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ABSTRACT 
 

 

Despite many studies over the past several decades, pancreatic cancer has 

known as one of the most vulnerable cancers. Apoptosis is considered one of 

the well-known treatment options for various cancer treatment research 

methods. Eriodictyol, a plant-derived flavonoid found in citrus fruits has been 

known to have diverse biological activities such as anti-oxidant, anti-cancer, 

and anti-inflammatory properties. In this study, we have investigated the 

anticancer property of eriodictyol and its mechanisms of action in pancreatic 

cancer cells. Eriodictyol induced apoptosis in both SNU213 and Panc-1 cells. 

Also, we found that eriodictyol has reduced the level of phosphorylation in 

AKT, and ERK. Furthermore, eriodictyol has increased the phosphorylation 

level of JNK. These results can help to discover the molecular mechanisms of 

eriodictyol-induced cell death in pancreatic cancer cell lines and potentially 

contribute to the development of candidate reagents for pancreatic cancer. 
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1. INTRODUCTION 

Cancer is the second leading cause of death in the United States, and 

pancreatic cancer is a deadly disease with a five-year survival rate of less 

than eight percent [1]. It is expected to be the second major cause of cancer 

deaths by 2030 [2].Despite efforts improve the treatment of this disease, 

surgery followed adjuvant chemotherapy is still an effective treatment for 

Pancreatic cancer. However, only 20 percent of pancreatic cancer patients 

are eligible for surgery/chemotherapy [3]. Gemcitabine and Fluorouracil (5FU) 

are primary chemotherapy drugs for pancreatic cancer patients. But the 

pancreatic cancer prognosis is still not good because of drug resistance [4,5]. 

Therefore, it is urgently needed to find new target that are more sensitive than 

current chemotherapy drugs.  

Flavonoid is a major class of plant secondary metabolism that are found in 

vegetable foods and beverages such as fruits, vegetables, tea, and coffee 

[6,7]. Flavonoids, such as kaempferol, quercetin, naringenin, hesperetin, 

catechin, curcumin, and eriodictyol, etc. have physiological functions in 

various cancers as well as antioxidants [8], anti-inflammation [9], antidiabetic 

[10], and antibacterial agents [11]. Flavonoids have been reported to enhance 

the drug bioavailability and reduce chemo-resistance of cancer and interfere 

with the cell cycle, induce apoptosis, inhibit angiogenesis [12–15].  

Eriodictyol, 5, 7, 3', 4-Tetrahydroxyflavanone, is a flavanone substance 

commonly found in fruits such as Lemon (Citrus limon BURM. f.) [16], Sutil 

Lemon (Citrus aurantiifolia) [17], and Bergamot orange (Citrus bergamia 

Risso) [18]. Recent studies showed that eriodictyol possesses 
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anti-melanogenesis in murine melanoma cells [19]. It is reported that 

eriodictyol has a neuroprotective effect in lipopolysaccharide (LPS)-induced 

neuroinflammation diseases [20]. Eriodictiol also showed anticancer effects in 

cancer cells. A previous study has shown that eriodictyol reduced cell 

proliferation in dimethyl hydrazine-induced colorectal cancer cells [21]. 

Besides, it is reported mitochondrial apoptosis and G2/M cell cycle arrest 

induction in liver and lung cancer cells [22,23].  

But the mechanism of eriodictyol in pancreatic cancer cells has not been 

reported so far. Therefore, we identified the anti-cancer effects of eriodictyol 

and mechanism for human pancreatic cancer cell states. We first evaluated 

the effects of eriodictyol on the viability, colony formation, cell cycle, and cell 

apoptosis in pancreatic cancer cells. Next, the cell cycle and 

apoptosis-related proteins activation were examined by western blot. 
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Figure 1. Structure of eriodictyol, 5, 7, 3', 4-Tetrahydroxyflavanone. 
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2. MATERIALS AND METHODS 

 

2.1 Cell culture and reagents 

We obtained human embryonic kidney cells 293T, human pancreatic cancer 

cells Panc-1, and SNU-213 from Korean Cell Line Bank (KCLB, Seoul, Korea). 

The 293T and Panc-1 cells were cultured in DMEM supplemented with 10% fetal 

fetal bovine serum (Gibco-BRL, Gaithersburg, MD, USA), 100 U/mL penicillin, 

100 µg/ml streptomycin (Invitrogen, Carlsbad, CA, USA), and 5% CO2 at 37℃. 

SNU-213 cells were cultured in RPMI-1640 supplemented with 10% fetal 

bovine serum (Gibco-BRL, Gaithersburg, MD, USA), 100U/mL penicillin, 100 

µg/ml streptomycin (Invitrogen, Carlsbad, CA, USA), and 5% CO2 at 37℃. 

Eriodictyol (Cat. No. 020056) were purchased Indofine Chemical Company 

(Hillsborough, NJ, USA). 

 

2.2 Cell viability assay 

We assessed cell viability using the WST-1 (2- (4-iodophenyl) -3- 

(4-nitrophenyl) -5- (2,4-disulfophenyl) 2H-tetrazolium) solution (Boechringer 

Mannheim, Mannheim ,Germany). Cells were seeded 2.5×    cells/well in 24 

well plates. After cells were incubated for 24 h, they were treated Eriodictyol in 

DMEM with concentrations of 5, 10, 25, 50, and 100 µM for 72 h at 37℃. Each 

well was added to a final concentration of 10% WST-1 solution after 15 min 

incubation at room temperature. The absorbance was measured at 450 nm 

using Multiskan Spectrum microplate reader (Thermo Scientific, Finland).    

 

 



６ 

 

2.3 Colony formation assay 

The Panc-1 cells and SNU-213 cells were seeded in 60mm dishes in each 

200 cells/well.  After 24 h, different concentrations of eriodictyol (0, 25, 50 μM) 

were added and the cells continued to be maintained at 37°C with a 

humidified atmosphere of 5% CO2 for 10–14 days. The colonies fixed with 4% 

paraformaldehyde and then stained with 0.1% crystal violet solution for 15 min 

and washed with sterile deionized water. Visible colonies were then stained 

manually counted. 

 

2.4 Cell cycle  

Propidium iodide (PI) staining assay was used to analyze the cell cycle 

distribution. Panc-1 and SNU-213 cells were seeded at a density of 1.2×10  

in 60mm dish. After cells incubated overnight for attachment, Cells were 

treated with 0.5% DMSO or 25, 50 μM of eriodictyol for 48 h in media 

containing 5% FBS. At the end of incubation, cells were collected by 

trypsin-EDTA and centrifugation, washed twice with cold PBS and then fixed 

in cold 70% ethanol at -20℃ overnight. The fixed cells were centrifuged and 

stained for 15 min with propidium iodide (PI)/RNase Staining Buffer  (BD 

Pharmingen, USA) and subjected to analysis on a flow cytometer 

(LSRFortessa, BD). 

 

2.5 Detection of apoptosis 

For apoptosis analysis, 293T, Panc-1, and SNU-213 were seeded in 6-well 

plates. After 24 h, they were treated eriodictyol for 72 h. After collecting the 

cells, we incubated the cells with annexin V-FITC and propidium (PI) (FITC 
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Annexin V apoptosis detection kit, BD pharmingen, USA). The apoptotic cells 

were detected by flow cytometry (LSRFortessa, BD). 

 

2.6. Western blot assay 

Cells were lysed in M-PER lysis buffer (Thermo science, Bonn, Germany) 

containing protease inhibitor cocktail (Roche), 2 mM sodium vanadate, 30 mM 

sodium pyrophosphate, and 100 mM sodium fluoride. After total protein 

quantification, proteins were separated by 10% SDS-PAGE (sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis) and transferred to nitrocellulose 

membranes (Amersham Bioscience, Little Chalfont, Buckinghamshire, UK). 

Membranes were blocked with 5% skim milk in TBST. Primary antibodies, 

such as cleaved PARP, phosphorylation FAK (Tyr397), phosphorylation AKT 

(Ser473), phosphorylation JNK (Thr183/Tyr185), phosphorylation p38 

(Thr180/Tyr182), phosphorylationERK1/2 (Thr202/Try204), p21Waf1/Cip1, 

and GAPDH (Cell signaling technology, USA), were diluted 1:1000 in TBST 

and incubated overnight at 4°C. Secondary antibodies (Merck Millipore, 

Germany) were diluted in TBST 1:4000 and incubated for 1h. We detected the 

protein bands using the ECL kit (Biosesang). 

 

2.7. Statistical analysis 

Error bars represent ±SEM. We did statistical analysis by one-way ANOVA, 

and student’s t-test. P< 0.05 was considered to indicate significant 

differences.    
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3. RESULTS 
 

 

3.1 Eriodictyol reduce the cell viability of pancreatic cancer cells 

We examined cell proliferation of pancreatic cancer cells using the eriodictyol. 

Human embryonic kidney cells 293T, human pancreatic cancer cells Panc-1, 

and SNU-213 were treated with eriodictyol at different concentrations for 72 h. 

When we measured Cell viability using WST-1, we identify that the viability 

rate of pancreatic cancer cells were decreasing by the dose-dependent 

manner. Eriodictyol decreases the viability rate of about 33% from 50 μM 

compared to control in Panc-1 cells. SNU-213 cells were declined viability 

rate of about 44% from 50 μM compared to control. However, no significant 

effect was given to 293T cells (Figure 2A, 2B, and 2C). Additionally, to check 

the long-term viability of pancreatic cancer cells, measurements were made 

using the colony formulation assay. Eriodictyol has significantly decreased 

colony formation in pancreatic cancer cells. Eriodictyol decreases colony 

formation rate by 73% from 50 μM compared to control in Panc-1 cells (Figure 

3). SNU-213 cells were declined colony formation rate by 72% from 50 μM 

compared to control (Figure 4).  
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Figure 2. The effects of eriodictyol on the viability in human pancreatic cancer 

cells. (A-C) human embryonic kidney cells 293T, human pancreatic cancer 

cells Panc-1, and SNU-213 were treated with various concentrations (0, 5, 15, 

25, 50, and 100 μM) of eriodictyol for 72 h. Cell viability was determined by 

WST-1 assay. Graphs showed mean ±SEM, *P< 0.05; **P< 0.01; ***P<0.001 

to control group. 
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Figure 3. The Eriodictyol decreased cell colony formation in human 

pancreatic cancer cells. Examined by clonogenic assay, Panc-1 cells were 

treated with 0, 25, and 50 μM of Eriodictyol for 24 h. Eriodictyol significantly 

attenuated clonogenic assay in Panc-1. Graphs showed mean ±SEM, *P< 

0.05; **P< 0.01; ***P<0.001 to control group. 
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Figure 4. The Eriodictyol decreased cell colony formation in human 

pancreatic cancer cells. Examined by clonogenic assay, SNU-213 cells were 

treated with 0, 25, and 50 μM of eriodictyol for 24 h. Eriodictyol significantly 

attenuated clonogenic assay in dose-dependent manner in SNU-213. Graphs 

showed mean ±SEM, *P< 0.05; **P< 0.01; ***P<0.001 to control group. 
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3.2 Eriodictyol induce cell cycle arrest 

To examined cell cycle of pancreatic cancer cells using the eriodictyol. The 

cell cycle was detected by flow cytometry following eriodictyol treatment for 48 

h. Eriodictyol increases the S phase about 17% from 50 μM compared to 

control in Panc-1 cells. SNU-213 cells were increased the sub-G1 about 8% 

from 50 μM compared to control. Whereas, eriodictyol is showed a slight 

difference in 293T cells (Figure 5). Furthermore, we detected the expression 

level of cyclin-dependent kinase inhibitor proteins p21 (Waf1/cip1) to explore 

the mechanism accounting for cell cycle arrest. Eriodictyol treatment has 

increased the expression of p21 in pancreatic cancer cells (Figure 6). 
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Figure 5. Effects of eriodictyol on the cell cycle of human pancreatic cancer 

cells. Cell cycle analysis of eriodictyol-treated 293T, Panc-1, SNU-213 cells. 

Cells were incubated with 0, 25, and 50 μM of eriodictyol for 48 h. Following 

cells were fixed, stained with PI. Stained cells were detected by flow 

cytometry. The percentage indicated cells in sub G1, G0/G1, S, and G2/M 

phage of the cell cycle. Graphs showed mean ±SEM, *P< 0.05; **P< 0.01; 

***P<0.001 to control group. 
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Figure 6. Effects of eriodictyol on the cell cycle related proteins in human 

pancreatic cancer cells. Western blot analysis of cell cycle-related proteins 

after Panc-1 and SNU-213 cells treated with 0, 25, and 50 μM of eriodictyol 

for 48 h. The cell lysates were analyzed by SDS-PAGE, following by western 

blot analysis using antibodies of p21 and GAPDH. 
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3.3 Eriodictyol induced apoptosis in pancreatic cancer cells 

In order to examine the apoptotic effects of eriodictyol in pancreatic cancer 

cells, we performed flow cytometry after treatment of eriodictyol for 72 h. 

Panc-1 and SNU-213 cells were treated with 25 μM and 50 μM of eriodictyol. 

Panc-1 cells have increased apoptosis about 20% from 50 μM compared to 

control. SNU-213 increased apoptosis about 33% from 50uM compared to 

control. However, eriodictyol is showed a slight difference in 293T cells 

(Figure 7). Additionally, we have determined that eriodictyol affects apoptosis 

pathways in pancreatic cancer cells. Eriodictyol increased cleavage PARP in 

pancreatic cancer cells (Figure 8).  
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Figure 7. Effects of Eriodictyol on the apoptosis of human pancreatic cancer 

cells. Representative flow cytometry dot plots with Annexin V and PI staining. 

Apoptosis analysis of eriodictyol treated 293T, Panc-1, and SNU-213 cells. 

Cells were incubated with 0, 25, and 50 μM of eriodictyol for 72 h. Following 

the cells were collected, stained with Annexin V-FITC and PI. Stained cells 

were detected by flow cytometry. Graphs showed mean ±SEM, *P< 0.05; 

**P< 0.01; ***P<0.001 to control group. 
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Figure 8. Effects of eriodictyol on the apoptosis-related proteins in human 

pancreatic cancer cells. Western blot analysis of apoptosis-related proteins 

after Panc-1 and SNU-213 treated with 0, 25, and 50 μM of eriodictyol for 48 h. 

The cell lysates were analyzed by SDS-PAGE, following by western blot 

analysis using antibodies of cleaved PARP and GAPDH. Graphs showed 

mean ±SEM, *P< 0.05; **P< 0.01; ***P<0.001 to control group. 
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3.4 Eriodictyol inhibit the proliferation of pancreatic cancer cells via the 

MAPK and FAK/AKT signaling pathway 

To elucidate the mechanisms for pancreatic cancer cells of eriodictyol, we 

were performed western blot analysis after treated with eriodictyol for 48 h. 

We examined the phosphorylation level of FAK/AKT and MAPK in Pancreatic 

cancer cells. The results confirmed that eriodictyol inhibited the 

phosphorylation level of ERK1/2 in Panc-1 and SNU-213 cells. Eriodictyol has 

increased the phosphorylation level of JNK in Pacn-1 whereas SNU-213 cells 

have decreased the phosphorylation level of JNK (Figure 9). Also, our results 

showed that eriodictyol inhibits the phosphorylation level of FAK and AKT in 

Panc-1 and SNU-213 cells. In addition, the phosphorylation level of FAK and 

AKT were decreased in a time-dependent manner in Panc-1 and SNU-213 

cells after 50μM eriodictyol treatment (Figure 10). 
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Figure 9. Effects of eriodictyol on phosphorylation level of MAPK in 

pancreatic cancer cells. (A) Panc-1 and SNU-213 cells were treated with 0, 25, 

and 50 μM of eriodictyol for 48 h. (B) Panc-1 and SNU-213 cells were treated 

with 50 μM of eriodictyol for 0, 24, 30, 36, 42, 48 h. The cell lysates were 

analyzed by SDS-PAGE, following by western blot analysis using antibodies 

of p-JNK, JNK, p-ERK1/2, ERK1/2 and GAPDH. The relative band intensities 

were measured using Image J software. 
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Figure 10. Effects of eriodictyol on phosphorylation level of FAK and AKT in 

pancreatic cancer cells. (A) Panc-1 and SNU-213 cells were treated with 0, 25, 

and 50 μM of eriodictyol for 48 h. (B) Panc-1 and SNU-213 cells were treated 

with 50 μM of eriodictyol for 0, 0.5, 1, 2, 4, 6h.  The cell lysates were 

analyzed by SDS-PAGE, following by western blot analysis using antibodies 

of p-FAK, FAK, p-AKT, AKT and GAPDH. The relative band intensities were 

measured using Image J software. 
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4. DISCUSSION 

In this study, we showed that eriodictyol can selectively affect pancreatic 

cancer cells without harming the normal cells. Dual-specificity protein 

phosphatases (DUSPs) constitute a family of protein phosphatase 

characterized by the ability to dephosphorylate a tyrosine residue and 

serine/threonine residues [24]. The expression of DUSP28 was reported to 

induce chemo-resistance in pancreatic cancer cells. Also, DUSP28 was 

highly expressed in Panc-1 and SNU-213 was weakly expressed under the 

same conditions [25]. Similarly, we found that SNU-213 cells were more 

sensitive effects than Panc-1 cells. Eriodictyol triggered cell cycle arrest and 

induced cell apoptosis through FAK/AKT/MAPK signaling pathways. 

Apoptosis is considered as one of the imperative processes which allow the 

body to eliminate harmful cells from the body [26]. A previous study reported 

that eriodictyol induced apoptosis through bax and cleavage of PARP in 

Hep-G2 cells [22]. In our study, we found that eriodictyol induced apoptosis 

through cleavage of PARP in pancreatic cancer cells.  

FAK and PI3K/AKT signaling pathway is a cancer survival pathway that plays 

a central role in diverse cellular functions, including proliferation, survival, 

growth, and metastasis [27,28]. PI3K stimulated by FAK can stimulate AKT, 

which inhibits apoptosis by regulating cell death proteins. Indeed, FAK 

activation of PI3K/AKT signaling pathway was reported to be associated with 

resistance to apoptosis induced by TRAIL and UV irradiation [29,30]. Similarly, 

we found that eriodictyol has reduced the level of phosphorylation in FAK and 

AKT. 
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In addition to apoptosis, cell cycle arrest is another mechanism by which 

anticancer agents induce anticancer effects. If the cancer cells are arrested in 

any phase of the cell cycle, they are unable to complete cell division and 

tumor growth is halted [31]. The results of the present study revealed that 

eriodictyol caused S phase cell cycle arrest in Panc-1 cells. However, the 

previously reported study has demonstrated that A549 and Hep-G2 cells 

treated with eriodictyol showed G2/M phase cell cycle arrest [22,23]. We 

hypothesize that the results of eriodictyol in tumor cell cycle arrest may be 

due to the different cell lines and mechanisms.  

MAPK signaling including JNK, ERK, and p38 are mediators of cellular 

responses to extracellular signals [32,33]. A previous study found that cell 

cycle progression of the MDA-MB-231 and Panc-1 cells were arrested 

through JNK after treatment with natural compounds [34]. In our study found 

that treatment with eriodictyol increased the phosphorylation level of JNK in 

Panc-1 cells. Therefore, we expect that the upregulation of p21 by JNK can 

result in cell cycle arrest at S phase in Panc-1 cells. However, eriodictyol 

reduced the level of JNK phosphorylation in SNU-213 cells and no effect on 

the cell cycle progression.  

Therefore, further study is required to reveal the mechanism of eriodictyol for 

SNU-213 cells. In conclusion, this study found that eriodictyol inhibited 

proliferation and induces apoptosis in pancreatic cancer cells. Also, this result 

demonstrated the molecular mechanisms of eriodictyol-induced apoptosis in 

pancreatic cancer cells and potentially will contribute to the development of 

candidate reagents for pancreatic cancer. 
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