Abcam, ab32572, 
1:5000), Vimentin (Abcam, ab92547, 1:5000), 
E-cadherin (Abcam, ab40772, 1:5000), TSTA3 
(Abcam, ab155306, 1:3000) and GAPDH (Abcam, 
ab181602, 1:10,000) were applied to incubate the 
membranes at 4 °C overnight. The next day, the 
incubation of membranes with horseradish perox-
idase (HRP)-conjugated secondary antibody 
(Abcam, ab205718, 1:50,000) lasted 1.5 h. Protein 
bands were visualized using enhanced chemilumi-
nescence reagents, and protein signals were analyzed 
with the application of Image J software.

Enzyme activity assay

The FUT2 and FUT8 enzyme activities were mea-
sured using the Glycosyltransferase activity kit 
(R&D system, MN, USA) according to the manu-
facturer’s instructions. The kit utilizes a colorimetric 
assay specific for phosphate-coupled glycosyltrans-
ferase reactions to assay the enzyme activities. The 
activity of FUT2 in the cell lysate was measured by 
its ability to transfer fucose from GDP-L-Fucose to 
alpha-lactose (Sigma-Aldrich, MO, USA). The activ-
ity of FUT8 in the cell lysate was measured by its 
ability to hydrolyze the donor substrate GDP- 
L-Fucose (Santa Cruz, CA, USA). The glycosyltrans-
ferase activity was expressed as phosphate concen-
tration equivalents produced per minute (M P/min).

Statistical analysis

Data from three independent experiments are pre-
sented as means ± standard deviation (SD). A one- 
way analysis of variance (ANOVA) followed by 
Tukey’s post hoc test was employed for comparisons 
among multiple groups, and Student’s t-test was uti-
lized for comparisons between the two groups. 
P < 0.05 represented a statistically significant 
difference.

Results

Eriodictyol treatment inhibits the viability, 
clone-forming ability, and proliferation of CRC 
cells

Firstly, human colon epithelial cell line (FHC) and 
human CRC cell line (HCT116) were treated with 0, 
50, 100, 200, 400, or 600 μM eriodictyol for 24, 48, 
72 h to assess the influence of eriodictyol on CRC 
cell viability. Eriodictyol treatment had no obvious 
effect on the viability of FHC cells, while eriodictyol 
significantly inhibited the viability of HCT116 cells 
in a dose-dependent manner (Figure 1(a)). Then, 
treatment with 0, 100, 200, 400 μM eriodictyol for 
48 h was selected for subsequent experiments 
according to the results above. Colony-formation 
and EdU assays indicated that eriodictyol treatment 
suppressed the clone-forming and proliferative abil-
ities of HCT116 cells (Figure 1(b, c)).

Eriodictyol treatment suppresses migration, 
invasion, and EMT of CRC cells

Results from wound healing assay and transwell 
assay demonstrated that eriodictyol dose- 
dependently diminished the migrative and invasive 
properties of HCT116 cells (Figure 2(a, b)). Besides, 
decreased expressions of MMP2 and MMP9 in 
HCT116 cells receiving eriodictyol treatment also 
suggested that eriodictyol could suppress CRC cell 
migration and invasion (Figure 2(c)). Moreover, 
elevated E-cadherin expression and reduced expres-
sions of N-cadherin, Vimentin, and β-cadherin in 
HCT116 cells after eriodictyol treatment indicated 
that eriodictyol inactivated EMT process of CRC 
cells (Figure 2(d)).
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Eriodictyol treatment reduces TSTA3 expression 
in CRC cells

Furthermore, eriodictyol associated genes were 
analyzed on STITCH database, and it was pre-
dicted that eriodictyol may interact with TSTA3. 
Importantly, eriodictyol treatment dose- 
dependently diminished the mRNA and protein 
levels of TSTA3 in HCT116 cells (Figure 3 
(a, b)).

Overexpression of TSTA3 reverses the inhibitory 
effects of eriodictyol on the clone-forming and 
proliferative abilities of CRC cells

In order to expound the biological role of TSTA3 
in CRC, HCT116 cells were transfected with Ov- 
TSTA3, and the overexpression efficiency was 

validated by performing RT-qPCR and Western 
blot analysis. Ov-TSTA3 significantly upregulated 
the mRNA and protein levels of TSTA3 in 
HCT116 cells (Figure 4(a, b)). Eriodictyol treat-
ment inhibited clone formation and proliferation 
of HCT116 cells, which were abolished by TSTA3 
overexpression (Figure 4(c, d)). We conclude that 
eriodictyol may diminish the clone-forming and 
proliferative abilities of CRC cells by downregulat-
ing TSTA3 expression.

Overexpression of TSTA3 reverses the inhibitory 
effects of eriodictyol on migration, invasion, and 
EMT of CRC cells

Eriodictyol treatment suppressed migration and 
invasion of HCT116 cells, which were abrogated 

Figure 1. Eriodictyol treatment inhibits the viability, clone-forming ability and proliferation of CRC cells. (a) FHC and HCT116 cells 
were treated with 0, 50, 100, 200, 400, or 600 μM eriodictyol for 24, 48, 72 h. CCK-8 assay was employed to detect cell viability. (b) 
HCT116 cells were treated with 0, 100, 200, 400 μM eriodictyol for 48 h. Colony-formation assay was employed to detect the clone- 
forming ability of CRC cells. (c) HCT116 cells were treated with 0, 100, 200, 400 μM eriodictyol for 48 h. EdU assay was employed to 
detect CRC cell proliferation. ** p < 0.01, *** p < 0.001 versus 0 μM Eriodictyol.
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by TSTA3 overexpression (Figure 5(a, b)). Besides, 
elevated expressions of MMP2 and MMP9 following 
transfection of Ov-TSTA3 consistently proved the 
findings above (Figure 5(c)). Moreover, decreased 
E-cadherin expression and increased expressions of 
N-cadherin, Vimentin, and β-cadherin upon trans-
fection of Ov-TSTA3 indicated that upregulation of 
TSTA3 reversed the suppressing effects of eriodic-
tyol on EMT process in HCT116 cells (Figure 5(d)). 
To sum up, eriodictyol may repress migration, 
migration, and EMT of CRC cells by downregulat-
ing TSTA3 expression.

Eriodictyol treatment inhibits the clone-forming 
and proliferative abilities of CRC cells by 
downregulating TSTA3 expression to restrain 
fucosylation

In order to probe into the underlying mechanism, we 
focused on the correlation among eriodictyol, 
TSTA3, and fucosylation in the development of 
CRC. It was discovered that eriodictyol treatment 
decreased the activities of FUT8 and FUT2, which 
were reversed by the TSTA3 overexpression 
(Figure 6(a)). Results above suggest that eriodictyol 

Figure 2. Eriodictyol treatment suppresses migration, invasion, and EMT of CRC cells. HCT116 cells were treated with 0, 100, 200, 
400 μM eriodictyol for 48 h. (a) Wound healing assay was employed to detect CRC cell migration. (b) Transwell invasion assay was 
employed to detect CRC cell invasion. (c) Western blot analysis was employed to detect the levels of MMP2 and MMP9 in CRC cells. 
(d) Western blot analysis was employed to detect the levels of E-cadherin, N-cadherin, Vimentin, and β-cadherin in CRC cells. ** 
p < 0.01, *** p < 0.001 versus 0 μM Eriodictyol.
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may suppress fucosylation by downregulating the 
TSTA3 expression. Furthermore, it was demon-
strated that fucosylation inhibitor (2-F-Fuc) dis-
tinctly inhibited clone formation and proliferation 
of HCT116 cells, which were reinforced by eriodic-
tyol (Figure 6(b, c)). Overall, eriodictyol may dimin-
ish the clone-forming and proliferative abilities of 
CRC cells by downregulating TSTA3 expression to 
restrain fucosylation.

Eriodictyol treatment suppresses migration, 
invasion, and EMT of CRC cells by 
downregulating TSTA3 expression to restrain 
fucosylation

Moreover, the 2-F-Fuc diminished the migra-
tive and invasive properties of HCT116 cells, 
which were strengthened by eriodictyol 
(Figure 7(a-c)). Besides, eriodictyol treatment 
further reinforced the inhibitory effects of 
2-F-Fuc on EMT in CRC cells (Figure 7(d)). 
In general, eriodictyol may diminish the migra-
tive and invasive abilities of CRC cells as well 
as repress the EMT process by downregulating 
TSTA3 expression to restrain fucosylation.

Discussion

CRC generally does not show obvious symptoms 
until the mid-to-late stage or distant metastasis of 
the disease, so it is easy to be ignored [24]. Hence, 
exploring related genes in the development of 
CRC and developing effective therapeutic drugs 
and important links that affect the biological char-
acteristics of CRC are critical ways to understand 
the malignancy of tumors and to improve the 
survival and prognosis of CRC patients.

As a natural flavonoid compound, eriodictyol 
has been proven to possess anti-tumor effects. It 
has been reported that eriodictyol exerts inhibitory 
effects on cell proliferation, migration, as well as 
invasion of glioma cells via regulating PI3K/Akt/ 
NF-κB signaling pathway [12]. Eriodictyol could 
inhibit the growth of lung cancer cell lines through 
induction of mitochondrial-mediated apoptosis, 
G2/M cell cycle arrest, and inhibition of mTOR/ 
PI3K/Akt cascade signaling pathway [25]. Besides, 
eriodictyol can exert anti-cancer activity against 
nasopharyngeal cancer cells by blocking MEK/ 
ERK signaling pathway, inducing cellular autop-
hagy and suppressing cell migration and invasive-
ness. In the current work, it was confirmed that 

Figure 3. Eriodictyol treatment reduces TSTA3 expression in CRC cells. HCT116 cells were treated with 0, 100, 200, 400 μM eriodictyol 
for 48 h. (a) RT-qPCR was employed to detect TSTA3 mRNA level in CRC cells. (b) Western blot analysis was employed to detect 
TSTA3 protein level in CRC cells. * p < 0.05, *** p < 0.001 versus 0 μM Eriodictyol.
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eriodictyol treatment inhibited the viability, clone- 
formation, proliferation, migration, invasion, and 
EMT of CRC cells.

Glycosylation, one of the most common types of 
protein post-translational modifications [14], is 
indispensable for more than half of the proteins in 
the organism to perform their respective functions 
[26]. Recently, numerous research studies have con-
firmed that flavonoids can function by regulating 
protein glycosylation. Ma et al. [27] proved that 
isoquercitrin could inhibit β-lactoglobulin glycation. 
Liu et al. [28] indicated that the plant flavonoid 

luteolin could reduce mucin-type O-glycosylation 
of the amyloid precursor protein. Abnormal glyco-
sylation is a key factor of tumor malignant transfor-
mation and is closely related to the biological 
behaviors of tumor cells, such as growth, prolif-
eration, migration, and invasion [29,30]. As 
a common glycosylation modification, fucosyla-
tion is involved in lots of malignant transforma-
tion events of cancers [31,32]. TSTA3 is one of 
the key enzymes that is involved in the de novo 
synthesis and can convert cellular GDP- 
D-mannose into GDP-L-fucose [28]. It was 

Figure 4. Overexpression of TSTA3 reverses the inhibitory effects of eriodictyol on the clone-forming and proliferative abilities of CRC 
cells. (a, b) HCT116 cells were transfected with Ov-TSTA3 or Ov-NC and the overexpression efficiency was validated by performing 
RT-qPCR and Western blot analysis. *** p < 0.001 versus Ov-NC. (c) HCT116 cells receiving eriodictyol treatment were transfected 
with Ov-TSTA3 or Ov-NC. Colony-formation assay was employed to detect the clone-forming ability of CRC cells. (d) HCT116 cells 
receiving eriodictyol treatment were transfected with Ov-TSTA3 or Ov-NC. EdU assay was employed to detect CRC cell proliferation. 
*** p < 0.001 versus Control; # P < 0.05, ## P < 0.01 versus Eriodictyol + Ov-NC.
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predicted on the STITCH database that eriodic-
tyol interacted with TSTA3. Importantly, it has 
been demonstrated that TSTA3 possesses 
a potent tumor-promoting activity in the regula-
tion of a variety of tumors [33,34]. In the pre-
sent research, it was discovered that eriodictyol 
treatment reduced TSTA3 expression in CRC 
cells. The overexpression of TSTA3 reversed 

the inhibitory effects of eriodictyol on clone 
formation, proliferation, migration, invasion, 
and EMT process of CRC cells. Moreover, erio-
dictyol suppresses fucosylation by downregulat-
ing the TSTA3 expression. Results confirmed 
that fucosylation inhibitor (2-F-Fuc) inhibited 
clone formation, proliferation, migration, inva-
sion, as well as EMT of CRC cells, and 

Figure 5. Overexpression of TSTA3 reverses the inhibitory effects of eriodictyol on migration, invasion, and EMT of CRC cells. HCT116 
cells receiving eriodictyol treatment were transfected with Ov-TSTA3 or Ov-NC. (a) Wound healing assay was employed to detect CRC 
cell migration. (b) Transwell invasion assay was employed to detect CRC cell invasion. (c) Western blot analysis was employed to 
detect the levels of MMP2 and MMP9 in CRC cells. (d) Western blot analysis was employed to detect the levels of E-cadherin, 
N-cadherin, Vimentin, and β-cadherin in CRC cells. *** p < 0.001 versus Control; # P < 0.05, ## P < 0.01, ### P < 0.001 versus 
Eriodictyol + Ov-NC.
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eriodictyol treatment further reinforced the inhi-
bitory effects of 2-F-Fuc on the malignant beha-
vior of CRC cells.

Conclusion

In summary, it was revealed that eriodictyol treat-
ment suppressed the clone-forming, proliferative, 
migratory and invasive abilities of CRC cells as well 
as repressed EMT process by downregulating TSTA3 
expression to restrain fucosylation. The findings 
above might help to develop promising agents and 
effective therapeutic targets for CRC therapy in 

clinic. More importantly, the in-depth mechanism 
should be further investigated. Still, clinical analysis 
should be studied in the future to support the find-
ings of this work and to excavate the predictive 
values of eriodictyol.
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