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Abstract

In recent years, genistein has received considerable attention because epidemiologic studies showed that consumption of soybean-

containing diets was associated with a lower incidence of certain human cancers in Asian populations. In vitro studies further showed that

such chemopreventive and antineoplastic effects were associated with the antioxidant activity of genistein and inhibitor activities on cell

proliferation and angiogenesis. Genistein was shown to arrest the growth of malignant melanoma in vitro and to inhibit ultraviolet (UV)

light-induced oxidative DNA damage. Recently, it has been demonstrated that genistin, as other flavonoid glycosides, is partly absorbed

without previous cleavage and does not have to be hydrolyzed to be biologically active. Therefore, not only isoflavone aglycons, but also

glycosides can be of physiological relevance. In the present study, we evaluated in cell-free systems the effect of genistin and daidzin on

pBR322 DNA cleavage induced by hydroxyl radicals, generated from UV photolysis of hydrogen peroxide, and their superoxide anion

scavenging capacity. In addition, we investigated the growth inhibitory activity of these isoflavones against human melanoma cell line (M14).

Under our experimental conditions, genistin and daidzin showed a protective effect on DNA damage and exhibited a superoxide dismutase-

like effect, but only genistin was able to reduce significantly the vitality of M14 cells, confirming the importance of the 5,7-dihydroxy

structure in the A ring. These results suggest that also genistin, due to its antioxidant and anticarcinogenic properties, contributes to the

overall biological activity of soy and could have promising applications in the field of dermatology.

D 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The bioflavonoids are aromatic secondary plant metab-

olites belonging to the class of plant phenolics. They are

highly diverse in both their chemical structure and proposed

biological functions. Flavonoids are benzo-g-pirone deriv-

atives that can be grouped according to the presence of

different substituents on the rings and to the degree of

benzo-g-pirone ring saturation. Flavonoids per se are

compounds in which the benzenoid substitution is at

the 2 position; compounds with substitution at the

3 position are properly termed isoflavonoids [1]. Genistein

(4V,5,7-trihydroxy-isoflavone), daidzein (4V,7-dihydroxy-
isoflavone), and their 7-glycosides, genistin, and daidzin

are the major isoflavonoids of soybeans and soy products.
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Genistein and genistin are present at ~4.6–18.2 and

200.6–960 Ag/g, respectively, in soybean, soybean nuts,

and soy powder. In recent years, genistein has received

considerable attention because epidemiologic studies

showed that consumption of soybean-containing diets was

associated with a lower incidence of certain human cancers

in Asian populations [2]. In vitro studies further showed that

such chemopreventive and antineoplastic effects were

associated with the antioxidant activity of genistein and

inhibitor activities on cell proliferation and angiogenesis

[3–7]. Genistein was shown to arrest the growth and induce

the differentiation of malignant melanoma in vitro [8].

Moreover, it has been demonstrated that this isoflavone

significantly inhibits ultraviolet (UV) light-induced oxida-

tive DNA damage [8]. Nevertheless, genistein, like daid-

zein, seems to have some disadvantages, which considerably

limit its potential clinical utility; these include rapid in vivo

metabolism and excretion, low serum level after oral
chemistry 17 (2006) 103–108
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administration, and poor solubility [9]. It has been demon-

strated that genistin, the predominant form found in plants,

like other flavonoid glycosides [10–12], is partly absorbed

without previous cleavage and does not have to be

hydrolyzed to be biologically active [13]. Therefore, not

only isoflavone aglycons, but also glycosides can be of

physiological relevance.

In the present study, we evaluated in cell-free systems the

effect of genistin and daidzin on pBR322 DNA cleavage

induced by hydroxyl radicals (bOH), generated from UV

photolysis of hydrogen peroxide (H2O2) and their superox-

ide anion (O2
�) scavenging capacity, using a method that

excludes the Fenton-type reaction and the xanthine/xanthine

oxidase system. In addition, we investigated the growth

inhibitory activity of these isoflavone glycosides against

human melanoma cell line (M14), testing several cellular

parameters such as cell vitality, cytotoxicity, and DNA

damage. In addition, because a substantial body of data

suggests that reactive oxygen species are associated with

tumor promotion, acting as second messengers for signal

transduction pathways that regulate cell proliferation,

intracellular oxidants were determined.
2. Methods and materials

2.1. Chemicals

Daidzin and genistin (N99%) were obtained from the

Extrasynthese (Geany Cedex, France); pBR322 plasmid

DNA, 3(4,5-dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium

bromide (MTT), and 2V,7V-dichlorofluorescein diacetate

(DCFH-DA) were obtained from Sigma Aldrich Co

(St. Louis, USA); h-nicotinamide adenine dinucleotide

(NADH) was obtained from Boehringer Mannheim (Ger-

many). All other chemicals were purchased from GIBCO

BRL Life Technologies (Grand Island, NY, USA).

2.2. Antioxidant activity in cell-free systems

2.2.1. DNA cleavage induced by hydrogen peroxide

UV photolysis

The experiments were performed, as previously reported

[14], in a volume of 20 Al containing 33 AM in bp of

pBR322 plasmid DNA in 5 mM phosphate saline buffer

(pH 7.4), and isoflavone glycosides at 100, 200, and 400 AM
concentration. Immediately prior to irradiating the samples

with UV light, H2O2 was added to a final concentration of

2.5 mM. The reaction volumes were held in caps of

polyethylene microcentrifuge tubes, placed directly on the

surface of a transilluminator (8000 AW cm�1) at 300 nm.

The samples were irradiated for 5 min at room temperature.

After irradiation, 4.5 Al of a mixture, containing 0.25%

bromophenol blue, 0.25% xylene cyanol FF, and 30%

glycerol, were added to the irradiated solution. The samples

were then analyzed by electrophoresis on a 1% agarose

horizontal slab gel in Tris –borate buffer (45 mM

Tris–borate, 1 mM EDTA). Untreated pBR322 plasmid
was included as a control in each run of gel electrophoresis,

conducted at 1.5 V/cm for 15 h. Gel was stained in ethidium

bromide (1 Ag/ml, 30 min) and photographed on Polaroid-

Type 667 positive land film.

2.2.2. Scavenger effect on superoxide anion

Superoxide anion was generated in vitro as described

by Paoletti et al. [15]. The assay mixture contained in a

total volume of 1 ml 100 mM triethanolamine–diethanol-

amine buffer, pH 7.4, 3 mM NADH, 25 mM/12.5 mM

EDTA/MnCl2, and 10 mM h-mercapto-ethanol; some

samples contained genistin and daidzin at different con-

centrations (25, 50, 100, and 200 AM). After 20 min of

incubation at 258C, the decrease in absorbance was

measured at k=340 nm.

2.3. Study on human tumor cell line

2.3.1. Cell culture and treatments

M14 human melanoma cells were grown in RPMI

containing 10% fetal calf serum, 100 U/ml penicillin,

100 Ag/ml streptomycin, and 25 Ag/ml fungizone. After

24 h of incubation at 378C under a humidified 5% carbon

dioxide to allow cell attachment, the cells were treated

with different concentrations (12, 25, 50, and 100 AM)

of genistin and daidzin, and incubated for 72 h under the

same conditions.

Stock solutions of genistin and daidzin were prepared in

DMSO. Control cultures received DMSO alone. The final

concentration of this solvent was kept constant at 0.27%.

2.3.2. MTT bioassay

MTT assay was performed as described by Mosmann

[16]. Briefly, the cells were set up 6�103 cells per well of a

96-well, flat-bottomed 200 Al of microplate. Cells were

incubated at 378C in a humidified 5% CO2/95% air mixture

and treated with isoflavone glycosides for 72 h. Four hours

before the end of the treatment time, 20 Al of 0.5% MTT in

phosphate-buffered saline (PBS) was added to each micro-

well. Cells were washed once before adding MTT. After

4 h of incubation at 378C, the supernatant was removed

and replaced with 100 Al of DMSO. The optical density of

each well sample was measured with a microplate spectro-

photometer reader (Digital and Analog Systems, Rome,

Italy) at 550 nm.

2.3.3. Lactic dehydrogenase release

Lactic dehydrogenase (LDH) activity was spectrophoto-

metrically measured in the culture medium and in the cellular

lysates at 340 nm by analyzing NADH reduction during the

pyruvate–lactate transformation, as previously reported [17].

Cells were lysed with 50 mM Tris –HCl+20 mM EDTA,

pH 7.4+0.5% sodium dodecyl sulfate, further disrupted by

sonication and centrifuged at 13,000g for 15 min. The assay

mixture (1 ml final volume) for the enzymatic analysis

contained 33 Al of sample (5–10 Ag of protein) in 48 mM



Fig. 1. Effect of genistin and daidzin on the protection of supercoiled DNA

against SOH generated by the photolysis of H2O2. Lane 1, untreated DNA;

lane 2, 2.5 mM H2O2; lane 3, genistin (100 Am)+2.5 mM H2O2; lane 4,

daidzin (100 AM)+2.5 mM H2O2; lane 5, genistin (200 AM)+2.5 mM

H2O2; lane 6, daidzin (200 AM)+2.5 mM H2O2; lane 7, genistin

(400 AM)+2.5 mM H2O2; lane 8, daidzin (400 AM)+2.5 mM H2O2. SC,

supercoiled circular DNA; LIN, linear form; OC, open circular form.

ig. 2. Scavenger effect of genistin and daidzin at different concentrations

5, 50, 100, and 200 AM) on O2
� expressed as percentage of inhibition of

ADH oxidation; rate of O2
� production was 4 nmol/min. Each value

represents the meanFS.D. of four experiments performed in duplicate.
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PBS, pH 7.5, plus 1 mM pyruvate and 0.2 mM NADH.

The percentage of LDH released was calculated as

percentage of the total amount, considered as the sum of

the enzymatic activity present in the cellular lysate and

that in the culture medium. A Hitachi U-2000 spectropho-

tometer (Hitachi, Tokyo, Japan) was used.

2.3.4. Reactive oxygen species assay

Reactive species determination was performed by using a

fluorescent probe DCFH-DA, as previously described [17].

DCFH-DA diffuses through the cell membrane; it is

enzymatically hydrolyzed by intracellular esterases and

oxidized to the fluorescent 2V,7V-dichlorofluorescein in the

presence of ROS. The intensity of fluorescence is propor-

tional to the levels of intracellular oxidant species. One

hundred microliters of 100 AM DCFH-DA dissolved in

100% methanol was added to the cellular medium where the

acetate group is not hydrolyzed, and the cells were incubated

at 378C for 30 min. After incubation, cells were lysated and

centrifuged at 10,000g for 10 min. The fluorescence

(corresponding to the radical species-oxidized 2V,7V-dichloro-
fluorescein) was monitored spectrofluorometrically using a

Hitachi F-2000 spectrofluorimeter (Hitachi): excitation,

488 nm; emission, 525 nm. The total protein content,

measured according to Bradford [18], was evaluated for each

sample, and the results are reported as fluorescence intensity

per milligram protein and compared to relative control.

2.3.5. DNA analysis by COMET assay

The presence of DNA fragmentation was examined by

single cell gel electrophoresis (COMET assay), according to

Singh et al. [19]. Briefly, 0.8–1�105 cells were mixed with

75 Al of 0.5% low melting agarose and spotted on slides.

The bminigelsQ were maintained in lysis solution (1%

N-laurosil-sarcosine, 2.5 M NaCl, 100 mM Na2EDTA, 1%

Triton X-100, 10% DMSO, pH 10) for 1 h at 48C, and then

denatured in a high pH buffer (300 mM NaOH, 1 mM

Na2EDTA, pH 13) for 20 min, and finally electrophoresed

in the same buffer at 18 V for 45 min. At the end of the run,

the minigels were neutralized in 0.4 M Tris–HCl, pH 7.5,

stained with 100 Al of ethidium bromide (2 Ag/ml) for

10 min, and scored using a fluorescence microscope

(Leica, Wetzlar, Germany) interfaced with a computer.
Software (Leica-QWIN) allowed us to analyze and quantify

DNA damage by measuring (a) tail length, intensity, and

area; (b) head length, intensity, and area. These parameters

are employed by the software to determine the level of DNA

damage as (a) the percentage of the fragmented DNA

(TDNA) and (b) tail moment (TMOM) expressed as the

product of TD (distance between head and tail) and TDNA.

2.4. Statistical analysis

Results were analyzed using one-way ANOVA followed

by Dunnett’s post hoc test for multiple comparisons with

control. All statistical analyses were performed using the

statistical software package SYSTAT, version 9 (Systat,

Evanston, IL, USA).
3. Results

Fig. 1 shows the electrophoretic pattern of DNA after UV

photolysis of H2O2 (2.5 mM) in the absence and presence of

genistin and daidzin (100, 200, and 400 AM). DNA derived

from pBR322 plasmid showed two bands on agarose gel

electrophoresis (lane 1); the faster moving band corre-

sponded to the native form of supercoiled circular DNA

(scDNA) and the slower moving band was the open circular

form (ocDNA). The UV irradiation of DNA in the presence

of H2O2 (lane 2) resulted in the cleavage of scDNA to

ocDNA and linear form (linDNA), indicating that bOH

generated from UV photolysis of H2O2 produced DNA

strand scission. The addition of isoflavone glycosides (lanes

3–8) to the reaction mixture of H2O2 suppressed the

formation of linDNA. The action of these natural com-

pounds was comparable to that of trolox and ascorbic acid

as previously reported [20]. The treatment of plasmid DNA

with isoflavonoids alone did not change the migration

pattern (data not shown).

The superoxide anion scavenging capacity of these

isoflavones was tested using the method of Paoletti et al.

[15], which excludes the Fenton-type reaction and the

xanthine/xanthine oxidase system. Also, in this assay,
F
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Table 1

Cell viability in M14 cells after the treatment with genistin and daidzin for

72 h (12, 25, 50, and 100 AM)

Treatment MTT % LDH released

Control 100 10.0F2.5

Genistin

12 AM 81.6F2.6T 10.7F2.7

25 AM 78.1F2.9T 12.5F1.8

50 AM 64.2F1.6T 12.1F4.7

100 AM 59.1F4.6TT 9.1F3.8

Daidzin

12 AM 95.9F2.6 10.8F4.7

25 AM 96.7F2.9 11.1F2.8

50 AM 95.6F1.6 12.6F4.3

100 AM 97.1F2.6 13.1F2.8

Each value represents the meanFS.D. of the three experiments performed

in duplicate.

T Significant vs. control untreated cells ( P b.05).

TT Significant vs. control untreated cells ( P b.01).

Fig. 4. COMET assay of genomic DNA of human M14 cells, untreated and

treated with genistin for 72 h. (A) TDNA values, (B) TMOM values. The

values are the meanFS.D. of three experiments performed in duplicate.
x Significant versus control untreated cells ( P b.01).
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genistin and daidzin showed a dose-dependent superoxide

scavenging effect (Fig. 2). Genistin exhibited the major

effect and, under our experimental conditions, at 200 AM,

corresponded in activity to 0.08 U/mg protein superoxide

dismutase (SOD) [20].

The extract was tested in vitro for its potential human

tumor cell growth inhibitory effect on M14 human

melanoma cell line using MTT assay, a nonradioactive,

fast, and economical assay widely used to quantify cell

growth. MTT is a yellow water-soluble tetrazolium salt.

Metabolically active cells are able to convert the dye to its

water-insoluble dark blue formazan by reductive cleavage of

the tetrazolium ring. The results, summarized in Table 1,

show that only genistin exhibited a significantly (Pb.01)

and a dose-dependent inhibitory effect on this human cancer

cell examined, and at higher concentration (100 AM), the

cell viability was 59%.

Lactic dehydrogenase release was also measured to

evaluate the presence of cell necrosis as a result of cell

disruption subsequent to membrane rupture (Table 1). Under

our experimental conditions, treatment of cell cultures
Fig. 3. Intracellular oxidants in M14 human tumor cell line untreated and

treated with genistin at different concentration (12, 25, 50 and 100 AM).

Each value represents the meanFS.D. of three experiments performed in

duplicate. x Significant versus control untreated cells ( P b.01).
with genistin and daidzin did not result in a significant

increase in LDH release.

The results of ROS formation are presented in Fig. 3.

Genistin induced a significant and dose-dependent increase in

ROS formation when compared with the untreated control.

DNA damage was analyzed using COMET assay, a

sensitive method for detecting DNA strand breaks in a single

cell and a versatile tool that is highly efficacious in human

biomonitoring of natural compounds [21]. The results of

TDNA and TMOM (Fig. 4), representing the percentage of

the fragmented DNA and the product of TD (distance

between head and tail) and TDNA, respectively, clearly

evidence a dose dependent DNA damage to cells exposed to

genistin for 72 h, in particular, at the highest concentration.
4. Discussion

The incidence of human skin cancers has significantly

increased in the past 20 years and continues to increase at an

alarming annual rate of 4% [8]. Therefore, the development

of safe and effective preventive agents against photocarcino-

genesis has become an important subject in dermatological

research. Melanoma and nonmelanoma skin cancers are

among the most prevalent cancers in the human population.

Skin provides a protective barrier against environmental
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insults and is the primary target for UV radiation effects

[22]. Ultraviolet radiation is considered the major etiological

factor in skin cancer. It has been suggested that the depletion

of stratospheric ozone and human recreational behavior

resulting in intensive sun exposure may further increase

these rates. Solar UV consists of UVC (200–280 nm), UVB

(280–320 nm), and UVA (320–400 nm). Recent evidence

has identified the involvement of hydrogen peroxide in

the response to physiological doses of UVB [22]. The

antioxidant system of the skin battles reactive oxygen

species and helps prevent UV-induced oxidative skin

damage. Cutaneous damage, premature aging of the skin,

and skin cancer ensue when UV exposure exceeds the

protective capacity of the antioxidant system [23]. Support-

ing this cutaneous defense system with topical or oral

antioxidants may provide a successful strategy for the

prevention and treatment of skin cancer. Chemoprevention

by means of phytochemicals has been the focus of many

studies within the last decade. AICR and the World Cancer

Research Fund advise that five or more servings of fruit and

vegetables be consumed daily to reduce the risk of certain

cancers [24]. The beneficial effects of fruits and vegetables

for both healthy people and cancer survivors have some-

times been associated with the presence of various

antioxidant micronutrients. Comprehensive reviews have

detailed the findings supporting the role of green tea

polyphenolic antioxidants as chemopreventive agents

[25,26]. In mice, topical vitamin E has been shown to

confer photoprotection by the inhibition of UV-induced

thymine dimer formation, absorption of UVB radiation, and

prevention of UV-induced immunosuppression [27–29].

Studies indicate that genistein potently inhibits UVB-

induced skin carcinogenesis and photodamage in animals

[8]. From our studies in vitro, it is possible to hypothesize

that genistin could also be used in preventing skin damage;

in fact, this isoflavone exhibits protection against DNA

strand scission, induced by bOH radicals, generated from

UV photolysis of H2O2, suppressing the formation of

linDNA. In addition, both genistin and daidzin exhibited a

SOD-like effect, inhibiting the superoxide anion formation

in a dose-dependent manner.

The study on human tumor cells clearly demonstrates

that genistin was able to reduce significantly the vitality of

M14 cells after 3 days of exposure, without an increase in

cellular membrane breakage, as evaluated by percentage of

LDH release, even at the highest dosage of 100 AM. On the

contrary, daidzin, the chemical structure of which differs by

only one hydroxyl group, was ineffective, confirming the

importance of the 5,7-dihydroxy structure in the A ring of

isoflavones. In fact, several data evidence that the number

of hydroxyl groups strongly affects the biological activities

of isoflavones. Genistein and daidzein inhibit tumor cell

growth via different mechanisms. For example, genistein

arrested cells in G2, while daidzein induced an accumula-

tion of cells in G1 and exhibited inhibitory effect on cell

proliferation at higher concentration [30]. It has been
demonstrated in vitro that daidzein, due to its lipophilicity

related to the lacking of the hydroxyl group in position 5,

interacts with membrane phospholipids, and this could be in

part the cause of a higher concentration of daidzein next to

the membrane surface [31].

Higher amounts of ROS are produced in some cancer

cells [32] that overactivate the mitogen-activated protein

kinase (MAPK) signaling pathway resulting in constant

activation of redox-sensitive transcription factors including

nuclear factor-kappa B (NF-kB) and AP-1. Studies suggest

that phenolic phytochemicals can scavenge the constitutive-

ly high amounts of ROS in cancer cells, thereby blocking

MAPK signaling, activation of NF-kB and AP-1, and

ultimately, the expression of responsive genes that stimulate

cancer cell proliferation, thereby depriving them of an

essential molecule needed for their existence [33]. On the

other hand, phenolic phytochemicals can, paradoxically,

induce the formation of ROS to achieve an intolerable level

of high oxidative stress in cancer cells [33]. Epigallocatechin

gallate, quercetin, and gallic acid each generated H2O2 in a

time- and concentration-dependent manner when added to

cell culture media [34]. We found similar results in M14 cells

after genistin treatment. In fact, this isoflavone determined a

significant increase in the intracellular oxidants and DNA

strand breaks, as clearly evidenced by the values of TDNA

and TMOM. On the other hand, a well-documented feature

of human melanoma cells is that their antioxidant capacity is

altered when compared with normal melanocytes; in fact,

melanoma cells show decreased catalase activity [35]. In

addition, it was shown that melanocytes and melanoma cells

respond differentially to exogenous peroxides: melanoma

cells were unable to suppress a peroxide stress and generated

a prooxidant response [36].
5. Conclusion

In conclusion, this study, which can be considered as the

starting point for further investigation, demonstrates that as

reported for other glycoside flavonoids [10–12], genistin in

its intact form may play a key role in the beneficial effects of

soy. Our results suggest that due to its antioxidant and

anticarcinogenic properties, the isoflavone genistin, like

genistein, could have promising applications in the field

of dermatology.
Acknowledgments

The authors thank Dr. M. Wilkinson for proofreading the

manuscript.

This work was supported by funds from Catania

University, 2003 (ex 60%).
References

[1] Di Carlo G, Mascolo N, Izzo AA, Capasso F. Flavonoids: old and new

aspects of a class of natural therapeutic drugs. Life Sci 1999;65:337–53.



A. Russo et al. / Journal of Nutritional Biochemistry 17 (2006) 103–108108
[2] Barnes S, Grubbs C, Setchell KD, Carlson J. Soybeans inhibit

mammary tumors in models of breast cancer. Prog Clin Biol Res

1990;347:239–53.

[3] Spinozzi F, Pagliacci MC, Migliorati G, Moraca R, Grignani F,

Riccardi C, et al. The natural tyrosine kinase inhibitor genistein

produces cell cycle arrest and apoptosis in Jurkat T-leukemia cells.

Leuk Res 1994;18:431–9.

[4] Peterson G. Evaluation of the biochemical targets of genistein in

tumor cells. J Nutr 1995;125(3 Suppl):784S–9S.

[5] Zhou JR, Mukherjee P, Gugger ET, Tanaka T, Blackburn GL, Clinton

SK. Inhibition of murine bladder tumorigenesis by soy isoflavones via

alterations in the cell cycle, apoptosis, and angiogenesis. Cancer Res

1998;58:5231–8.

[6] Vedavanam K, Srijayanta S, O’Reilly J, Raman A, Wiseman H.

Antioxidant action and potential antidiabetic properties of an

isoflavonoid-containing soyabean phytochemical extract (SPE).

Phytother Res 1999;13:601–8.

[7] Booth C, Hargreaves DF, Hadfield JA, McGown AT, Potten CS.

Isoflavones inhibit intestinal epithelial cell proliferation and induce

apoptosis in vitro. Br J Cancer 1999;80:1550–7.

[8] Wei H, Saladi R, Lu Y, Wang Y, Palep SR, Moore J, et al. Isoflavone

genistein: photoprotection and clinical implications in dermatology.

J Nutr 2003;133:3811S–9S.

[9] Rimbach G, De Pascual-Teresa S, Ewins BA, Matsugo S, Uchida Y,

Minihane AM, et al. Antioxidant and free radical scavenging activity

of isoflavone metabolites. Xenobiotica 2003;33:913–25.

[10] Serraino I, Dugo L, Dugo P, Mondello L, Mazzon E, Dugo G, et al.

Protective effects of cyanidin-3-O-glucoside from blackberry extract

against peroxynitrite-induced endothelial dysfunction and vascular

failure. Life Sci 2003;73:1097–114.

[11] Horvathova K, Novotny L, Tothova D, Vachalkova A. Determination

of free radical scavenging activity of quercetin, rutin, luteolin

and apigenin in H2O2-treated human ML cells K562. Neoplasma

2004;51:395–9.

[12] Russo A, La Fauci L, Acquaviva R, Campisi A, Raciti G, Scifo C,

et al. Ochratoxin A-induced DNA damage in human fibroblast:

protective effect of cyanidin 3-O-h-d-glucoside. J Nutr Biochem

2005;16:31–7.

[13] Ji S, Willis GM, Frank GR, Cornelius SG, Spurlock ME. Soybean

isoflavones, genistein and genistin, inhibit rat myoblast proliferation,

fusion and myotube protein synthesis. J Nutr 1999;129:1291–7.

[14] Russo A, Acquaviva R, Campisi A, Sorrenti V, Di Giacomo C, Virgata

G, et al. Bioflavonoids as antiradicals, antioxidants and DNA cleavage

protectors. Cell Biol Toxicol 2000;16:91–8.

[15] Paoletti F, Aldinucci D, Mocalli A, Caparrini A. A sensitive

spectrophotometric method for the determination of superoxide

dismutase activity in tissue extracts. Anal Biochem 1986;154:

536–41.

[16] Mosmann T. Rapid colorimetric assay for cellular growth and

survival: application to proliferation and cytotoxicity assays.

J Immunol Methods 1983;65:55–63.

[17] Russo A, Borrelli F, Campisi A, Acquaviva R, Raciti G, Vanella A.

Nitric oxide-related toxicity in cultured astrocytes: effect of Bacopa

monniera. Life Sci 2003;73:1517–26.

[18] Bradford MM. A rapid and sensitive method for the quantitation of

microgram quantities of protein utilizing the principle of protein-dye

binding. Anal Biochem 1976;72:248–54.
[19] Singh NP, Tice RR, Stephens RE, Scheneider EL. A microgel

electrophoresis technique for the direct quantitation of DNA damage

and repair in individual fibroblasts cultured on microscope slides.

Mutat Res 1991;252:289–96.

[20] Russo A, Bonina F, Acquaviva R, Campisi A, Galvano F, Ragusa N,

et al. Red orange extract: effect on DNA cleavage. J Food Sci 2002;

67:2814–8.

[21] Aruoma OI. Antioxidant action of plant foods: use of oxidative DNA

damage as a tool for studying antioxidant efficacy. Free Radic Res

1999;30:419–27.

[22] Sander CS, Chang H, Hamm F, Elsner P, Thiele JJ. Role of oxidative

stress and the antioxidant network in cutaneous carcinogenesis. Int J

Dermatol 2004;43:326–35.

[23] Bialy TL, Rothe MJ, Grant-Kels JM. Dietary factors in the prevention

and treatment of nonmelanoma skin cancer and melanoma. Dermatol

Surg 2002;28:1143–52.

[24] Norman HA, Butrum RR, Feldman E, Heber D, Nixon D, Picciano

MF, et al. The role of dietary supplements during cancer therapy.

J Nutr 2003;133(11 Suppl 1):3794S–9S.

[25] Mukhtar H, Ahmad N. Green tea in chemoprevention of cancer.

Toxicol Sci 1999;52:111–7.

[26] Borrelli F, Capasso R, Russo A, Ernst E. Systematic review: green tea

and gastrointestinal cancer risk. Aliment Pharmacol Ther 2004;19:

497–510.

[27] Gensler HL, Aickin M, Peng YM, Xu M. Importance of the form of

topical vitamin E for prevention of photocarcinogenesis. Nutr Cancer

1996;26:183–91.

[28] McVean M, Liebler DC. Inhibition of UVB induced DNA photo-

damage in mouse epidermis by topically applied alpha-tocopherol.

Carcinogenesis 1997;18:1617–22.

[29] McVean M, Liebler DC. Prevention of DNA photodamage by vitamin

E compounds and sunscreens: roles of ultraviolet absorbance and

cellular uptake. Mol Carcinog 1999;24:169–76.

[30] Casagrande F, Darbon JM. Effects of structurally related flavonoids

on cell cycle progression of human melanoma cells: regulation of

cyclin-dependent kinases CDK2 and CDK1. Biochem Pharmacol

2001;61:1205–15.

[31] Lehtonen JY, Adlercreutz H, Kinnunen PK. Binding of daidzein to

liposomes. Biochim Biophys Acta 1996;1285:91–100.

[32] Szatrowski TP, Nathan CF. Production of large amounts of hydrogen

peroxide by human tumor cells. Cancer Res 1991;51:794–8.

[33] Loo G. Redox-sensitive mechanisms of phytochemical-mediated

inhibition of cancer cell proliferation. J Nutr Biochem 2003;14:

64–73.

[34] Long LH, Clement MV, Halliwell B. Artifacts in cell culture: rapid

generation of hydrogen peroxide on addition of (�)-epigallocatechin,

(�)-epigallocatechin gallate, (+)-catechin, and quercetin to com-

monly used cell culture media. Biochem Biophys Res Commun

2000;73:50–3.

[35] Picardo M, Grammatico P, Roccella F, Roccella M, Grandinetti M,

Del Porto G, et al. Imbalance in the antioxidant pool in melanoma

cells and normal melanocytes from patients with melanoma. J Invest

Dermatol 1996;107:322–6.

[36] Meyskens Jr FL, Chau HV, Tohidian N, Buckmeier J. Luminol-

enhanced chemiluminescent response of human melanocytes and

melanoma cells to hydrogen peroxide stress. Pigment Cell Res

1997;10:184–9.


	Genistin inhibits UV light-induced plasmid DNA damage and cell growth in human melanoma cells
	Introduction
	Methods and materials
	Chemicals
	Antioxidant activity in cell-free systems
	DNA cleavage induced by hydrogen peroxide UV photolysis
	Scavenger effect on superoxide anion

	Study on human tumor cell line
	Cell culture and treatments
	MTT bioassay
	Lactic dehydrogenase release
	Reactive oxygen species assay
	DNA analysis by COMET assay

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


