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Background: Although the incidence of pancreatic cancer has increased markedly, the

5-year survival rate for this disease is considerably low compared with other types of cancer.

Moreover, the mortality rate of pancreatic cancer is similar to its incidence rate. Current

therapeutic agents exhibit a lack of specificity for pancreatic cancer. Baohuoside I is tradi-

tionally used to treat orgasmic disorder and inflammation. However, its role in pancreatic

cancer is unknown.

Objective: To explore the effects of Baohuoside I on pancreatic cancer and to study the

potential-related molecular mechanism.

Materials and methods: In the present study, the antineoplastic effect of Baohuoside I was

investigated with regard to pancreatic cancer via colony formation, transwell and migration

assay. The energy metabolism changes of pancreatic cancer were tested by flow cytometry

analysis and oxidative phosphorylation and glycolysis assay. The target signaling members

were analyzed by Western blot.

Results: Baohuoside I inhibited the cell growth of pancreatic cancer cells. In addition, it

affected intracellular energy metabolism to induce cancer cell apoptosis via the mTOR/S6K1

and the caspase/Bcl2/Bax signaling pathways.

Conclusion: The present data provide further insight into the development of novel drugs

against pancreatic cancer.
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Introduction
Although the incidence and mortality of pancreatic cancer increases annually,

specific drugs for pancreatic cancer are not currently available partly due to the

highly aggressive nature of this disease.1,2 Tumor cells exhibit rapid proliferation

and high invasive and migratory activity. A combination of drugs is frequently

required to suppress tumor development.3,4 Previous studies have focused on the

treatment of numerous types of pancreatic cancer cells with different “aggressive-

ness”, which involves the development of drugs against pancreatic cancer.5 PANC-

1 cells were isolated from a 56-year-old male patient who presented with

a pancreatic head malignant tumor. The PANC-1 cell line is the most widely used

and ideal cell line for cancer drug development studies due to its high motility and

highly invasive activity.6,7 The CFPAC-1 cell line was isolated from a 26-year-old

male patient with well-differentiated pancreatic head malignant tumor. This cell line

is suitable for exploring idiopathic pancreatic cancer.8
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Baohuoside I is a biologically active flavonoid from the

Epimedium grandiflorum species that exhibits limited

adverse reactions. The traditional pharmaceutical use of

Baohuoside I includes the treatment of impotence.

Additional studies have reported that it can protect against

inflammation.9 In the early 1990s, Thong et al10 suggested

the potential anti-tumor properties of Baohuoside I. It was

not until recently that the function of Baohuoside I in

suppressing cancer cell proliferation was revealed.11,12

This compound was shown to possess limited side effects.

Although the mechanism of its action has not been fully

investigated, Baohuoside I exerts anti-metastatic activity

in breast cancer11 and inhibits cancer cell viability in non-

small cell lung cancer.12 However, the effects of

Baohuoside I in other types of cancer, notably in pancrea-

tic cancer are not clear. Moreover, the regulatory mechan-

ism of Baohuoside I on cancer progression requires further

investigation.

In the present study, the effects of Baohuoside I in

acquired pancreatic cancer cells (PANC-1 cells) and idio-

pathic pancreatic cancer cells (CFPAC-1 cells) were

assessed. It was shown that Baohuoside I suppressed the

growth of pancreatic cancer cells. Furthermore, a potential

mechanism of Baohuoside I was proposed, which involved

induction of pancreatic cancer cell apoptosis via the

mTOR/S6K1 and the caspase/Bcl2/Bax signaling

pathways.

Materials and Methods
Drugs and Antibodies
Baohuoside I was purchased from YuanYe biotechnology

(Shanghai, China). Baohuoside I was dissolved in DMSO at

a final concentration of 100 mM. Compound C (CC; Sigma-

Aldrich, Missouri, US) was dissolved in DMSO as 10mM.

The Annexin V-FITC Apoptosis kit was purchased from

BestBio Company (Shanghai, China). The Cell Counting

Kit-8 (CCK-8) assay was purchased from BestBio

Company (Shanghai, China). The antibodies against

mTOR (catalog no. ab2732), p62 (catalog no. ab155686)

and caspase-3 (catalog no. ab2302) were purchased from

Abcam. The antibodies against S6K1 (catalog no. CST

9202), phosphorylated (p)-S6K1 (catalog no. CST 9204S),

AMPK (catalog no. CST 2532S), p-AMPKα1 (catalog no.

CST 2537), p-mTOR (catalog no. CST 5536S), LC3A/B

(catalog no. CST 12741), caspase 8 (catalog no. CST

4790) and Bax (catalog no. CST 5023S) were purchased

from Cell Signaling Technology, Inc. The antibody against

Bcl2 (catalog no. 12789-1-AP) and Cora Lite 488 conju-

gated Affinipure second antibody (catalog no. SA00013-2)

was purchased from ProteinTech Group, Inc. The GAPDH

antibody (catalog no. AP0063) was purchased from

Bioworld Technology, Inc. The Ki67 antibody (catalog no.

AF0198) was purchased from Affinity Biosciences, Inc.

Cells and Cell Culture
The normal pancreatic cells hTERT-HPNE and human pan-

creatic cancer cell line PANC-1 and CFPAC-1 were obtained

from the American Type Culture Collection (ATCC,

Manassas, USA). The cells were cultured in Dulbecco’s

modified Eagle’s medium (DMEM; GENOM, Hangzhou,

China), containing 10% fetal bovine serum (FBS; Thermo

Fisher Scientific, Waltham, USA), and 1% Penicillin-

Streptomycin (Thermo Fisher Scientific, Waltham, USA)

and maintained at 37° in a 5% CO2 humidified atmosphere.

The cells were passaged every 2–3 days.

Cell Viability Assay
The viability of hTERT-HPNE, PANC-1 and CFPAC-1

cells was measured using the Cell Counting CCK-8

assay (BestBio Company, Shanghai, China) according to

the manufacturer’s instructions. The cells were cultured in

96-well plates at a concentration of 5×103/well. The cells

were cultured for 24 h and treated with the 10μM, 20μM,

30μM, 40μM, 50μM, 60μM, 70μM, 80μM, 90μM
Baohuoside I or an equal volume of DMEM medium.

Following 24 h of treatment, the cells were treated with

100 μL CCK-8 solution and incubated in the dark for an

additional 2 h at 37°C. Cell viability was quantified at 450

nm by a Multiskan Spectrum spectrophotometer (Thermo

Fisher Scientific, Inc.) using the following formula:

[(OD450 of treated cells – OD450 of blank cells)/(OD450

of control cells – OD450 of blank cells) ×100%].

Real-Time Cellular Analysis
The cells were seeded at a concentration of 2×105 cells/

well in cell culture E16-Plates (ACEA Biosciences, San

Diego, USA). The proliferation assay and the cell growth

index were recorded using the Label-free Real-time

Cellular Analysis (RTCA) system (Roche Applied

Science, Penzberg, Germany). The cell growth index was

normalized at every time point following cell treatment.

Colony Formation Assay
The cells were plated in 6-well plates with 1000–2000

cells/well. Following cell growth into colonies that were
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visible to the naked eye, the cells were treated with

Baohuoside I and/or CC. Following 24 h of treatment,

the colonies were fixed with formaldehyde, stained with

crystal violet and finally counted.

Migration Assay
The exponentially growing cells were seeded in 6-well

plates and incubated at 37°C for 48 h. Subsequently, the

culture area was scratched with a crystal pipette tip to

create a linear gap in the confluent cell monolayer. The

detached cells were washed away with PBS and the med-

ium with 0, 20 or 50 µm Baohuoside I was added. The

cells were allowed to fill the gap and images of the culture

area were obtained using an inverted microscope at 24 h.

Transwell Assay
ATranswell assay (Costar; Corning, Inc.) was used to evaluate

the invasive activity of PANC-1 and CFPAC-1 cells in vitro.

The cells were incubated with Baohuoside I at a concentration

of 1×105 cells in 500 μL serum-free medium. The compound

was added to the upper chamber, which was coated with

growth factor reduced Matrigel® for the invasive assay, and

medium containing 10%FBSwas added to the lower chamber

as a chemoattractant. Following incubation for the appropriate

time, cells on the upper surface of the membrane were

removed by a Q-tip and the invaded cells were fixed with

formaldehyde and stained using 0.5% crystal violet (Sigma-

Aldrich; Merck KGaA). The number of invaded cells was

counted in five randomly selected fields using a microscope.

Flow Cytometry Analysis of Apoptosis
The cells were treated with Baohuoside I in a 6-well plate

(5×105/mL, 2 mL/well) and washed with PBS. When the

cells reached 85% confluence, they were harvested and

resuspended in binding buffer at a density of 5×105 cells/

mL. The cells were incubated with 5 μL Annexin V-FITC

for 15 min at room temperature in the dark and finally

incubated with 5 μL propidium iodide (PI) for a further 5

min under the same conditions. Finally, flow cytometry

was performed using a FACS C6 instrument and the data

were analyzed using FlowJo 7.6 software (FlowJo LLC).

Protein Extraction and Western Blotting
Following treatment with different concentrations of

Baohuoside I, the cells were lysed in ice-cold RIPA lysis

buffer (Beyotime, Shanghai, China) supplemented with

10% PhosSTOP (Beyotime, Shanghai, China), 1% PMSF

(Beyotime, Shanghai, China) and 1% DTT, incubated on

ice for 30 min and finally centrifuged for 10 min (12,000 ×

g, 4°C). The supernatant was collected and the protein

concentration was calculated using the Pierce BCA protein

assay (Beyotime, Shanghai, China). The total protein was

subjected to 12% SDS-PAGE and transferred to PVDF

membranes (Bio-Rad Laboratories, Inc.). Following block-

ing with 5% skimmed non-fat milk in TBST for 1 h at

room temperature, the membranes were incubated over-

night at 4°C with specific primary antibodies (1:1000)

overnight. Following three washes in TBST for 7–10 min

each, the membranes were incubated with the secondary

antibodies for a further 1 h at room temperature. Following

three 5-min washes in TBST, the protein bands were

visualized using chemiluminescence detection on autora-

diographic film. The quantification was performed by mea-

suring the intensity of the signals using Image-Pro Plus.

The expression levels of each protein were normalized to

those of the GAPDH protein.

Oxidative Phosphorylation and Glycolysis

Assay
The intact cellular oxygen consumption rate (OCR) and

extracellular acidification rate (ECAR) were measured in

real-time using the Seahorse XF96 Extracellular Flux

Analyser (Seahorse Bioscience, North Billerica, MA,

USA). In short, 1.0 ×104 of PANC-1 and CFPAC-1 cells

were seeded into 96-well cell plates and incubated overnight

at 37 °C, 5%CO2. Both cells were pretreated with or without

different concentrations of BI for 24 hrs. Simultaneous, the

calibration plates were incubated overnight at 37 °C in a non-

CO2 incubator. Then, both cell media were replaced with

assay medium. Once the probe calibration was completed,

the probe plate was replaced by the cell plate. The analyzer

plotted the value of OCR followed by injection of the com-

pounds sequentially as follows: oligomycin (inhibitor of ATP

synthase; 2.5 μM), FCCP (uncoupler of OXPHOS; 2 μM),

rotenone (inhibitor of complex I; 0.25 μM) and anti-mildew

A (inhibitor of complex III; 0.25 μM) (n=8). ECAR was

evaluated after continuous injection of glucose (10 mM),

oligomycin (1 μM) and 2-DG (50 mM) (n = 8). After com-

pleting the test, the BCA Protein Assay Kit was performed to

determine protein concentration to normalize OCR and

ECAR according to the manufacturer’s instructions.

Immunofluorescence Assay
The PANC-1 cells treated by Baohuoside I (50 µM) and/or

CC (10 µM) for 24 h were fixed with 4% formaldehyde
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(Sigma-Aldrich, Missouri, US) for 30 min and were per-

meabilized in 0.1% Triton X-100 (Sigma-Aldrich,

Missouri, US) for 10 min. The fixed cells were washed

with 1X PBS, blocked with 2% BSA in 1X PBS for 30

min at room temperature (RT), and incubated with the

antibody of Ki67 (1:1000) overnight at 4 °C. After wash-

ing, the cells were incubated with Cora Lite 488 conju-

gated Affinipure second antibody (1:1000) in PBST

containing 1% BSA for 1 hr. After washing twice, the

nuclei of the cells were stained with 4,6-diamidino-2-phe-

nylindole (DAPI; Sigma-Aldrich, Missouri, US) and then

were visualized under a FLUOVIEW FV10i confocal

microscope (Olympus, Tokyo, Japan).

Statistical Analysis
All data were obtained from independent experiments and

are presented as mean ± standard deviation. P<0.05 was

considered to indicate a statistically significant difference.

Statistical analysis was performed using SPSS 18.0 (IBM,

Armonk, USA) and GraphPad Prism 6.0 (GraphPad

Software Inc., San Diego, USA). One-way ANOVA and

the Student–Newman Keuls test were used to compare the

mean values of each pair of groups. The analysis between

pairs was performed using Fisher’s Least Significant

Difference method provided the results of the analysis of

variance were significant.

Results
Inhibition of Cell Proliferation of

Pancreatic Cancer Cells by Baohuoside I
The antitumor effect of Baohuoside I was assessed by exam-

ining the inhibition of proliferation of PANC-1 and CFPAC-1

cells by CCK8, label-free RTCA and colony formation assays.

As demonstrated in Figure 1A–C, the pancreatic cancer cells

viability rate of Baohuoside I-treated cells was significantly

decreased compared with hTERT-HPNE cells. The half-

maximal inhibitory concentration values of Baohuoside I for

hTERT-HPNE, PANC-1 and CFPAC-1 cells at 24 h were 51,

38 and 35 µM, respectively (Figure 1A–C). The antitumor

effect of Baohuoside I on PANC-1 (Figure 1D) and CFPAC-1

(Fig, 1E) cells were subsequently monitored following the

treatment of Baohuoside I. Label-free RTCA indicated that

the proliferative ability of PANC-1 (Figure 1D) and CFPAC-1

(Figure 1E) cells was significantly decreased following treat-

ment with 20 and 50 μM Baohuoside I. The plate colony

formation assay was performed to detect the proliferative

activity of PANC-1 and CFPAC-1 cells following treatment

with Baohuoside I (Figure 1F). The number of PANC-1 and

CFPAC-1 cells was significantly diminished following treat-

ment with 20 and 50 μMBaohuoside I compared with that of

the DMSO group. The colony formation assay revealed that

Baohuoside I potently inhibited the proliferation and colony

formation of CFPAC-1 cells. These results indicated that

Baohuoside I treatment inhibited the proliferation of PANC-

1 and CFPAC-1 cells in a dose-dependent manner.

Inhibitory Effects of Baohuoside I on the

Invasive and Migratory Activity of Pancreatic

Cancer
Subsequently, cell invasion was assessed using Transwell

assays and the ability of cell migration was measured by

a wound-healing assay following concomitant treatment

with Baohuoside I. The Transwell experiments demonstrated

that PANC-1 and CFPAC-1 cells containing DMSO exhib-

ited potent invasive ability (Figure 2A). Treatment of the

cells with Baohuoside I markedly inhibited cell invasion

compared with that noted in the control group. The migratory

activity of the cells was gradually attenuated following treat-

ment with 0, 20 and 50 μMBaohuoside I. The wound healing

assay revealed that Baohuoside I significantly inhibited

PANC-1 and CFPIC-1 cell migration (Figure 2A). These

results indicated that Baohuoside I treatment inhibited the

invasion and migration of PANC-1 and CFPAC-1 cells in

a dose-dependent manner.

Baohuoside I Induces Pancreatic Cancer

Cell Apoptosis
To investigate the effects of Baohuoside I on the induc-

tion of pancreatic cancer cell apoptosis, PANC-1 and

CFPAC-1 cells were treated with Baohuoside I at

a concentration of 0, 20 or 50 µM for 24 h. The induction

of apoptosis was evaluated using the Annexin V-FITC/PI

assay. The apoptotic assay indicated that Baohuoside

I treatment resulted in a considerable increase in the

percentage of apoptotic cells compared with that in the

untreated cells. Specifically, the induction of apoptosis

was increased from 0.024% to 4.97% in PANC-1 cells

and from 2.13% to 8.42% in CFPAC-1 cells (Figure 3).

The increase in the concentration of Baohuoside I was

accompanied with a concomitant increase in the percen-

tage of apoptotic PANC-1 and CFPAC-1 cells. The results

revealed that Baohuoside I treatment promoted apoptosis

of PANC-1 and CFPAC-1 cells in a dose-dependent

manner.
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Baohuoside I Suppresses Glycolysis in

Pancreatic Cancer Cells
To explore the effect of Baohuoside I on the cellular bioener-

getics of pancreatic cancer cell lines, the ECAR of PANC-1

and CFPAC-1 cells was analyzed following treatment with 0,

20 or 50 µM Baohuoside I using the extracellular flux

analyzer. Overall, the treatment of cells with Baohuoside

I resulted in a significant reduction of the aerobic glycolytic

rate in both PANC-1 and CFPAC-1 cells (Figure 4A and B).

In addition, various parameters of the aerobic glycolytic rate

were analyzed and the results demonstrated that low doses of

Baohuoside I led to a decrease in the maximal glycolytic rate

Figure 1 Baohuoside I inhibit hTERT-HPNE, PANC-1 and CFPAC-1 cells proliferation. CCK8 assay following hTERT-HPNE (A), PANC-1 (B) and CFPAC-1 (C) cells

incubated with 10μM, 20μM, 30μM, 40μM, 50μM, 60μM, 70μM, 80μM, 90μM Baohuoside I or an equal volume of DMEM medium for 24h. Label-free Real-time Cellular

Analysis (RTCA) following PANC-1 (D) and CFPAC-1 (E) cells incubated with Baohuoside I (20μM, 50μM) or an equal volume of DMEM medium for 24h. (F) Colony
formation assay following PANC-1 and CFPAC-1 cells incubated with Baohuoside I (20μM, 50μM) or an equal volume of DMEM medium for 24h. The pancreatic cancer cells'

viability rate in Baohuoside I-treated cells was significantly decreased compared with hTERT-HPNE cells. Baohuoside I significantly inhibited proliferation in pancreatic cancer,

and the inhibition is concentration dependent. Data are presented as mean ± SD, N = 3; **P<0.01; ***P<0.001; ****P<0.0001, compared with control.
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and the glycolytic activity in PANC-1 cells. Moreover,

Baohuoside I reduced basal and maximum levels of glyco-

lysis and inhibited glucose metabolism in CFPAC-1 cells.

High doses of compound treatment resulted in a significant

reduction of four specific indices of aerobic glycolysis

(Figure 4C–F). These data suggested that Baohuoside

I treatment suppressed glycolysis in pancreatic cancer cells

in a dose-dependent manner.

Figure 2 Baohuoside I inhibit PANC-1 and CFPAC-1 invasion and migration. (A) Transwell assay following PANC-1 and CFPAC-1 cells incubated with Baohuoside I (20μM,

50μM) or an equal volume of DMEM medium for 24h. (B) Wound healing assay following PANC-1 and CFPAC-1 cells incubated with Baohuoside I (20μM, 50μM) or an equal

volume of DMEM medium for 24h. Baohuoside I significantly inhibited invasion and migration in PANC-1 and CFPAC-1 cells of pancreatic cancer. And the invasion and

migration inhibited by Baohuoside I is concentration dependent. Data are presented as mean ± SD, N = 3; ***P<0.001; ****P<0.0001, compared with control.
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Baohuoside I Inhibits Mitochondrial

Respiration in Pancreatic Cancer Cells
To further investigate the effects of Baohuoside I on pancreatic

cancer cell bioenergetics, oxidative phosphorylation was

assessed by measuring cellular OCRs. The results indicated

that the OCRwas significantly reduced following treatment of

PANC-1 and CFPAC-1 cell lines with 0, 20 or 50 µM

Baohuoside I (Figure 5A and B). The indices of mitochondrial

respiration were also assessed. The data indicated that low

doses of Baohuoside I resulted in the reduction of maximal

respiration in the PANC-1 and CFPAC-1 cell lines. However,

the ATP production was not affected and high doses of

Baohuoside I led to a dramatic decrease of basal respiration,

maximal respiration and ATP production (Figure 5C–E). The

data indicated that Baohuoside I treatment led to a suppression

of mitochondrial respiration in a dose-dependent manner.

Induction of Cancer Cell Apoptosis by

Baohuoside I Depends on the mTOR/S6K1

and Caspase/Bcl2/Bax Apoptotic Signaling

Pathways
To further investigate the potential mechanism of Baohuoside

I-induced apoptosis, the expression of key apoptotic proteins

was detected byWestern blot analysis. Baohuoside I treatment

increased the expression levels of caspase-3, caspase-8 and

Bax,whereas the expression levels of the anti-apoptotic protein

Bcl-2 were downregulated, which further confirmed that

PANC-1 andCFPAC-1 cell growthwas inhibited by the induc-

tion of apoptosis (Figure 6). Baohuoside I treatment signifi-

cantly increased the expression levels of LC-3B, whereas the

expression levels of the protein p62 were downregulated,

suggesting the induction of autophagy in both PANC-1 and

CFPAC-1 cells. Moreover, p-mTOR was downregulated,

while p-AMPK was upregulated by Baohuoside I treatment

in both PANC-1 and CFPAC-1 cells, indicating that the

AMPK/mTOR signaling was involved in Baohuoside

I-induced autophagy and apoptosis. In addition, treatment of

PANC-1 andCFPAC-1 cellswithBaohuoside I downregulated

the expression levels of p-S6K1, suggesting the inhibition of

protein synthesis. The data suggest that Baohuoside I treatment

may promote AMPK activation, suppress mTOR activation,

induce autophagy and inhibit protein synthesis in both PANC-

1 andCFPAC-1 cells, resulting in the inhibition of proliferation

and induction of apoptosis in pancreatic cancer.

Compound C Restored the Inhibition of

Proliferation Induced by Baohuoside I via

AMPK Suppression
To further determine whether Baohuoside I suppress the

proliferation in pancreatic cancer via overexpressing

AMPK, we pretreated with Compound C (10 µM), inhibitor

of AMPK, in PANC-1 cells and then treated with

Figure 3 Baohuoside I promote PANC-1 and CFPAC-1 apoptosis. Flow cytometry for apoptosis [apoptosis ratio was calculated as (Q2+Q3)/(Q1+Q2+Q3+Q4)] of PANC-

1 and CFPAC-1 cells incubated with Baohuoside I (20μM, 50μM) or an equal volume of DMEM medium for 24h. Baohuoside I significantly promoted apoptosis in PANC-1

and CFPAC-1 cells of pancreatic cancer. And the apoptosis induced by PANC-1 and CFPAC-1 is concentration dependent. Data are presented as mean ± SD, N = 3;

***P<0.001; ****P<0.0001, compared with control.

Dovepress Ni et al

Cancer Management and Research 2019:11 submit your manuscript | www.dovepress.com

DovePress
10615

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Baohuoside I (50 µM). As shown in Figure 7, the pretreat-

ment of Compound C down-regulated the expression of

p-AMPK and up-regulated the expression the p-mTOR in

PANC-1 cells treated with Baohuoside I (Figure 7D).

Moreover, the results of colony formation assays illustrated

that Compound C partly restored the inhibitory effect of

Baohuoside I on PANC-1 cells proliferation (Figure 7A).

Furthermore, the RTCA results also indicated that the

Baohuoside I induced suppressing effect of proliferation

was partially reversed by Compound C (Figure 7C). Last,

Compound C was found to attenuate the suppression

expression of the cell proliferation marker Ki-67 induced

by Baohuoside I in PANC-1 cells (Figure 7E). The above

results suggesting that Compound C reversed Baohuoside

I induced inhibition of proliferation of pancreatic cancer

cells through AMPK suppression.

Discussion
The process of developing specific drugs for pancreatic

cancer has a slow progression, due to multiple malignant

behaviors of pancreatic cancer. In the clinic, 5-fluorouracil

and gemcitabine alone or in combination (such as with

CD40) are commonly used for pancreatic cancer

therapy.13,14 However, the therapeutic results are not

ideal since these drugs exhibit severe toxicity by affecting

normal cell DNA synthesis. Moreover, these drugs cannot

effectively inhibit the malignant activities of pancreatic

cancer cells, including rapid proliferation, high invasion

and migration.13–15 In addition, the treatment response rate

of Gemcitabine in pancreatic cancer patients is only

12%.16 Less than 25% of the pancreatic cancer patients

benefit from Gemcitabine treatment and the median over-

all survival is only 6 months.17

Figure 4 Baohuoside I reduces glycolysis in pancreatic cancer cells. (A and B) Overall ECAR curve of PANC-1and CFPAC-1 cells treated with or without Baohuoside I (0,

20, 50 mM) for 24 h. Injection order: glucose (10mM), oligomycin (1 μM), and 2-DG (50 mM) for both PANC-1 and CFPAC-1 cells. (C) Basal glycolysis. (D) Maximal

glycolysis. (E) Glycolysis capacity. (F) Glycolysis metabolism. Data are presented as the mean ±SD (ns, not significant, **P < 0.01; ***P<0.001; ****P<0.0001). The

representative images represent the mean ECAR ± SD of eight replicates.
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Baohuoside I, a flavonoid extracted from Herba

Epimedii, has been verified to have the anti-tumour activity

in broad-spectrum of human malignancies. For instance,

Baohuoside I treatment was demonstrated to induce apop-

tosis in human non-small cell lung cancer.12 Baohuoside

I suppresses cell proliferation and migration in melanoma.18

In the present study, Baohuoside I effectively inhibited the

pancreatic cancer malignant phenotype as determined by

acquired (PANC-1) and idiopathic (CFPAC-1) pancreatic

cancer cell line models, which suggested that as a valuable

therapeutic agent for this type of cancer. Notably, high

invasion and migration of PANC-1 and CFPAC-1 cells

was effectively suppressed by Baohuoside I treatment

(Figure 2). High invasive and migratory activity of pancrea-

tic cancer cells results in incident multiple organ metastasis

of pancreatic tumors that further leads to uncontrolled can-

cer spread.6,19 Despite the severity of this disease, current

medicinal drugs cannot effectively limit pancreatic cancer

cell growth and metastasis. Moreover, gemcitabine resis-

tance has been reported in pancreatic cancer20,21 and

Baohuoside I may be a potential alternative medicine.

Defects in inducing cancer cell apoptosis often lead to the

failure of several potential anticancer drugs. Lowe et al22

highlighted the importance of drug-induced apoptosis in

tumor therapy. In clinical thermotherapy, tumor cells evade

apoptosis resulting in drug resistance.22,23 In addition to inhi-

biting the aggressive phenotypes of acquired and idiopathic

pancreatic cancer cells, Baohuoside I significantly induced

pancreatic cell apoptosis even at low concentration levels

(Figure 3). Moreover, drug-induced cancer cell apoptosis

Figure 5 Baohuoside I reduces mitochondrial respiration in pancreatic cancer cells. (A and B) Overall oxygen consumption rate (OCR) curve of PANC-1 and CFPAC-1

cells treated with or without Baohuoside I (0, 20, 50μM) for 24 h with the Seahorse XF96 Extracellular Flux Analyzer. Injection order: oligomycin (2.5 μM), FCCP (2 μM),

and rotenone (0.25 μM), and antimycin A (0.25 μM) for both PANC-1 and CFPAC-1 cells. The overall OCR curves were plotted as the mean OCR ± SD of eight replicates.

(C) Basal respiration, (D) maximal respiration, and (E) ATP production were assessed, respectively. Data are presented as the mean ± SD (ns, not significant, *P < 0.05;

***P<0.001; ****P<0.0001).
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prevents uncontrolled expansion and invasion with minimal

side effects.24

The metabolism of tumor cells is distinct from that of

normal cells and is mainly dependent on glycolysis.25 The

core energy regulatory members in cancer cells include

AMPK (a low energy sensor activated by low glucose or

low ATP) and mTOR (a high-energy sensor activated by

high glucose or high ATP).26,27 In the present study,

Figure 6 Baohuoside I inducing apoptosis is dependent on mTOR/S6K1-Caspases/Bcl2/Bax apoptotic signaling. After 24 h treatment with Baohuoside I (20μM, 50μM),

(A and B) the expression of AMPK/mTOR signaling pathway autophagy and apoptosis-related proteins was detected by Western blotting analysis. (C) Mechanism of Action

of Baohuoside I on pancreatic cancer cells.
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Baohuoside I activated the phosphorylation of AMPK and

inhibited phosphorylation of mTOR and its downstream

target S6K1 (Figure 6). The balance between AMPK and

mTOR maintains intracellular ATP metabolism and the

uneven activation of either of these pathways results in

the initiation of apoptosis.28,29 Baohuoside I may block the

Figure 7 Compound C reversed Baohuoside I induced inhibition of proliferation of pancreatic cancer cells through AMPK suppression. (A and B) The colony formation

assays showed that Compound C (10μM) restored the inhibitory effect of Baohuoside I (50μM) on PANC-1 cells proliferation. (C) The RTCA showed that the Baohuoside

I induced suppressing effect of proliferation was reversed by Compound C. (D) the pretreatment of Compound C down-regulated the expression of p-AMPK and up-

regulated the expression of the p-mTOR in PANC-1 cells treated with Baohuoside I. (E) Compound C was found to attenuate the suppression expression of the cell

proliferation marker Ki-67 induced by Baohuoside I in PANC-1 cells. Data are presented as the mean ± SD (***P < 0.001; ****P<0.0001).

Abbreviations: BI, Baohuoside I; C, Control; CC, Compound C.
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abnormal high-energy demand of pancreatic cancer cells

and subsequently induce apoptosis. Regarding the link

between metabolism alteration and apoptosis, previous

studies have shown that mTOR can induce caspase-

dependent apoptosis.30 The findings reported in the present

study were consistent with these reports and confirmed the

activation of the pro-apoptotic family members (caspase-3/

8 and Bax) and the inhibition of the anti-apoptotic protein

Bcl-2 (Figure 6).

Autophagy and apoptosis are vitally regulated processes

underlying cell and tissue homeostasis and disease.31

Autophagy promotes apoptosis through the degradation of

anti-apoptotic and cell-protective factors.32 In addition, autop-

hagy also determines the ways of cell death by serving as

a role of conversion between apoptosis and necroptosis.33

Similarly, the removal or functional inhibition of crucial pro-

teins from the apoptotic pathway can inhibit autophagy.34

Consistent with these reports, our results also testified the

interplay between autophagy and apoptosis (Figure 6).

In conclusion, the present study demonstrated that

Baohuoside I inhibited the malignant phenotype of both

acquired (PANC-1) and idiopathic (CFPAC-1) pancreatic

cancer cells. The suppression of pancreatic cancer cell

growth by Baohuoside I may be mediated via the

mTOR/S6K1 and caspase/Bcl2/Bax signaling pathways

in order to activate the induction of apoptosis.
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