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Abstract Polygonum cuspidatum is widely used as a

medicinal herb in Asia. In this study, ethanol and ethyl

acetate extracts of P. cuspidatum root were assayed for

their 1,1-diphenyl-2-hydrazyl (DPPH) and hydroxyl free

radical scavenging activities, total phenolics content, pro-

tective effect against DNA damage, and antiproliferative

activity on human lung cancer cells. The ethanol and ethyl

acetate (lipophilic phase) extracts of P. cuspidatum had

significant scavenging effects on DPPH and hydroxyl

radicals. Total phenolics content of ethanol and ethyl

acetate (lipophilic phase) extracts of P. cuspidatum were

276.78 ± 39.31 and 231.73 ± 5.04 mg/ml, respectively;

both extracts protected against hydroxyl radical-induced

DNA strand scission. Furthermore, the extracts of P. cus-

pidatum induced apoptosis and inhibited cell growth in

A549 and H1650 cell lines, suggesting that P. cuspidatum

root extracts exhibit an antiproliferative effect on human

lung cancer cells.
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Introduction

Polygonum cuspidatum Sieb. et Zucc is a medicinally

important plant due to the presence of anthraquinone

derivatives occurring in the subterranean parts of the plant,

and is widely used for treatment of various inflammatory

diseases, hepatitis, tumors, and diarrhea [1]. Several

active compounds of P. cuspidatum have been identified,

including resveratrol, emodin, 2-methoxy-6-acetyl-7-

methyljuglone, polygonin, emodin monoethyl ether, chry-

sophanol, reynoutrin, avicularin, and hyperin [2–4].

Previous research showed that resveratrol had antitumor

activity [2, 5, 6] and emodin possessed antibacterial

activities [7, 8]. P. cuspidatum extracts have been reported

to inhibit bacterial DNA primase [9], and inhibit acyl-

coenzyme A–cholesterol acyltransferase activity [10]. Its

ethanol extract also had antiviral activity against hepatitis

B virus [7]. In addition, P. cuspidatum has been reported to

contain a large number of flavonoids, frequently found as

glucosides and other constituents, including phenethyl

alcohols, sterols, essential oils, and amino acids. The

phenolic compounds exhibit a wide range of biological and

physiological properties due to their ability to act as anti-

oxidants, free radical scavengers, and chelators of divalent

cations [11, 12].

Reactive oxygen species (ROS) are various forms of

activated oxygen, which include hydroxyl radical, super-

oxide radical, and hydrogen peroxide. ROS and free radi-

cals produced by ultraviolet light (UV), ionizing radiation,

chemical reactions, and metabolic processes have numer-

ous pathological effects, such as aging, cancer, coronary

heart disease, and Alzheimer’s disease [13, 14]. ROS have

also been shown to play an important role in carcinogenesis

by damaging DNA and potentially leading to mutation [15,

16]. Several anti-inflammatory, antiulcerogenic, antine-

crotic, neuroprotective, and hepatoprotective drugs have

antioxidant activity [17]. The use of traditional medicine is

widespread and plants provide a large source of natural

antioxidants that might serve as leads for the development

of novel drugs. Therefore, investigations of natural
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antioxidants and bioactive compounds for preservation of

traditional medicines and use in treating certain human

diseases have received much attention.

The main objectives of the present study were to

determine the free radical scavenging and antioxidant

activities of root extracts of P. cuspidatum. In addition, we

tested the effect of the ethanol extract of P. cuspidatum on

cell viability and morphology because it was unknown

whether P. cuspidatum had antiproliferative potential on

human lung cancer cells.

Materials and methods

Preparation of P. cuspidatum extracts

Root of P. cuspidatum was purchased from a traditional

Chinese medicines store in Tainan, Taiwan. A voucher

specimen (NCYU-RSC-0901) was deposited at the

Department of Biochemical Science and Technology,

National Chiayi University, Taiwan. As plants were grown

for 2 months, fresh roots and rhizomes were gathered for

extraction. Commercialized root powder of P. cuspidatum

was purchased from Yi De Co., Taiwan.

Ethanol (EtOH) extract

Dried, crushed root of P. cuspidatum (1 g) was extracted in

150 ml of ethanol for 1 h with shaking. The solution was

filtered and concentrated in the rotary vacuum evaporator

(Eyela N-1000, Tokyo Rikakikai Co.), and then lyophi-

lized. The extract was stored at -20�C until use.

Ethyl acetate (EtOAc) extract

Root powder of P. cuspidatum (1 g) was extracted with

2 ml 50 mM Na-phosphate buffer (pH 7.5) and 5 ml ethyl

acetate for 1 h with shaking. The extract was then centri-

fuged at 6000 rpm for 10 min. The aqueous and organic

phases were collected as hydrophilic and lipophilic phase

extracts, respectively. The hydrophilic phase was lyophi-

lized and then resuspended in doubly distilled H2O. The

lipophilic extract was evaporated to dryness in the rotary

vacuum evaporator, and dissolved in 50% ethanol. The

extracts were stored at -20�C until use.

1,1-Diphenyl-2-hydrazyl (DPPH) assay

A 50-ll aliquot of 1 mM solution of DPPH in ethanol was

mixed with 150 ll of P. cuspidatum extract solution, and

incubated at room temperature for 30 min. Reduction of

DPPH free radicals was determined by measuring the

absorbance at 517 nm. L-Ascorbic acid was used as a

positive control. The inhibition ratio (percentage) was

calculated from the following equation: % of inhibi-

tion = [(absorbance of control - absorbance of test sam-

ple)/absorbance of control] 9 100% [18].

Hydroxyl radical scavenging activities by electron

spin resonance (ESR) spectrometry

Hydroxyl radicals were generated by the Fenton

reaction (Fe2? ? H2O2 ? Fe3? ? �OH ? OH-). The

reaction mixture contained H2O2 (5 mM), ferrous ammo-

nium sulfate (5 mM), 5,5-dimethyl-1-pyrroline N-oxide

(DMPO) (100 mM), and different contractions of extracts in

phosphate-buffered saline (pH 7.4). Deionized water and 5%

ethanol were used for the blank experiment. After incubation

of the reaction mixture at 25�C for 8 min, the relative signal

intensity was measured by ESR spectrometry (Bruker EMX-

10, Germany) using the following conditions: receiver gain,

5.02 9 105; modulation amplitude, 1.6 G; scan time,

167.8 s; filed, 3483 ± 100 G; time constant, 163.8 ms.

Determination of total phenolics content

Total phenolics content was measured according to the

Folin–Ciocalteu method with slight modification [19], and

gallic acid was used as standard. A 200-ll sample of

extract was added to 20 ll of 20% Na2CO3. After 2 min,

10 ll of 50% Folin–Ciocalteu reagent was added to the

mixture, which was then left for 30 min. Absorbance was

measured at 750 nm using a spectrophotometer. Deionized

water was used as a blank control and gallic acid as stan-

dard. The phenolic compound content was expressed as

gallic acid equivalent using the following equation based

on the calibration curve: absorbance = 0.019137 gallic

acid (mg ml-1) ? 0 (R2 = 0.99816).

DNA strand scission assay

The reaction mixture contained UX 174 RF1 supercoiled

DNA (0.6 lg; New England Biolabs, Beverly, MA, USA),

H2O2 (0.2 M), 10 mM Tris–HCl, 1 mM EDTA buffer (pH

8.0), and various concentrations of extracts were added

prior to H2O2 addition. Hydroxyl radicals were generated

by irradiation of the reaction mixtures with a 23-W UV

lamp (shortwave) at a distance of 10 cm. The mixture was

incubated at room temperature for 2 min and analyzed by

0.8% agarose gel electrophoresis and stained with ethidium

bromide. The gels were then photographed under UV light.

Cell culture

Human lung carcinoma A549 cells derived from human

alveolar type 2 cells (CCL-185; American Type Culture
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Collection, Manassas, VA) and human lung adenocarci-

noma H1650 cells (CRL-5883; American Type Culture

Collection, Manassas, VA) were cultured in RPMI-1640

complete medium. The medium was supplemented with

sodium bicarbonate (2.2%, w/v), L-glutamine (0.03%, w/v),

penicillin (100 units/ml), streptomycin (100 lg/ml), and

fetal calf serum (10%). A549 and H1650 cells were

maintained at 37�C in a humidified atmosphere containing

5% CO2.

Determination of cell growth

The H1650 cells (1 9 105) were treated with P. cuspida-

tum extracts for 24 h. The growth of cells was determined

by exclusion of trypan blue staining, and the numbers of

cells were counted by a hemocytometer. The stain is

excluded from living cells but penetrates dead cells. The

proportion of dead cells was determined by counting the

cells stained by trypan blue by using a hemocytometer.

Flow cytometric analysis of cell cycle distribution

Human lung cancer A549 cells were plated in 60-mm

dishes, cultured overnight, and then treated or not treated

with P. cuspidatum extract for 24 h. The floating and

adherent cells were collected by trypsinization, fixed

overnight in 70% ethanol, and resuspended in propidium

iodide (25 lg/ml) supplemented with 0.1% RNase A and

0.1% Triton X-100. DNA content was measured with a

FACScan flow cytometer (BD Biosciences). These exper-

iments were repeated thrice.

Statistical analysis

For each protocol, three or four independent experiments

were performed. Results were expressed as mean ± stan-

dard error of the mean (SEM). Statistical calculations were

performed using the SigmaPlot 2000 software (Systat

Software, San Jose, CA, USA). Differences in measured

variables between experimental and control groups were

assessed using an unpaired t test. P \ 0.05 was considered

statistically significant.

Results

Free radical scavenging activities

of P. cuspidatum extracts

The DPPH free radical scavenging activities of P. cus-

pidatum extracts are shown in Fig. 1. The ethanol and ethyl

acetate (lipophilic phase) extracts from P. cuspidatum

exhibited significant dose-dependent scavenging effects on

DPPH radicals. However, the hydrophilic phase of the

EtOAc extract had a relatively lower scavenging effect.

The scavenging ability of P. cuspidatum against �OH

was also determined. The ESR spectrum of the spin adduct

formed between DMPO and hydroxl radicals generated by

the Fenton reaction is a 1:2:2:1 quartet with splitting at

AN = AH = 15 G (Fig. 2). The signal intensities of this

DMPO–OH spin system were used to evaluate the scav-

enging activity of extracts from P. cuspidatum. The ethanol

extract had a higher inhibition activity than the EtOAc

extract; the hydroxyl radical scavenging activities of the

ethanol extract (1.5 mg/ml) and EtOAc (lipophilic phase)

(1.5 mg/ml) were 72 and 67%, respectively.

Antioxidant activities of P. cuspidatum extracts

Polyphenolic compounds have an important role in stabi-

lizing lipid oxidation and are associated with antioxidant

activity [20]. In this study, the total phenolics contents of

ethanol and EtOAc extracts of P. cuspidatum were mea-

sured and expressed as milligrams of gallic acid equivalent.

The ethanol extract from P. cuspidatum had the highest

phenolics contents of 276.78 ± 39.31 mg. Total phenolics

contents of EtOAc lipophilic and hydrophilic phases from

P. cuspidatum extract were 231.73 ± 5.04 and

146.21 ± 7.80 mg/ml, respectively.

UX 174 RF1 DNA strand scission induced by UV pho-

tolysis of H2O2 was also performed to evaluate the protec-

tive effect of P. cuspidatum extracts on DNA under

oxidative stress. The results are shown in Fig. 3. UV illu-

mination alone did not cause DNA strand cleavage, but the

treatment of supercoiled DNA with UV plus H2O2 led to the

conversion of the DNA to open circular form. Interestingly,

P. cuspidatum extracts can protect UV- and H2O2-induced
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Fig. 1 DPPH free radical scavenging activities of ethanol and ethyl

acetate extracts from root powder of extract derived from Polygonum
cuspidatum
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DNA damage in a dose-dependent manner. Co-treatment

with 0.1 mg/ml of ethanol extract or 0.5 mg/ml of EtOAc

(lipophilic phase) extract of P. cuspidatum can completely

reverse the DNA damage. This result shows that P. cus-

pidatum extracts efficiently protect against DNA damage

induced by UV and H2O2.

Antiproliferative effects of P. cuspidatum extract

on human lung cancer cells

The cytotoxic effect of the ethanol extract of P. cuspidatum

on lung cancer H1650 cells was examined by using the

trypan blue exclusion assay. A dose-dependent growth

inhibition in the H1650 cells by P. cuspidatum ethanol

extract was observed (Fig. 4a, b). In addition, growth

suppression caused by 0.2 mg/ml of the ethanol extract of

P. cuspidatum in the H1650 cell lines was also demon-

strated (Fig. 4c).

Fig. 2 Hydroxyl radical scavenging activities of ethanol and ethyl

acetate extracts from root powder of extract derived from Polygonum
cuspidatum. The signal intensities of DMPO–OH adduct were

determined by electron spin resonance spectrometry and recorded

8 min after reaction initiation in phosphate-buffered solution (pH 7.4)

containing 100 mM DMPO and the following reactants: Control (4%

ethanol), 1.5 mg/ml of ethanol extract (PE), ethyl acetate (lipophilic

levels) extract (PL)

Fig. 3 Protective effect of a ethanol and b EtOAc (lipophilic phase)

extracts of Polygonum cuspidatum against DNA strand damage

induced by H2O2 and UV. Lane 1 and 9, marker; lane 2, UX 174 RF1

supercoiled DNA alone as a control; lane 3, UX 174 RF1 supercoiled

DNA was exposed to UV alone; lane 4, UV plus H2O2; or plus H2O2

and UV in the presence of final concentration of 0.1 mg/ml (lane 6),

0.5 mg/ml (lane 7), 1 mg/ml (lane 8) of Polygonum cuspidatum
extract. Lane 5, UV plus H2O2 with 4% ethanol

Fig. 4 Effect of ethanol extract of Polygonum cuspidatum on the cell

viability and growth of lung cancer cell. a Cell survival, b dead cells,

c cell growth
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Cell cycle distribution analysis was performed by flow

cytometry, which enabled the identification of the cell

distribution during the various phases of the cell cycle.

Cells in the sub-G1 region were detected in the carcinoma

A549 cells and adenocarcinoma H1650 cell line; 5.56%

and 2.02% were found in the untreated cells, respectively.

Fig. 5 Flow cytometry analyses of the DNA content of a A549 cells and b H1650 cells treated with Polygonum cuspidatum ethanol extract. The

percentages of apoptotic cells (the sub-G1 peak) are shown in each histogram

Fig. 6 Effect of ethanol and

ethyl acetate (EtOAc) extract of

Polygonum cuspidatum on the

cellular and nuclear apoptotic

morphology of human lung

cancer A549 cells. a 9100,

b 9200

150 J Nat Med (2010) 64:146–152

123



This proportion increased to 50.26% and 32.52% in the

A549 and H1650 cells treated with 0.2 mg/ml ethanol

extract, respectively (Fig. 5). The results showed that the

proportion of cells in the sub-G1 phase significantly

increased on treatment with P. cuspidatum ethanol extract.

Effects of ethanol and ethyl acetate (EtOAc) extract of

P. cuspidatum on the morphological changes in the A549

cell line after incubation for 24 h are shown in Fig. 6.

Cellular and nuclear morphology of control (left panel) and

A549 cells (right panel) treated with P. cuspidatum extracts

were examined by light microscopy. Cells treated with

P. cuspidatum extracts showed chromatin condensation,

nuclear disintegration, and vacuolization of cytoplasm as

compared with untreated A549 cells.

Discussion

P. cuspidatum has been traditionally used for treatment of

various inflammatory diseases, hepatitis, tumors, and

diarrhea [1]. In this study, we tested the ethanol and ethyl

acetate extracts of P. cuspidatum for their free radical

scavenging activity, total phenolics content, protective

effect against DNA damage, and antiproliferative effect on

human lung cancer cells.

The free radical scavenging activities of P. cuspida-

tum extracts were assayed by using the DPPH assay and

ESR spectrometry. DPPH is a stable radical that has

been used widely to evaluate the antioxidant activity of

various natural products. The results indicated that root

extracts of P. cuspidatum exhibit a significant DPPH

radical scavenging effect (Fig. 1). We also tested the

hydroxyl free radical scavenging activities of P. cuspid-

atum extracts by using ESR spectrometry. Reactive

oxygen species (ROS) are able to damage a wide range

of essential biomolecules [21]. Their short lifetimes

make these transient free radicals difficult to detect.

However, spin-trapping techniques allow in situ detection

of reactive species in room temperature aqueous solu-

tions [22]. The results shown in the present study sug-

gest that P. cuspidatum is an important natural source for

free radical scavengers.

The cellular damage resulting from hydroxyl radicals is

strongest among free radicals. Hydroxyl radicals can attack

DNA and cause strand scission. In the present study,

P. cuspidatum extracts decreased the DNA strand scission

induced by both H2O2 and UV radiation and showed a

dose-dependent protection of DNA under oxidative stress

that was similar to other plants, such as P. aviculare [23],

suggesting that P. cuspidatum extracts are DNA protectors.

The use of naturally occurring antioxidants has attracted

considerable attention and an increasing interest in natural

antioxidants, mainly phenolic compounds, that might help

prevent oxidative damage has appeared worldwide [24].

Phenolics are widely distributed in the tissue of plants and

play an important role as highly effective free radical

scavengers and antioxidants. The antioxidant activity of

phenolics is principally due to their redox properties, which

allow them to act as reducing agents, hydrogen donors, and

singlet oxygen quenchers. In addition, phenolics are

potential metal chelators [12]. In the present study, the

ethanol extract of P. cuspidatum had the highest phenolics

contents of 276.78 ± 39.31 mg. Thus, the effectiveness of

the antioxidant activity of P. cuspidatum extract is proba-

bly related to the high contents of phenolics.

The results in the present study also clearly demon-

strated that P. cuspidatum root extracts could exhibit an

antiproliferative effect by induction of apoptosis on human

lung cancer cells. Apoptosis is a relatively new therapeutic

target in cancer research, but these results reveal the initial

potential of P. cuspidatum as a cytotoxic agent for therapy

against human lung cancer. It is therefore worthwhile to

isolate the active compounds and identity their structures.

Further investigation of the in vivo activity of P. cuspid-

atum (and its constituents) in cancer-bearing mice is also

necessary to exploit this nascent promise.
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