
ww.sciencedirect.com

j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 6 ( 2 0 1 8 ) 1 8 2e1 9 2
Available online at w
ScienceDirect

journal homepage: www.j fda-onl ine.com
Original Article
Antioxidant activity and anticancer effect of
ethanolic and aqueous extracts of the roots of Ficus
beecheyana and their phenolic components
Gow-Chin Yen a, Cheng-Shih Chen b, Wei-Tang Chang c, Mei-Fang Wu b,
Feng-Tsung Cheng b, Duen-Kai Shiau b,d, Chin-Lin Hsu c,e,*

a Department of Food Science and Biotechnology, National Chung Hsing University, Taichung, Taiwan
b Department of Industrial Engineering and Systems Management, Feng-Chia University, Taichung, Taiwan
c School of Nutrition, Chung Shan Medical University, Taichung, Taiwan
d Department of Dental Technology and Materials Science, Central Taiwan University of Science and Technology,

Taichung, Taiwan
e Department of Nutrition, Chung Shan Medical University Hospital, Taichung, Taiwan
a r t i c l e i n f o

Article history:

Received 4 November 2016

Received in revised form

13 February 2017

Accepted 15 February 2017

Available online 16 March 2017

Keywords:

antioxidant activity

apoptosis

Ficus beecheyana

HL-60 cells

phenolic compound
* Corresponding author. No. 110, Sec. 1, Jian
E-mail address: clhsu@csmu.edu.tw (C.-L

http://dx.doi.org/10.1016/j.jfda.2017.02.002

1021-9498/Copyright © 2017, Food and Drug Adm

BY-NC-ND license (http://creativecommons.org
a b s t r a c t

This study aimed to investigate the antioxidant and anticancer effects of ethanolic and

aqueous extracts of the roots of Ficus beecheyana (EERFB and AERFB) and their phenolic

components. In this study, total phenolic content and antioxidant activity of EERFB were

higher than those of AERFB. Major phenolic compounds in the extracts were gallic acid, p-

hydroxybenzoic acid, caffeic acid, chlorogenic acid, p-coumaric acid, and rutin; which were

identified by high-performance liquid chromatography. Flow cytometric analysis of HL-60

cells exposed to EERFB showed that the percentage of apoptotic cells increased in a dose-

dependent manner. EERFB treatment resulted in the loss of mitochondrial membrane

potential and induced the apoptosis of HL-60 cells through a Fas- and mitochondrial-

mediated pathway. Finally, pretreatment with general caspase-9/-3 inhibitors prevented

EERFB from inhibiting cell viability in HL-60 cells. Our finding suggests that EERFB is an

agent that may have antioxidant activity and inhibit the growth of cancer cells.

Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The majority of the antioxidant activities (such as free radical

scavenging) of vegetables, fruits, and herbalmedicinesmay be

due to phenolic compounds [1,2]. Several epidemiological
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studies have indicated that phenolic-rich foods might reduce

the risk of many chronic diseases, such as coronary heart dis-

ease, cancer, and metabolic syndrome [3,4]. Ficus beecheyana

Hook.& Arn. (Moraceae) is widely distributed in East Asia, and

grows predominately in China, Taiwan, Hong Kong, and Viet-

nam. In traditional medicine, the rhizomes of this plant have
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beenusedasaherbal remedy to treatdiabetesand rheumatism

[5]. Lee et al [6] have reported new phenolic compounds iso-

lated from the roots of Ficus beecheyana, including threo-2,3-

bis(4-hydroxy-3-methoxyphenyl)-3-ethoxypropan-1-ol, erythro-

2,3-bis(4-hydroxy-3-methoxyphenyl)-3-ethoxypropan-1-ol, trans-4,

5-bis(4-hydroxy-3-methoxyphenyl)-1,3-dioxacyclohexane, threo-

3-(4-hydroxy-3,5-dimethoxyphenyl)-3-ethoxypropane-1,2-diol,

and 2,3-dihydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-

propanone. Lee et al [7] also reported new prenylated fla-

vones (including ficubee A and ficubee B) isolated from the

roots of Ficus beecheyana.

Apoptosis or programmed cell death is a normal and

fundamental event that occurs in a well-definedmanner. This

process plays a key role in normal tissue development,

maturation, the maintenance of the homeostasis in the body,

and the control of the immune system. Apoptosis is charac-

terized by the activation of the caspases, a family of cysteine

proteases, followed by specific caspase-mediated morpho-

logical changes, such as cell shrinkage, chromatin condensa-

tion, nuclear DNA fragmentation, membrane blebbing, and

apoptotic body formation [8]. In the present study, we used

four cancer cell lines, AGS human gastric adenocarcinoma

cells, SW 872 human liposarcoma cells, HL-60 human leuke-

mia cells, and HepG2 human hepatoma cells, which were

derived from important types of cancer. Gastric adenocarci-

noma is a global health problem and the most common cause

of cancer-related death in the world [9]. Liposarcomas are

adipocytic tumors and represent the largest single group of

soft tissue tumors [10]. Leukemia is a disease characterized by

the failure of cell death or the inability of hematopoietic cells

to differentiate or undergo apoptosis [11]. Hepatocellular car-

cinoma is one of the most common malignant tumors

worldwide and may be the most common fatal cancer [12].

The antioxidant activity and anticancer effects of the etha-

nolic (EERFB) and aqueous (AERFB) extracts of the roots of Ficus

beecheyana and their phenolic components have not been

determined.

The objective of this study was to investigate the antioxi-

dant activity and anticancer effects of EERFB andAERFB. In the

present work, EERFB and AERFB were prepared and evaluated

to determine their antioxidant activity based on the total

phenolic content, oxygen radical absorbance capacity (ORAC),

and Trolox equivalent antioxidant capacity (TEAC). Themajor

antioxidant constituents of EERFB and AERFB were identified

by high-performance liquid chromatography (HPLC). Further-

more, various human cancer cell lines (AGS cells, SW 872 cells,

HL-60 cells, and HepG2 cells) were used to investigate anti-

cancer activity in vitro. The anticancer effects of the extract of

the roots of Ficus beecheyana through intrinsic and extrinsic

pathways in human cancer cells were also investigated.
2. Materials and methods

2.1. Materials

Phenolic acids, flavonoids, Folin & Ciocalteu's phenol reagent,

Trolox, 2,20-azinobis (3-ethylbenzothiazoline 6-sulfonate)

(ABTS), sodium bicarbonate, MTT dye [3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyl tetrazoliumbromide], and propidium iodide
(PI) were purchased from Sigma Chemical Co. (St. Louis, MO,

USA). Dimethylsulfoxide (DMSO) was purchased from Merck

Co. (Darmstadt, Germany). 2,20-Azobis (2-amidinopropane)

dihydrochloride (AAPH) was purchased from Wako Pure

Chemicals (Osaka, Japan). Leibovitz's L-15 medium, Ham's F-

12K medium, RPMI-1640 medium, minimum essential me-

dium, fetal bovine serum, nonessential amino acids, sodium

pyruvate, and an antibiotic mixture (penicillinestreptomycin)

were purchased from Invitrogen Co. (Carlsbad, CA, USA). Anti-

Fas, anti-FasL, anti-p53, anti-Bax, anti-Bcl-2, anti-Bak, anti-

Bad, anti-tBid, anti-caspase-8, anti-caspase-9, anti-caspase-3,

anti-poly (ADP-ribose) polymerase (anti-PARP), and anti-b-

actin antibodies; a caspase-3/CPP32 inhibitor (Z-DEVD-FMK);

and a caspase-9/Mch6 inhibitor (Z-LEHD-FMK) were pur-

chased from the BioVision (Mountain View, CA, USA). All other

chemicals were reagent grade or better.

2.2. Sample extraction

A 100-g sample of dry powdered Ficus beecheyana roots was

extracted with ethanol or water (800 mL) in a rotary shaker at

room temperature for 24 hours. The ethanolic and aqueous

extracts of the roots of Ficus beecheyana (EERFB and AERFB)

were filtered through Whatman No. 1 filter paper, dried using

a vacuum evaporator, and stored at �20�C until use.

2.3. Determination of the total phenolic content

The total phenolic contents of EERFB and AERFB were deter-

mined with Folin & Ciocalteu's phenol reagent and measured

using gallic acid as a standard [13]. Extracts (100 mL)were added

to 50% Folin & Ciocalteu's phenol reagent (100 mL). After 3 mi-

nutes, 2 mL of 2% Na2CO3 solution was added to the mixture,

which was then left to stand for 30 minutes. The absorbance

was measured at 750 nm using a FLUOstar galaxy spectro-

photometer (BMG Labtechnologies Ltd., Germany). The total

phenolic content is expressed as gallic acid equivalents (GAEs).

2.4. ORAC assay

The determination of the ORAC was performed using a

FLUOstar galaxy fluorescence plate reader (BMG Labtechnol-

ogies, Ltd., Offenburg, Germany) with a fluorescent filter

(excitation wavelength, 540 nm; emission wavelength,

565 nm). Briefly, in the final assay mixture, b-phycoerythrin

(b-PE) (16.7 nM) was used as a target of free radical (or oxidant)

attack with AAPH (40 mM) as a peroxyl radical generator.

Trolox (1 mM) was used as a standard and was prepared fresh

daily. The analyzer was programmed to record the fluores-

cence of b-PE every 5 minutes after AAPH was added. All

fluorescence measurements were expressed relative to the

initial reading. The final ORAC values were calculated using

the differences in the area under the b-PE decay curves be-

tween the blank and the extract, and are expressed as mi-

cromoles of Trolox equivalents per gram of extract.

2.5. Trolox equivalent antioxidant capacity assay

ABTS�þ was generated by the reaction of ABTS (100 mmol/L),

H2O2 (50 mmol/L), and peroxidase (4.4 U/mL). To measure the
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antioxidant activity, 0.25mL of extractwasmixedwell with an

equal volume (0.25 mL) of ABTS, H2O2, peroxidase, and 1.5 mL

of deionized water. The absorbance was measured at 734 nm

after the sample was allowed to react for 10 minutes. The

decrease in absorption at 734 nm after the addition of reactant

was used to calculate the trolox equivalent antioxidant ca-

pacity (TEAC) value. A doseeresponse curve was plotted for

Trolox, and the antioxidant activity was expressed as the

TEAC. The higher the TEAC value of a sample, the stronger the

antioxidant activity. The TEAC is expressed as micromoles of

Trolox equivalents per gram of extract.

2.6. HPLC analysis

The components of the ethanolic and aqueous extracts of the

roots of Ficus beecheyana were identified and quantified by

HPLC. EERFB and AERFB were diluted and passed through a

0.45-mm polyvinylidene difluoride (PVDF) syringe filter (Acro-

disc LCPVDF Syringe Filters, Gelman Laboratory, Ann Arbor,

MI, USA). HPLC was performed with a Hitachi liquid chroma-

tography system (Hitachi, Tokyo, Japan) consisting of a model

L-6200 pump and a model L-3000 photodiode array detector

set at 280 nm. A reverse-phase LiChrospher RP-18 column

(250� 4.6 mm I.D., 5 mm) (Merck, Darmstadt, Germany) was

used for HPLC analysis. Elution was performed at room tem-

perature with 2% (v/v) acetic acid in water as Solvent A and

0.5% acetic acid inwater and acetonitrile (50:50, v/v) as Solvent

B. The elution gradient program was as follows: 5% B to 10% B

(0e10 minutes), 10% B to 55% B (10e55 minutes), 55% B to 80%

B (55e60 minutes), 80% B to 100% B (60e65 minutes), 100% B to

50% B (65e70 minutes), 50% B to 5% B (70e80 minutes). The

flow rate was 1 mL/min. Phenolic compounds were identified

by comparison of their retention time (tR) values and UVevis

spectra with those of known standards and were quantified

using the peak areas from the chromatograms.

2.7. Cell culture

Human gastric adenocarcinoma cells (AGS cells, BCRC 60102),

human liposarcoma cells (SW 872, BCRC 60432), human

leukemic cells (HL-60, BCRC 60027), and human hepato-

blastoma cells (HepG2 cells, BCRC 60177) were obtained from

the Bioresource Collection and Research Center (BCRC, Food

Industry Research and Development Institute, Hsinchu,

Taiwan, ROC). AGS cells were cultured in Ham's F-12K me-

dium supplemented with 10% FBS and 100 U/mL pen-

icillinestreptomycin. SW 872 human liposarcoma cells were

cultured in Leibovitz's L-15 medium supplemented with 10%

fetal bovine serum and 100 U/mL penicillinestreptomycin.

HL-60 cells were cultured in Iscove's modified Dulbecco's
medium, 20% fetal bovine serum, 1.5 g/L sodium bicarbonate,

and 100 U/mL penicillinestreptomycin. HepG2 cells were

cultured in minimum essential medium, 10% fetal bovine

serum, 1.5 g/L sodium bicarbonate, 0.1 mM nonessential

amino acids, 1.0 mM sodium pyruvate, and 100 U/mL pen-

icillinestreptomycin. AGS cells, HL-60 cells, and HepG2 cells

were cultured at 37�C in a humidified 5% CO2 incubator. SW

872 cells were cultured at 37�C in a humidified atmosphere

with free gas exchange without CO2.
2.8. Cell viability determined using the MTT assay

The MTT assay was performed according to the method of

Hsu et al [14]. The human cancer cells (AGS cells, SW 872 cells,

HL-60 cells, and HepG2 cells) were plated into 96-well micro-

titer plates at a density of 1� 104 cells/well. After 24 hours, the

culture medium was replaced by 200 mL serial dilutions (0 mg/

mL, 5 mg/mL, 10 mg/mL, 25 mg/mL, 50 mg/mL, 75 mg/mL, and

100 mg/mL) of EERFB and WERFB and the cells were incubated

for 24 hours, 48 hours, and 72 hours. The final concentration of

solvent was < 0.1% in cell culture medium. Culture solutions

were removed and replaced by 90 mL culture medium. Ten

microliters sterile filtered MTT solution (5 mg/mL) in phos-

phate buffered saline (PBS, pH¼ 7.4) was added to each well

reaching a final concentration of 0.5 mg MTT/mL. Then cells

were incubated at 37�C for 2 hours. After the medium and

unreacted dye was removed, 200 mL/well of DMSO was added.

Absorbance at 570 nm of the dissolved solution wasmeasured

by a FLUOstar galaxy spectrophotometer (BMG Labtechnolo-

gies Ltd., Germany). The cell viability (%) related to control

wells containing cell culture medium without extract was

calculated by A570 nm [extract]/A570 nm [control] � 100.

2.9. Analysis of cell apoptosis by flow cytometry (PI
staining method)

HL-60 cells stimulated with 0e100 mg/mL EERFB for 24e72

hours were assayed for cell apoptosis using the PI staining

method, as previously described [15]. Briefly, cells were har-

vested using a trypsineEDTA (TE) solution (0.05% trypsin and

0.02% EDTA in PBS), washed with PBS twice and fixed in 80%

ethanol at 4�C for 30 minutes, followed by incubation with

100 mg/mL RNase for 30 minutes at 37�C. The cells were then

stained with 40 mg/mL PI for 15 minutes at room temperature

and subjected to flow cytometric analysis of the DNA content

using a FACScan flow cytometer (Becton-Dickinson Immu-

nocytometry Systems USA, San Jose, CA, USA). Approximately

10,000 events were collected for each sample. The percentages

of apoptotic cells were calculated using CELL Quest software

(Becton-Dickinson Immunocytometry Systems USA, San Jose,

CA, USA).

2.10. Annexin V-fluorescein isothiocyanate/PI double
staining assay

Annexin V-fluorescein isothiocyanate (annexin V-FITC/PI)

double staining of the cells was performed using the Annexin

V-FITC kit (ANNEX100F, SEROTEC, UK). This test is based on

the ability of Annexin V-FITC to bind to membrane phos-

pholipids (phosphatidylserine) in the presence of Ca2þ. To

detect early apoptosis, late apoptosis, and necrosis induced by

EERFB, HL-60 cells (1� 106 cells/dish) were added to each well

of a 6-cm dish and incubated for 72 hours at 37�C in 2-mL of

culture medium containing test agents at suitable concen-

trations to give final concentrations of 0 mg/mL, 10 mg/mL,

25 mg/mL, 50 mg/mL, and 100 mg/mL. Approximately 1� 105

cells were then stained for 10 minutes at room temperature

with Annexin V-FITC and PI in a Ca2þ enriched binding buffer

(Annexin V-FITC kit) and analyzed using a FACScan flow

http://dx.doi.org/10.1016/j.jfda.2017.02.002
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cytometer. The Annexin V-FITC and PI emissions were

detected using the FL 1 and FL 2 channels of a FACScan flow

cytometer with emission filters of 525 nm and 575 nm,

respectively. The Annexin V-FITC�/PI� population was

regarded as normal healthy cells, Annexin V-FITCþ/PI� cells

were considered early apoptotic cells, Annexin V-FITCþ/PIþ
cells were considered late apoptotic cells, and Annexin V-

FITC�/PIþ cells were considered necrotic cells. Approximately

10,000 eventswere collected for each sample. The percentages

of normal, early apoptotic, late apoptotic, and necrotic cells

were calculated using CELL Quest software.

2.11. Mitochondrial membrane potential assay

A mitochondrial membrane potential assay was performed

using the JC-1 mitochondrial membrane potential assay kit

(Cayman Chemical Co., Ann Arbor, MI, USA). Cells were

seeded in 6-well plates. After 24 hours, the cells were treated

with 0e100 mg/mL EERFB for 3e12 hours. The cells were

labeled with JC-1 according to the manufacturer's in-

structions. The cells were resuspended in adequate amounts

of the same solution and analyzed using FLUOstar galaxy

fluorescence plate reader with an excitation wavelength of

560 nm and an emission wavelength of 595 nm to detect red

fluorescence. Apoptotic cells generate a lower level of red

fluorescence, and the changes in the mitochondrial mem-

brane potential can most accurately be assessed by compari-

son of the level red fluorescence of the experimental cells with

that of untreated cells and cells treatedwith EERFB andAERFB.

The morphology of the cells were examined by fluorescence

microscopy (Motic AE31 invertedmicroscope with EF-INV Epi-

Fluorescence microscopy, USA).

2.12. Western blot analysis

Cells (1� 107 cells/10 cm dish) were incubated with 0e25 mg/mL

EERFB for 3 hours or 6 hours. The cells were collected and lysed

in ice-cold lysis buffer [20 mM Tris-HCl (pH 7.4), 2 mM EDTA,

500 mM sodium orthovanadate, 1% Triton X-100, 0.1% SDS,

10 mM NaF, 10 mg/mL leupeptin, and 1 mM PMSF]. The p53, Fas,

FasL, Bax, Bcl-2, Bak, Bad, tBid, caspase-8, caspase-9, caspase-3,

PARP, and b-actin proteins were assessed in HL-60 cells. The

protein concentrations of the extracts were estimated with the

Bio-Rad DC protein assay (Bio-Rad Laboratories, Hercules, CA,

USA) using bovine serum albumin as the standard. Total pro-

teins (50e60 mg) were separated by sodium dodecyl sulfa-

teepolyacrylamide gel electrophoresis (SDSePAGE) using a 12%

polyacrylamide gel. The proteins in the gel were transferred to a

PVDF membrane. The membrane was blocked with 5% skim

milk in PBST (0.05% v/v Tween-20 in PBS, pH 7.2) for 1 hour.

Membranes were incubated with primary antibody at 4�C
overnight and then with secondary antibody for 1 hour. Mem-

braneswerewashed three times in PBST for 10minutes between

each step. The signal was detected using enhanced chem-

iluminescence (ECL; Perkin Elmer Life Science, Boston,MA,USA).

2.13. Statistical analysis

Each experimentwas performed in triplicate. The results were

expressed as the mean± standard deviation (SD). Statistical
analysis was performed using SAS software. Analysis of

variance was performed using analysis of variance (ANOVA)

procedures. Significant differences (p< 0.05) between the

means were determined by Duncan's multiple range tests.
3. Results

3.1. Determination of antioxidant activities and phenolic
contents of EERFB and AERFB

Dry powders of Ficus beecheyana roots were extracted with

ethanol and water using a rotary shaker at room temperature

for 24 hours. The ethanolic and aqueous extractswere filtered,

dried, and diluted. The yields of EERFB and AERFB were 0.92%

and 4.42%, respectively (data not shown). Figure 1 shows the

total phenolic content, the antioxidant activity, and the con-

tents of specific phenolic compounds of EERFB andAERFB. The

total phenolic contents of EERFB and AERFB were 45.7 mg/g

and 28.4 mg/g extract, respectively. The antioxidant activities

of EERFB and AERFB were evaluated using the ORAC and TEAC

assays. The data indicate that EERFB had higher ORAC and

TEAC values than AERFB. The ORAC values (Trolox equiv, mM/

g extract) of EERFB and AERFBwere 45.0 and 33.3, respectively.

The TEAC values (Trolox equiv, mM/g extract) of EERFB and

AERFB were 38.9 and 17.3, respectively.

HPLC analysis was performed to identify the phenolic

compounds in EERFB and AERFB. Figure 1 presents the HPLC

chromatograms of the phenolic standards, EERFB and AERFB.

The major phenolic compounds in EERFB and AERFB were

identified and included gallic acid, protocatechuic acid (only

AERFB), p-hydroxybenzoic acid, caffeic acid, chlorogenic acid,

epicatechin (only EERFB), p-coumaric acid, and rutin. EERFB

had higher contents of p-hydroxybenzoic acid, caffeic acid,

epicatechin, and p-coumaric acid than AERFB, and the con-

tents were 0.5 mg/g, 6.6 mg/g, 8.1 mg/g, and 2.7 mg/g extract,

respectively. AERFB had higher contents of gallic acid, proto-

catechuic acid and rutin than EERFB, and the contents were

18.4 mg/g, 0.6 mg/g, and 1.3 mg/g extract, respectively.

3.2. Effects of EERFB and AERFB on cell viability, cell
apoptosis, and the mitochondrial membrane potential

Figures 2AeD presents data on the effects of EERFB and AERFB

on the viability of human cancer cells (AGS cells, SW 872 cells,

HL-60 cells, and HepG2 cells). The results were obtained with

the MTT assay, and the cell viability is expressed as the mean

percentage of viable cells relative to untreated cells (taken as

100% viable) at different concentrations of EERFB and AERFB.

The results indicate that EERFB had a greater inhibitory effect

on human cancer cell growth than AERFB. We also demon-

strated that EERFB had a stronger growth inhibitory effect on

HL-60 cells. Therefore, EERFB was selected as the sample for

the following experiments.

The inhibition of cell growth might be the result of cyto-

toxic effects or cell cycle arrest. The results of the present

study indicate that EERFB had the strongest inhibitory effect

on HL-60 cell growth. However, EERFB did not affect the cell

cycle profile (data not shown). To quantify the degree of

apoptosis, the amount of sub-G1 DNA was analyzed by flow

http://dx.doi.org/10.1016/j.jfda.2017.02.002
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Figure 1 e Total phenolic contents, antioxidant activities, and contents of individual phenolic compounds of the ethanolic

and aqueous extracts of the roots of Ficus beecheyana. Peak identification: (1) gallic acid; (2) protocatechuic acid; (3) p-

hydroxybenzoic acid; (4) caffeic acid; (5) vanillic acid; (6) chlorogenic acid; (7) epicatechin; (8) p-coumaric acid; (9) ferulic acid;

(10) sinapinic acid; (11) rutin; and (12) salicylic acid. * The reported values are the means± SD (n¼ 3). ** Not detected.

AERFB¼ aqueous extract of the roots of Ficus beecheyana; EERFB¼ ethanolic extract of the roots of Ficus beecheyana;

ORAC¼ oxygen radical absorbance capacity; SD¼ standard deviation; TEAC¼Trolox equivalent antioxidant capacity.
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cytometry. The effects of EERFB on the induction of apoptosis

in HL-60 cells are shown in Figure 2E. The data indicate that

the addition of EERFB to HL-60 cells resulted in a marked in-

crease in the accumulation of sub-G1 phase cells (apoptotic

cells) in a time- and dose-dependent manner.

To determine the mode of cell death (apoptosis or ne-

crosis) induced by EERFB, HL-60 cells were treated with

EERFB for 72 hours, stained with Annexin V-FITC and PI,

and analyzed by flow cytometry. The Annexin V-FITC

binding analysis was performed to identify apoptotic cells.

PI staining was performed to exclude necrotic cells. Anal-

ysis of the cell population revealed the presence of different

populations; Annexin V-FITC�/PI� cells were considered

normal, Annexin V-FITCþ/PI� cells were considered early

apoptotic cells, Annexin V-FITCþ/PIþ cells were considered

late apoptotic cells, and Annexin V-FITC�/PIþ cells were

considered necrotic cells. The levels of apoptosis and ne-

crosis induced by EERFB in HL-60 cells are shown in

Figure 3A. When the treatment concentrations (0e100 mg/

mL) were increased, the percentage of normal cells

decreased from 99.8% (control) to 50.1% (100 mg/mL). The

percentage of early apoptotic cells increased from 0.1%

(control) to 49.5% (100 mg/mL). However, EERFB did not

affect the level of necrosis of HL-60 cells. HL-60 cells

exhibited a significant decrease in red fluorescence in-

tensity when treated with 0e100 mM EERFB for 3e12 hours
(Figure 3B). These data also indicate that EERFB induced a

loss of mitochondrial membrane potential in HL-60 cells.

3.3. EERFB induces apoptosis via a Fas- and
mitochondrial-mediated pathway

Figure 4 shows the effect of EERFB on the protein levels of Fas,

Fas-L, p53, Bcl-2 family members, caspase-8, caspase-9,

caspase-3, and PARP in HL-60 human leukemic cells. The

protein levels of Fas, FasL, p53, Bax, Bak, tBid, and caspase-8

increased in a time- and dose-dependent manner in HL-60

cells. The protein level of Bcl-2 decreased in a time- and

dose-dependent manner in HL-60 cells. EERFB stimulated the

expression of Fas, FasL, and Bak, with maximal increases of

7.01-, 7.25-, and 2.10-fold, respectively, after treatment with

10 mg/mL EERFB for 6 hours. EERFB (25 mg/mL, 6 hours) resulted

in a significant increase in the relative expression levels of p53,

Bax, and caspase-8 from 1.00 (control) to 1.58, 1.71, and 3.63,

respectively. The protein levels of Bad, caspase-9, caspase-3,

and cleaved PARP in cells treated with EERFB for 3 hours were

higher than those of cells treated with EERFB for 6 hours. As

shown in Figure 5A, the treatment of HL-60 cells with EERFB

caused a significant time- and dose-dependent increase in the

caspase-3 and caspase-9 activities. Our data also indicate that

EERFB induced the apoptosis of HL-60 cells via a Fas-

and mitochondria-dependent pathway. A caspase-3/CPP32

http://dx.doi.org/10.1016/j.jfda.2017.02.002
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Figure 2 e Effects of EERFB and AERFB on cell viability and the induction of cell apoptosis in human cancer cells. (A) AGS

human gastric adenocarcinoma cells; (B) SW 872 human liposarcoma cells; (C) HL-60 human leukemic cells; (D) HepG2

human hepatoblastoma cells; (E) induction of cell apoptosis in HL-60 human leukemic cells (PI staining). Cells were treated

with 0e100 mg/mL EERFB or AERFB for 24e72 hours. The cell morphological changes and percentage of apoptotic cells were

analyzed by PI staining. The reported values are themeans± SD (n¼ 3). *p< 0.05 is significantly different compared with the

control. AERFB¼ aqueous extract of the roots of Ficus beecheyana; EERFB¼ ethanolic extract of the roots of Ficus beecheyana.
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Figure 3 e Effects of EERFB on the induction of cell apoptosis (A) and the loss of mitochondrial membrane potential (B) in HL-

60 human leukemic cells. Cells were treated with 0e100 mg/mL EERFB for 72 hours. Arrowheads indicate condensed

chromatin. The levels of apoptosis and necrosis were analyzed by Annexin V-FITC/PI double staining. Cells were treated

with 0e100 mg/mL EERFB for 72 hours. The mitochondrial membrane potential was analyzed by JC-1 staining. Cells were

treated with 0e100 mg/mL EERFB for 3e12 hours. The reported values are the means± SD (n¼ 3). * p< 0.05 is significantly

different compared with the control. EERFB¼ ethanolic extract of the roots of Ficus beecheyana; SD¼ standard deviation;

V-FITC¼V-fluorescein isothiocyanate.
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Figure 4 e Effect of EERFB on the protein levels of Fas, Fas-L, p53, Bcl-2 family members, caspase-8, caspase-9, caspase-3,

and poly (ADP-ribose) polymerase (PARP) in HL-60 human leukemic cells. Cells were treated with 0e25 mg/mL EERFB for 3

hours and 6 hours. The relative protein expression levels were quantified densitometrically using LabWorks 4.5 software

and were calculated based on the b-actin reference bands. EERFB¼ ethanolic extract of the roots of Ficus beecheyana.
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inhibitor (Z-DEVD-FMK) and a caspase-9/Mch6 inhibitor (Z-

LEHD-FMK) were used to block intracellular proteases, and

then, the decrease in cell viability induced by EERFB was

analyzed using the MTT assay. The results shown in Figure 5B

indicate that the caspase-3 and caspase-9 inhibitors signifi-

cantly reduced the decrease in cell viability caused by EERFB in

HL-60 cells. Our data indicate that the death receptor signaling

pathway might be involved in this process.
3.4. Effect of phenolic compounds from EERFB and
AERFB on cell viability

The analytical plot of the phenolic compounds in EERFB and

AERFB is shown in Figure 1. Themajor phenolic compounds in

EERFB and AERFB were gallic acid, protocatechuic acid (only

AERFB), p-hydroxybenzoic acid, caffeic acid, chlorogenic acid,

epicatechin (only EERFB), p-coumaric acid, and rutin.

http://dx.doi.org/10.1016/j.jfda.2017.02.002
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Figure 5 e Effects of EERFB on the activities of caspase-3

and caspase-9 (A), and the suppression of cell death by

caspase-3 and caspase-9 inhibitors (B) in HL-60 human

leukemic cells. Cells were pretreated with 25 mM caspase-3

(Z-DEVD-FMK) and caspase-9 (Z-LEHD-FMK) inhibitors for 3

hours and then treated with 100 mg/mL EERFB for 24 hours.

The results are the mean± SD of three experiments

performed in duplicate. *p< 0.05 is significantly different

compared with the control. #p< 0.05 compared with EERFB

alone. EERFB¼ ethanolic extract of the roots of Ficus

beecheyana; SD¼ standard deviation; Z-DEVD-

FMK¼ caspase-3/CPP32 inhibitor; Z-LEHD-FMK¼ caspase-

9/Mch6 inhibitor.

Figure 6 e Effect of phenolic compounds in EERFB and

AERFB on the viability of HL-60 human leukemic cells. Cells

were treated with 0e250 mM phenolic compounds for 72

hours. The reported values are the means± SD (n¼ 3).

* p< 0.05 is significantly different compared with the

control. AERFB¼ aqueous extract of the roots of Ficus

beecheyana; EERFB¼ ethanolic extract of the roots of Ficus

beecheyana; SD¼ standard deviation.
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Therefore, to determine the roles of the active phenolic

compounds from EERFB and AERFB in the observed anticancer

activities, the effects of individual phenolic compounds on the

growth of HL-60 cells were compared. As shown in Figure 6,

the decrease in cell viability induced by the phenolics in the

order of rutin> gallic acid> caffeic acid> p-hydroxybenzoic

acid> chlorogenic acid> protocatechuic acid> epicatechin >
p-coumaric acid.
4. Discussion

In traditional medicine, the rhizomes of Ficus beecheyana have

been used as an herbal remedy to treat diabetes and rheu-

matism [5]. Solvent extraction is the most common method

used in sample preparation from plants. The analysis of the
phytochemicals in the solvent extracts of the roots of Ficus

beecheyana has not been performed previously, neither has the

anticancer effects of these extracts has been investigated.

Therefore, our studies focused on the antioxidant and anti-

cancer activities of the extracts of the roots of Ficus beecheyana

in human cancer cells. Phenolic compounds are plant sec-

ondary metabolites and are important determinants of the

sensory and nutritional quality of fruits and vegetables [16].

It has been proposed that the procedures and applications

for three assays, the total phenolic content, ORAC and TEAC

assays, be considered for standardization [17]. In the present

study, the total phenolic, ORAC, and TEAC assayswere used to

evaluate the antioxidant activity of EERFB and AERFB. As

shown in Figure 1, there was a higher total phenolic content in

EERFB (45.7 mg/g extract). The ORAC assay is one of the

methods used to evaluate the antioxidant capacity of various

biological substrates, ranging from pure compounds such as

flavonoids to complexmatrices such as vegetables and animal

tissues [18]. Our data indicate that EERFB had a higher total

phenolic content and higher ORAC and TEAC values than

AERFB.

Liquideliquid extraction and column chromatography

using different solvents play important roles in the isolation

and purification of phenolic compounds [19]. The phenolic

compounds in EERFB and AERFB were identified by comparing

their relative retention times and UV spectra with those of

authentic compounds. Our study indicated that the major

phenolic compounds in EERFB and AERFB were gallic acid,

protocatechuic acid (only AERFB), p-hydroxybenzoic acid,

caffeic acid, chlorogenic acid, epicatechin (only EERFB), p-

coumaric acid, and rutin (Figure 1). These results demonstrate

that the antioxidant activities of EERFB and AERFB were likely

due to the phenolic compounds present in these extracts.
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Previous studies have shown that phenolic compounds have

pharmacological properties, such as antioxidant, antith-

rombosis, antiinflammatory, anti-HIV-1, and anticancer ac-

tivities [3,4,20e22].

TheMTT assay is a well-establishedmethod used to assess

mitochondrial integrity [23]. Our present data indicate that

EERFB and AERFB significantly decreased the viability of

various cancer cells (Figures 2AeD). These results also

demonstrate that EERFB was a stronger inhibitor of cell

growth and inducer of apoptosis in HL-60 cells (Figures 2E and

3A). Many studies have indicated that polyphenols affect cell

functions such as growth, differentiation, and apoptosis

[24,25]. Changes in membrane phosphatidylserine play an

important role in collapse of the mitochondrial membrane

potential [26]. Our data indicate that the treatment of HL-60

cells with EERFB decreased the mitochondrial membrane po-

tential (Figure 3B).

Apoptosis can be activated through two major pathways,

the mitochondria-dependent pathway and the death

receptor-dependent pathway. In themitochondria-dependent

signaling pathway, the Bcl-2 family plays an important role in

proapoptosis and antiapoptosis signaling. This family in-

cludes both proapoptotic members (Bax, Bad, and Bak) and

antiapoptotic members (Bcl-2) [27]. Our data indicated that

EERFB stimulated an increase in the protein levels of Bax, Bak,

and Bad, and a decrease in the protein level of Bcl-2 (Figure 4).

The regulation of the expression of Bcl-2 family members on

the mitochondria is followed by caspase-3 and caspase-9

activation and the cleavage of PARP [28]. The treatment of

HL-60 cells with EERFB increased the protein levels of caspase-

8, caspase-9, caspase-3, and cleaved PARP and the levels of

caspase-9 and caspase-3 activity. (Figures 4 and 5A). Our data

also indicate that caspase-9 and caspase-3 inhibitors signifi-

cantly reduced the reduction in cell viability caused by EERFB

in HL-60 cells (Figure 5B). These data suggest that apoptosis

induced by EERFB also involves caspase-9- and caspase-3-

mediated mechanisms. Moreover, we demonstrated that

rutin, gallic acid, and caffeic acid from EERFB have stronger

inhibitory effects on human cancer cell growth than other

phenolic compounds (Figure 6). Many phenolic compounds

such as quercetin, caffeic acid, and rutin show selective

cytotoxicity against HL-60 cells with a high activity [29].

In conclusion, the results obtained in the present study

indicate that EERFB has potential antioxidant properties that

are associated with its chemical composition and can be

expressed by the ORAC and TEAC. Our study also demon-

strated that EERFB was a better inhibitor of cell growth and

inducer of apoptosis in HL-60 cells, and these effects may be

related to its the phenolic compounds contained in this

extract, especially rutin, gallic acid, and caffeic acid. Further-

more, the results of the present study indicate that EERFB

induced apoptosis in HL-60 human leukemic cells via a Fas-

and mitochondria-dependent pathway.
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