
INTRODUCTION

In addition to the protective effects of endogenous anti-

oxidants, the consumption of dietary antioxidants appears to

be of great importance in preventing chronic diseases that have

a close relationship with the oxidative damage1. Phenolic com-

pounds are a large class of bioactive secondary metabolites, which

are widely distributed in fruits and vegetables, represent the most

abundant antioxidants in the diet2. Many scientists have focused

their attentions on phenolic compounds to study the antioxidant

activity. In recent years, much attention has also been paid to

potential anticancer components from natural products. Epide-

miological studies have indicated that ingestion of phenolic com-

pounds could reduce the risk of certain cancers3. Therefore, as

development activity increases in this area, it is not surprising

that phenolic compounds have gained tremendous interest.

Paper mulberry, which scientific name is Broussonetia

papyrifera L., belongs to the family of Moraceae, is a decidu-

ous tree or shrub, which grows naturally in Pacific countries

such as China, Burma, Polynesia and USA. Fruit of paper

mulberry is edible and is a good source of sugars, acids and

phenolic compounds. The fruit is used for treatment of impo-

tence and ophthalmic disorders in Chinese folk remedy4. How-

ever, studies of phenolic compounds from paper mulberry fruit

have been rarely reported.

The objective of this study was to investigate the in vitro

antioxidant activity of paper mulberry fruit extract and its cyto-

toxicity to human osteosarcoma MG63 cells.
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EXPERIMENTAL

Fresh fruits of paper mulberry were collected from Beilin

district of Xi'an, China during July 2011 and identified at the

School of Life Sciences, Northwestern Polytechnical Univer-

sity, Xi'an, China. A voucher specimen is preserved in the same

place.

Preparation of paper mulberry fruit extract: Paper

mulberry fruits (50 g) were immersed in 1.75 L of 80 %

ethanol at 40 ºC for 2 h. The extract was filtered through filter

paper and then evaporated at 40 ºC in rotary evaporator

(EYELA, N1001, Japan) to obtain concentrated solution.

Subsequently, the concentrated solution was purified by passing

through a 2 g sorbent weight C18 solid phase extraction (SPE)

cartridge (AGELA, China), previously activated with methanol

followed by deionized water. Washing the SPE cartridge with

10 mL of deionized water and ethyl acetate in sequence, then

the extract was eluted with methanol. The methanol solution

was dried by rotary evaporator at 40 ºC. The dry extract was

resuspended in deionized water and lyophilized in a lyophilizer

(CHRIST, Alpha 1-2, Germany) to obtain lyophilized paper

mulberry fruit extract. The extract was placed in a plastic bottle

and stored at room temperature.

Determination of total phenolic content: Total phenolic

content was determined using the Folin-Ciocalteu method5.

To a 10 mL volumetric flask, 0.1 mL of 3.2 mg mL-1 sample

solution, 1.5 mL of 1 mol L-1 Folin-Ciocalteu reagent, 2 mL

of 12.5 % sodium carbonate solution and 6.4 mL deionized
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water were added and then mixed. The absorbance was

measured at 765 nm with a UV-visible spectrophotometer

(HITACHI, F2300, Japan) after the mixture was incubated for

2 h at room temperature. Total phenolic content was calcu-

lated as gallic acid equivalent (GAE) based on the standard

curve of gallic acid. The data were expressed as milligram

GAE g-1 of lyophilized paper mulberry fruit extract.

Measurement of reducing power: Reducing power was

determined as described by Oyaizu6, but modified slightly.

1 mL of sample solution at different concentrations, 2.5 mL

of 0.2 mol L-1 phosphate buffer, pH 6.6 and 2.5 mL of 1 %

potassium ferricyanide were added to a glass tube. The mixture

was mixed well and incubated at 50 ºC for 20 min. Subse-

quently, 2.5 mL of 10 % trichloroacetic acid was added to the

mixture and then centrifuged at 6000 rpm for 10 min. 2.5 mL

of the supernatant was taken and mixed with 2.5 mL deionized

water and 0.5 mL of 0.1 % ferric chloride. After 10 min, the

absorbance was measured at 700 nm by spectrophotometer.

Ascorbic acid was used as positive control. High absorbance

of the reaction mixture indicates high reducing power.

DPPH radical scavenging activity: DPPH free radical

scavenging activity was determined according to the method

of Shimada et al.7. 0.1 mL of sample solution at different

concentrations and 0.2 mL of 25 µmol L-1 DPPH ethanol

solution were mixed and stand for 20 min in the dark at room

temperature. The absorbance was then measured at 517 nm

by spectrophotometer. Ascorbic acid was used as positive

control. The free radical scavenging activity was calculated as

inhibition of DPPH radical as follows:
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Cell line and culture: Human osteosarcoma cell line

(MG63) was purchased from China Centre for Type Culture

Collection, Chinese Academy of Sciences. MG63 cells were

cultured in MEM medium (pH 7.4), supplemented with 100

U mL-1 penicillin, 100 µg mL-1 streptomycin, 2 mmol L-1 L-

glutamine and 10 % heat inactivated fetal bovine serum. Cells

were maintained at 37 ºC in a humidified 5 % CO2 incubator.

Cell viability assay: The viability of the cells was assessed

by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra zolium

bromide (MTT) assay according to the method described by

Prasad et al.8. MG63 cells were collected, 1 × 105 cells mL-1

were added into 96-well plates in 100 µL volumes and

cultured overnight. Then different concentrations of the

extract were added separately with 100 µL and the cells were

incubated for 24 and 48 h followed by remove of medium.

Subsequently, 200 µL MEM medium and 20 µL of 5 mg mL-1

MTT reagent were added. After incubating at 37 ºC for 4 h,

the medium was removed and 150 µL DMSO was added to

each well. Cell proliferation was estimated by measuring the

absorbance at 570 nm using an ELISA plate reader. The inhibi-

tion of cell proliferation was calculated using the following

formula:
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Hoechst 33258 staining: MG63 cells were stained with

Hoechst 33258 as the method of Liu et al.9. In brief, MG63

cells were seeded in 24-well plates with 1 mL of 1 × 105 cells

mL-1 and cultured overnight. The cells were then treated with

different concentrations of the extract for 24 h. After removing

the medium, the cells were fixed with methanol/glacial acetic

acid (3/1, v/v) for 10 min and washed twice with PBS. Finally,

the cells were stained with Hoechst 33258 for 5 min. A fluore-

scence microscope (NIKON, 80i, Japan) was used to observe

the Hoechst 33258 staining MG63 cells.

Flow cytometry analysis: MG63 cells treated with the

extract were analyzed by flow cytometry as described by Peng

et al.10. Briefly, MG63 cells were harvested by centrifugation

at the density of 1 × 106 cells mL-1 after treated with the extract

for 24 h and washed with cool PBS by twice. After that, cells

were treated with 25 µg mL-1 RNase A at 37 ºC for 0.5 h and

stained with 50 µg mL-1 propidium iodide solution for 0.5 h in

the dark. Flow cytometer (BD, FACSCalibur, USA) was used

to measure the fluorescence intensity of individual cells.

Statistical analysis: Results were expressed as the mean

± SD of three independent experiments. Analysis of variance

was performed using One-way ANOVA procedures (Prism 5,

GraphPad Software, USA). A value of p < 0.05 was regarded

as being significant. The IC50 value was defined as the concen-

tration of the sample that reduces the effect by half and was

calculated by regression analysis.

RESULTS AND DISCUSSION

Ethanol extract of paper mulberry fruit: The fruits were

extracted with 80 % ethanol and the extract was purified by

washing with deionized water and ethyl acetate. The extract

comprised 7 phenolic compounds, which were (7R*,8S*,8'R*)-

7'',8''-erythro-3'-methoxy-7'-oxo-4,4'',7'',9,9''-pentahydroxy-

4',8'':7,9'-bis-epoxy-8,8'-sesquineolignan, 2-(4-hydroxyphenyl)-

propane-1,3-diol-1-O-β-D-glucopyranoside, arbutine, cis-

syringin, cis-coniferin, curculigoside I and curculigoside C11

and presented 148.79 ± 0.91 mg GAE g-1 lyophilized extract

total phenols. Some scientists investigated the extracts from

different parts of paper mulberry12,13, but there are few reports

about the ethanol extract from the fruit. The total phenolic

content of the extract was much higher than that of ethanol

extract from mulberry fruits at 0.959-2.57 mg GAE g-1 dry

sample14 and ethanol extract of blackberry at 12.00-25.78 mg

GAE g-1 dry sample15.

Phenolic compounds from medicinal herbs and dietary

plants possess bioactivities and play an important role in pre-

vention of cancer. They have complementary and overlapping

mechanisms of action, including antioxidant activity, scaven-

ging free radicals, modulation of carcinogen metabolism and

inducing apoptosis and cell-cycle arrest of tumor cells16.

Reducing power of the extract: The extract donated the

electrons and the Fe3+ was reduced to Fe2+ (Fig. 1). The reduc-

ing power of the extract was concentration-dependent and

increased to 1.07 at 266.67 µg mL-1. Some phenolic compounds

extracted from other plant also showed reducing power, which

increased with increasing amount of samples17. According to

the result, it is suggested that the extract had the ability of

donating electrons to react with free radicals to convert them

into more stable species and to terminate the free radical chain

reactions.
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Fig. 1. Reducing power of paper mulberry fruit extract. Data is expressed

as mean ± SD (n = 3). Values in different groups are significantly

different from control, p < 0.05. (∆) paper mulberry fruit extract;

( ) ascorbic acid

DPPH radical scavenging activity: The DPPH radical

does not exist in the body, but it is widely used to evaluate the

free radical scavenging effect of natural extracts or synthetic

compounds18. In this assay, the extract scavenged DPPH radicals

effectively with dose-dependent manner (Fig. 2). At final concen-

tration of 533 µg mL-1, the scavenging ability of the extract

was 90.54 ± 1.71 %. The IC50 value of the extract was 156.3

µg mL-1, which was lower than that of ethanol extract from

mulberry fruit of five cultivars at 349, 180.7, 330.3, 244.3 and

430.1 µg mL-1, respectively14. DPPH free radical is very stable

and thus implies that the extract will react with other more

reactive free radicals19.
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Fig. 2. Scavenging activity of paper mulberry fruit extract on DPPH radical.

Data is expressed as mean ± SD (n = 3). Values in different groups

are significantly different from control, p < 0.05. (∆) paper mulberry

fruit extract; ( ) ascorbic acid

The results of this work indicate that the extract acts as an

antioxidant and it could be attributed to the phenolic consti-

tuents. Phenolics possess one or more aromatic rings bearing

one or more hydroxyl groups. In general, the phenolic OH is

considered the primary factor for the antioxidant activity. The

interreaction between antioxidants and free radicals is important

in maintaining health and preventing the onset and progre-

ssion of several chronic diseases such as cancer16,20.

Anticancer activity of the extract: We evaluated the

effect of the extract on MG63 cells proliferation using MTT

assay. Fig. 3 shows that the extract inhibited MG63 cells proli-

feration significantly in a time and dose dependent manner (p

< 0.05). The inhibition of 24 and 48 h group increased rapidly

during the concentration of 0-1600 µg mL-1 and reached the

maximum at 3200 µg mL-1. In 24 h group, the extract of 200-

3200 µg mL-1 inhibited proliferation from 5.68 ± 1.43-95.79

± 1.85 % and showed slightly weaker effect with higher IC50

value (1101 µg mL-1) than that of 48 h group (924 µg mL-1). Li

et al.21 reported that ginsenoside Rg1, cinnamic acid and

tanshinone IIA showed anticancer effect on MG63 cells with

down-regulation of nucleophosmin. Thus, in order to evaluate

the cause of the cytotoxicity, the effect on the induction of

apoptotic cell death and the distribution of cell cycle were

investigated.
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Fig. 3. Cytotoxicity induced by paper mulberry fruit extract. Data is

expressed as mean ± SD (n = 6) from one of three different

experiments. Values of samples in two groups are significantly

different from control, p < 0.05. (∆) 24 h group; ( ) 48 h group

The cells treated with the extract showed significant

morphological apoptotic changes. Compared to control cells

(Fig. 4A), cell nucleus that were treated with the extract were

shrunken and some cell nucleus divided to irregular fragments.

The typical apoptotic features of condensed chromatin and

fragmented punctate blue nuclear fluorescence were seen in

extract-treated cells (Fig. 4B-D).

As shown in Fig. 5, the percentages of MG63 cells at G0/

G1 phase were 50.76 ± 2.98 % (0 µg mL-1, control group),

59.27 ± 1.53 % (400 µg mL-1), 68.61 ± 0.79 % (800 µg mL-1)

and 79.62 ± 1.25 % (1600 µg mL-1), respectively. Compared

to control group, the percentage of extract-treated MG63 cells

at G0/G1 phase increased significantly (p < 0.05). Thus, cyto-

toxic effect of the extract on MG63 cells was partly due to the

cell cycle arrest at G0/G1 phase. It is well known that cyclin

dependent kinases (CDKs) and cyclins are major molecules
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Fig. 4. Morphological changes of MG63 cells treated with paper mulberry

fruit extract for 24 h by Hoechst 33258 staining. Control cells (A)

and cells treated with 400, 800 and 1600 µg mL-1 of the extract (B,

C and D) were observed under fluorescence microscope. Bar, 50

µm
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Fig. 5. Flow cytometry analysis of cell cycle distribution of MG63 cells

treated with paper mulberry fruit extract for 24 h. Data is expressed

as mean ± SD (n = 3). *p < 0.05 versus control group (0 µg mL-1)

required for proper cell cycle events22. Among the CDKs that

regulate the cell cycle, CDK2, CDK4 and CDK6 are activated

in association with D-type cyclins or cyclin E during the

progression of G0/G123. Thus, the extract should affect the

expressions of these CDKs and D-type cyclins to the same

extent as the plant-derived anticancer agents.

Inhibition of proliferation, morphological apoptotic

changes and cell-cycle arrest indicated the cytotoxicity of the

extract to Human osteosarcoma MG63 cells. This is the first

report about the anticancer activity of the extract and this

activity may due to the antioxidant property of the extract.

Osteosarcoma is the most common primary bone cancer and

the incidence rates for all races and both sexes are 4 for the

range 0-14 years and 5 for the range 0-19 years per year per

million persons in the USA24. The main methods of treatment

for osteosarcoma are chemotherapy and surgery, but the

recurrence rate is very high25. Therefore, a new alternative agent

for the prevention and treatment of osteosarcoma is need. In

this work, the extract seems to be a potential compound for

antineoplastic drug development.

Conclusion

The ethanolic extract from paper mulberry fruit exhibited

potent antioxidant and anticancer activities. These findings

suggest that there may be a potential to use the extract to

enhance nutrition of food or develop it to antineoplastic drug.
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