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Abstract
The comet assay is a standard method for measuring DNA damage. In this study, the
protective effects of ethanolic and aqueous extracts of Portulaca oleracea L. (P. olera-
cea) on human lymphocyte DNA lesions were evaluated with the comet assay. Lympho-
cytes were isolated from blood samples taken from healthy volunteers. Human
lymphocytes were incubated in H2O2 (50,100, and 200 mM), aqueous extract (0.05, 0.1,
0.5, 1, and 2.5 mg/ml), and ethanolic extracts (0.05, 0.1, 0.5, 1, and 2.5 mg/ml) of P.
oleraceae aerial parts alone with a combination of H2O2 (100 mM) with either 1 or
2.5 mg/ml of both extracts at 4�C for 30 minutes. The extent of DNA migration was
measured using the alkaline single cell gel electrophoresis approach assay, and DNA
damage was expressed as percentage tail DNA. We found that the aqueous extract of
P. oleracea significantly inhibited DNA damage, while there was no effect of the ethanolic
extract. These data suggest that the aqueous extract of P. oleracea can prevent oxidative
DNA damage to human lymphocytes, which is likely due to antioxidant constituents in the
extract.
1. Introduction

DNA damage and oxidative stress play an important role of
various illnesses and pathological conditions including
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carcinogenesis and aging [1]. Physical factors such as solar
radiation, X-rays, and numerous chemicals can damage
cellular DNA. Oxidative stress can cause damage to lipids,
proteins, and nucleic acids, resulting in changes in signal
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transduction pathways, gene expression, cell mutagenesis,
and cell death [2].

Numerous studies have demonstrated that plant-derived
natural compounds exhibit protective activities against
genotoxicity caused by oxidative stress [3e5], and there is
particular interest in natural substances identified from
herbal compounds. Portulaca oleracea L. (Portulacaceae) is
listed by the World Health Organization as one of the most
commonly used medicinal plants. In folk medicine, P.
oleracea is utilized as an antipyretic, anti-scorbutic, anti-
septic, antispasmodic, diuretic, anthelmintic, and for
treatment of urinary disorders. The aerial parts of this
plant are used medicinally for reducing pain and swelling
[6]. Recent pharmacological studies have also shown
muscle relaxant activity [7], reduction in locomotor
activity, an increase in the onset time of
pentylenetetrazole-induced convulsion [8], gastro-
protective action [9], and analgesic, anti-inflammatory
effects, and antioxidant properties [6]. For example, P.
oleracea has an inhibitory effect on lipopolysaccharide
(LPS) and interferon-g (IFN- g) induced NO production [10].
Yen et al (2001) showed that P. oleracea extract had an
antimutagenic action against 2-amino-3-methylimidazo
(4,5-f) quinoline (IQ) as a mutagen agent [11]. A hypogly-
cemic effect of P. oleracea without any genotoxic activity
was also reported [12]. Furthermore, P. oleracea is a rich
source of omega-3 fatty acids, gallotannins, kaempferol,
quercetin, apigenin, and glutathione [8,13e16]. However,
little is known of the antigenotoxic properties of
P. oleracea.

In the present study, we examined the antigenotoxicity
effects of ethanolic and aqueous extracts of P. oleracea on
human peripheral lymphocytes using the alkaline single cell
gel electrophoresis approach (SCGE) (comet assay). The
comet assay is a simple, fast, and sensitive method for
assessing DNA breaks in individual cells, and is commonly
used in genotoxicity assays, biomonitoring of human eco-
genotoxicology, and basic research in DNA damage and
repair [17,18].

2. Materials and methods

2.1. Preparation of the ethanolic and aqueous
extracts of P. oleracea

Aerial parts of P. oleracea were collected from a cultivation
located in Khaje-rabi (a village near Mashhad, Khorasan
Province) and identified by the Botany Institute, Mashhad
University of Ferdowsi, Mashhad, Iran. A voucher sample
was preserved for reference in the herbarium of the Phar-
macy School, Mashhad University of Medical Sciences,
Mashhad, Iran, (Voucher no. 2240-1615-12). The aerial parts
of P. oleracea were cleaned, dried in the dark, and
powdered with a mechanical grinder. The aerial parts of
the powder (100 g) were then defatted with petroleum
ether (40e60�C) using the Soxhlet apparatus, Beta
company, Mashhad, Iran. For the aqueous extract, 800 mL
distilled water was added to 100 g aerial parts powder and
filtered through cloth. The extract was then concentrated
in vacuo to the desired volume. For the ethanolic extract,
powder was subsequently macerated in 800 mL ethanol
(80%, v/v) for 3 days, and the mixture was filtered and
concentrated in vacuo at 40�C. The residue was suspended
in saline normal with twin 1% tween-20. The yield of dried
aqueous and ethanolic extracts of P. oleracea was
10.93� 0.17% and 6.96� 0.13%, respectively.

2.2. Isolation of human lymphocytes

Blood was obtained from 10 healthy volunteers (aged 25e30
years). Fasting blood was collected into cell preparation
tubes containing 10% ethylenediamine tetra acetic acid
(EDTA) in PBS as an anticoagulant agent. Five milliliters of
the whole blood was diluted 1:1 with PBS, and then care-
fully layered on top of a lymphocyte separation medium
(aqueous solution of Ficoll, 57 g/L; density of 1.077 g/mL)
in a centrifugation tube in a 1:1 ratio. After centrifugation
for 20 minutes at 2000 rpm, gradient-separated lympho-
cytes were recovered, diluted 1:1 with PBS, and centri-
fuged a second time at 1500 rpm for 10 minutes. The cell
pellets were resuspended in 500 mL of PBS, and the cells
counted in a Neobauer chamber. The cell concentration
was adjusted to 5000 cells/mL in preparation for the comet
assay. Cell viability was determined using the trypan blue
dye exclusion method [19], and was greater than 98%.

2.3. Determination of DNA damage (comet assay)

The comet assay was performed under alkaline conditions
according to the technique described by Singh et al (1988).
Human lymphocytes were incubated in different concen-
trations of H2O2 (50,100, and 200 mM) and different
concentrations of aqueous extract (0.05, 0.1, 0.5, 1, and
2.5 mg/mL) or ethanolic extracts (0.05, 0.1, 0.5, 1, and
2.5 mg/mL) of P. oleraceae alone in combination with
100 mM H2O2 with either 1 or 2.5 mg/mL of both extracts at
4�C for 30 minutes. Solvents of both extracts without H2O2

were used as negative controls [20]. Samples were then
centrifuged at 3000 rpm for 10 minutes and the cells
washed with PBS. The cell pellets were mixed with 100 mL
of 0.75% (w/v) low melting point agarose (LMA), and then
distributed onto microscope slides coated with 100 mL of 1%
(w/v) normal melting agarose, covered with a cover slip,
and kept for 10 minutes at 4�C to solidify. After the cover
slips were removed, the slides were covered with another
100 mL of (0.75% w/v) LMA, covered with a cover slip, and
kept for 10 minutes at 4�C. The slides were then immersed
in freshly prepared cold lysing solution [2.5 M NaCl, 100 mM
Na2EDTA, 10 mM Tris, 1% (v/v) triton X-100, 10% DMSO, pH
10.0]. Slides were treated at 4�C for at least 2 hours
(vertically without a coverslip) with lysing solution. After
the slides were removed from the lysis solution, they were
washed with cold PBS and placed in an electrophoresis tank
horizontally side by side. DNA was allowed to unwind for 30
minutes in freshly prepared alkaline electrophoresis buffer
(1 mM Na2EDTA, 0.3 N NaOH, pH 13.0).

Electrophoresis was run at 25 V for 45 minutes at 4�C. All
procedural steps were performed under yellow light
conditions to minimize additional DNA damage. The slides
were then placed vertically in a neutralizing tank and
gently washed three times for 5 minutes with neutralizing
buffer (0.4 M Tris-HCl buffer, pH 7.5). Twenty microliters of
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20 mg/mL ethidium bromide was dispensed directly onto
slides and covered with a cover slip. The slides were
studied using a fluorescent microscope (Nikon 100, E 200,
Japan) attached to a charge-coupled device camera con-
nected to a personal computer. Fifty individual cells were
selected for calculations for each analysis. All experiments
were performed at least three times, each with two
parallel slides per data point. Single cells were analyzed
with TriTek Cometscore version 1.5 (www.autocomet.com).
DNA damage was expressed as percentage tail DNA, where
percentage tail DNAZ [tail DNA/(head DNAþ tail DNA)]�
100. A higher percentage tail DNA indicated a higher level
of DNA damage.
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Figure 2 DNA damage of human lymphocytes treated with
aqueous extract of P. oleraceae. Human lymphocytes were
incubated for 30 minutes at 4�C with different concentrations
of extract. Results are mean� SEM (nZ 4 slides� 50 lympho-
cytes). ANOVA, p> 0.05.
2.4. Statistical analysis

Differences between groups were evaluated by one-way
analysis of variance (ANOVA) followed by the Dunnett’s
test. The protective effects of aqueous and ethanolic
extracts of P. oleracea were compared using Student’s t
test for paired samples. Values were expressed as mean -
� standard error of the mean (SEM). Statistical significance
was accepted at the p< 0.05 level.

3. Results

Induced effects of oxidative stress were measured by SCGE.
A significant increase in DNA damage was induced with
increasing concentration of H2O2 (50,100, and 200 mM;
p< 0.001 for all; Fig. 1). The genotoxic effects of different
concentrations of aqueous extract (0.05, 0.1, 0.5, 1, and
2.5 mg/mL) and ethanolic extracts (0.05, 0.1, 0.5, 1, and
2.5 mg/mL) of P. oleracea on human peripheral lympho-
cytes (Figs. 2 and 3), and the protective effect of the
aqueous and ethanolic extracts of P. oleracea in the pres-
ence of 100 mM H2O2 (Figs. 4 and 5), were then examined.
The aqueous extract of P. oleracea at 1 and 2.5 mg/mL
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Figure 1 DNA damage of human lymphocytes exposed to
hydrogen peroxide. Human lymphocytes were incubated for 15
minutes at 4�C with different concentrations of hydrogen
peroxide. Results are mean� SEM (nZ 4 slides� 50 lympho-
cytes). ANOVA, p< 0.001.
exhibited a significant inhibitory effect on H2O2-induced
DNA damage (percentage tail DNA 2.35% � 0.16 and
1.29% � 0.12, respectively; p < 0.001; Fig. 4), while there
was no effect of ethanolic extract on DNA damage (Fig. 5).

4. Discussion

In the present study, we examined the antigenotoxic
effects of ethanolic and aqueous extracts of P. oleracea
against DNA damage induced by hydrogen peroxide. The
single cell gel electrophoresis assay (comet assay) is an
inexpensive, simple, and rapid method for measuring DNA
strand breaks [21e24], and due to its sensitivity allows
analysis at the individual cell level and the use of small
samples [21]. Formation of free radicals during biological
metabolism can cause mutagenicity and genotoxicity
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Figure 3 DNA damage of human lymphocytes treated with
ethanolic extract of P. oleracea compare to negative control.
Human lymphocytes were incubated for 30 minutes at 4�C with
different concentrations of extract. Results are mean� SEM
(nZ 4 slides� 50 lymphocytes). ANOVA, p> 0.05.

http://www.autocomet.com
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Figure 4 Effect of aqueous extract of P. oleraceae on
lymphocyte DNA damaged induced by hydrogen peroxide.
Human lymphocytes were incubated for 30 minutes at 4�C with
a combination of 100 mM H2O2 with different concentrations of
ethanolic extract of P. oleraceae. Results are mean� SEM
(nZ 4 slides� 50 lymphocytes). ANOVA, ***P< 0.001.
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[25,26]. Hydrogen peroxide is a genotoxic agent, but it does
not react directly with DNA. Furthermore, in the presence
of transition metal ions, hydrogen peroxide produces highly
reactive hydroxyl radicals through the Fenton reaction [27].
In the present study, due to induction of oxidative stress,
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Figure 5 Effect of ethanolic extract of P. oleraceae on
lymphocyte DNA damaged induced by hydrogen peroxide.
Human lymphocytes were incubated for 30 minutes at 4�C with
a combination of 100 mM H2O2 with different concentrations of
ethanolic extract of P. oleraceae. Results are mean� SEM
(nZ 4 slides� 50 lymphocytes). ANOVA, p> 0.05.
hydrogen peroxide produced various levels of damage to
the DNA of isolated blood lymphocytes, which was detected
by the comet assay. We found that all concentrations of
hydrogen peroxide (50, 100, and 200 mM) caused dose-
dependent damage to DNA of lymphocytes. We also found
that neither aqueous nor ethanolic extracts of P. oleracea
caused DNA damage in human lymphocytes, which is sup-
ported by other studies examining the genotoxic activity of
P. oleracea extract [12]. The aqueous extract of P. oleracea
displayed protective activities against H2O2-induced chro-
mosomal damage, while the ethanolic extract did not. This
is supported by a previous study showing that P. oleracea
inhibited the mutagenicity of IQ in human lymphocyte [11].

The antioxidant activities of P. oleracea extracts have
been previously demonstrated, and are suggested to be
related to its constituents, such as omega-3 fatty acids,
gallotannins, kaempferol, quercetin, apigenin, a-tocoph-
erols, flavonoids (quercetin), ascorbic acid, and glutathione
[8,13,14]. Ascorbic acid and glutathione can scavenge free
radicals and block the peroxidation of nucleic acids and
DNA damage, as well as reduce the production of free
radicals [28e32]. Considering the constituents present in
the aqueous P. oleracea extract, our data suggest that
aqueous extract of P. oleracea has protective effects
against hydrogen peroxide-induced oxidative DNA damage
in human lymphocytes. Thus, P. oleracea might have
potential for the prevention and treatment of diseases
resulting from oxidative stress.

Acknowledgments

The authors thank the Research Committee of Pharmacy
School and the Research Council of Mashhad University of
Medical Sciences, Iran for approval and financial support of
this project.

References

1. Soltani F, Mosaffa F, Iranshahi M, Karimi G, Malekaneh M,
Haghighi F, et al. Evaluation of antigenotoxicity effects of
umbelliprenin on human peripheral lymphocytes exposed to
oxidative stress. Cell Biol Toxicol. 2009;25:291e296.

2. Demirci M, Hiller KA, Boslb C, Gallerb K, Schmalzb G,
Schweiklb H. The induction of oxidative stress, cytotoxicity,
and genotoxicity by dental adhesives. Dental Materials. 2008;
24:362e371.

3. Baratta GR. Antioxidant activity of selected essential oil
components in two lipid model systems. Food Chem. 2000;69:
167e174.

4. Glei M, Pool-Zobel BL. The main catechin of green tea, (�)
epigallocatechin-3-gallate (EGCG), reduces bleomycin induced
DNA damage in human leucocytes. Toxicol In Vitro. 2006;20:
295e300.

5. Plazar J, Filipic M, Groothuis GM. Antigenotoxic effect of
Xanthohumol in rat liver slices. Toxicol In Vitro. 2008;22:
318e327.

6. Chan K, Islam MW, Kamil Mr R, Zakaria MNM, Habibullah M,
Attas A, et al. The analgesic and anti-inflammatory effects of
Portulaca oleracea L. subsp. sativa (Haw.) Celak. J Ethno-
pharmacol. 2000;73:445e451.

7. Okwuasaba F, Ejika C, Parry O. Effects of extracts of Portulaca
oleracea on skeletal muscle in vitro. J Ethnopharmacol. 1987;
27:55e63.



Protective effect of Portulaca oleracea 197
8. Radhakrishnan R, Zakaria MN, Islam MW, Chen HB, Kamil M,
Chan K, et al. Neuropharmacological actions of Portulaca
oleraceae L v. sativa (Hawk). J Ethnopharmacol. 2001;76:
171e176.

9. Karimi G, Hosseinzadeh H, Ettehad N. Evaluation of the gastric
antiulcerogenic effects of Portulaca oleracea L. extracts in
mice. Phytother Res. 2004;18:484e487.

10. Abas F, Lajis NH, Israf DA, Khozirah S, Kalsom YU. Antioxidant
and nitric oxide inhibition activities of selected Malay tradi-
tional vegetables. Food Chem. 2006;95:566e573.

11. Yen GC, Chen HY, Peng HH. Evaluation of the cytotoxicity,
mutagenicity and antimutagenicity of emerging edible plants.
Food Chem Toxicol. 2001;39:1045e1053.

12. Gao D, Li Q, Fan Y. Hypoglycemic effects and mechanisms of
Portulaca oleracea L. in alloxan-induced diabetic rats. J Med
Plants Res. 2010;4:1996e2003.

13. Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic
compounds of 112 traditional Chinese medicinal plants asso-
ciated with anticancer. Life Sci. 2004;74:2157e2184.

14. Simopoulos AP. Omega-3 fatty acids and antioxidants in edible
wild plants. Biol Res. 2004;37:263e277.

15. Xu X, Yu L, Chen G. Determination of flavonoids in Portulaca
oleracea L. by capillary electrophoresis with electrochemical
detection. J Pharm Biomed Anal. 2006;41:493e499.

16. Sharma A, Vijayakumar M, Rao CV, Unnikrishnan MK, Reddy GD.
Action of Portulaca oleracea against streptozotocin-induced
oxidative stress in experimental diabetic rats. J Compl Integr
Med. 2009;6:1e12.

17. Collins AR. The comet assay for DNA damage and repair:
principles, and limitations. Mol Biotechnol. 2004;26:249e267.

18. Pavlica M, Klobucar GIV, Moja�s N, Erben R, Pape�s D. Detection
of DNA damage in haemocytes of zebra mussel using comet
assay. Mutat Res. 2001;490:209e214.

19. Philips H. Tissue Culture. Methods and Applications. New York:
Academic; 1973.

20. Collins AR, Duthie SJ, Dobson VL. Direct enzymatic detection of
endogenous oxidative base damage in human lymphocyted
DNA. Carcinog. 1995;14:1733e1735.

21. Speit G, Hartmann A. The Comet Assay (Single-Cell Gel Test). A
sensitive genotoxicity test for the detection of DNA damage
and repair. Methods Mol Biol. 1999;113:203e212.
22. Lee RF, Steinert S. Use of the single cell gel electro-
phoresis/comet assay for detecting DNA damage in aquatic
(marine and freshwater) animals. Mutat Res. 2003;544:43e64.

23. Stanga A, Brendiamour M, Schunck C, Wittea I. Automated
analysis of DNA damage in the high-throughput version of the
comet assay. Mutat Res. 2010;698:1e5.

24. Danadevi K, Rozati R, Saleha Banu B, Hanumanth Rao P,
Grover P. DNA damage in workers exposed to lead using comet
assay. Toxicol. 2003;187:183e193.

25. Yen GC, Chen HY. Scavenging effect of various tea extract on
superoxide derived from the metabolism of mutagens. Biosci
Biotechnol Biochem. 1998;62:1768e1770.

26. Andreoli C, Leopardi P, Rossi S, Crebelli R. Processing of DNA
damage induced by hydrogen peroxide and methyl meth-
anesulfonate in human lymphocytes: analysis by alkaline single
cell gel electrophoresis and cytogenetic methods. Mutagen.
1999;14:497e503.

27. Yen GC, Hung YL, Hsieh CL. Protective effect of extracts of
Mesona procumbens Hemsl. on DNA damage in human
lymphocytes exposed to hydrogen peroxide and UV irradiation.
Food Chem Toxicol. 2000;38:747e754.

28. Fossati T, Solinas N, Porro D, Branduardi P. L-ascorbic acid
producing yeasts learn from plants how to recycle it. Metab
Eng. 2011;13:177e185.

29. Marnewick JL, Rautenbach F, Venter I, Neethling H,
Blackhurst DM, Wolmarans P, et al. Effects of rooibos (Aspa-
lathus linearis) on oxidative stress and biochemical parameters
in adults at risk for cardiovascular disease. J Ethnopharmacol.
2011;133:46e52.

30. Ouchikh O, Chahed T, Ksouri R, Taarit MB, Faleh H, Abdelly C,
et al. The effects of extraction method on the measured
tocopherol level and antioxidant activity of L. nobilis vegeta-
tive organs. J Food Composit Anal. 2011;24:103e110.

31. Tejerina D, Garcı́a-Torres S, Cabeza de Vaca M, Vázquez FM,
Cava R. Acorns (Quercus rotundifolia Lam.) and grass as natural
sources of antioxidants and fatty acids in the ‘‘montanera"
feeding of Iberian pig: Intra- and inter-annual variations. Food
Chem. 2011;124:997e1004.

32. Folkes LK, Trujillo M, Bartesaghi S, Radi R, Wardman P. Kinetics
of reduction of tyrosine phenoxyl radicals by glutathione. Arch
Biochem Biophys. 2011;506:242e249.


	 Protective Effects of Aqueous and Ethanolic Extracts of Portulaca oleracea L. Aerial Parts on H2O2- Induced DNA Damage in L ...
	1 Introduction
	2 Materials and methods
	2.1 Preparation of the ethanolic and aqueous extracts of P. oleracea
	2.2 Isolation of human lymphocytes
	2.3 Determination of DNA damage (comet assay)
	2.4 Statistical analysis

	3 Results
	4 Discussion
	 Acknowledgments
	 References


