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Abstract  Celandine (Chelidonium majus, family Papaveraceae) is an herb used extensively in traditional Korean medicine.
To investigate its antioxidant and antiproliferative activities, the methanolic extract of celandine was introduced. The
antioxidant properties of the extract were tested using various i vitro systems, including hydroxyl radical scavenging assay,
DNA damage protection assay, 1,1-diphenyli-2-2-pricylhydrazyl (DPPH) free radical scavenging activity, metal chelating
activity, and reducing power assay. The extract exhibited stronger antioxidant activity (ICsp=7.92 ug/ml) against hydroxyl
radicals in the Fenton system than butylated hydroxyanisole (ICsy=51.46 pg/mL) and o-tocopherol (IC5p=67.48 pg/mL).
Likewise, damage to the plasmid pBR 322 induced by hydroxyl radicals was found to be protected by the extract at a
concentration of 400 ug/mL. Cellular proliferation and the induction of apoptosis were also examined by a cellular
proliferation assay, flow cytometry, and mRNA expression analysis. Taken together, the extract significantly inhibited the
growth of HT-29 cells in a concentration- and time-dependent manner, and gradually increased both the proportion of
apoptotic cells and the expression of caspase-3. Qverall, our research suggests that celandine possesses antioxidant and
antiproliferative properties.
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Introduction

Reactive oxygen species (ROS), including hydroxyl radicals,
superoxide anions, hydrogen peroxide, and singlet oxygen,
are a major cause of oxidative damage to biological
molecules in the human body (1). These molecules are
unstable and highly reactive; thus, they can induce cellular
damage by initiating chemical chain reactions such as lipid
peroxidation or the oxidation of DNA and proteins (2).
Moreover, ROS are known to cause coronary heart disease,
aging, and cancer (3). Antioxidants have diverse functions
in biological systems, including defense against oxidative
damage and participation in all of the major signaling
pathways in cells. One of the chief functions of antioxidants
in cells is to prevent damage caused by the action of ROS
(4,5). Plants contain a wide variety of free radical scavenging
molecules such as phenolic compounds, nitrogen compounds,
vitamins, terpenoids, and other endogenous metabolites
that are rich in antioxidant activity. Many of these antioxidant
compounds possess anti-inflammatory, antimutagenic,
anticancer, antibacterial, or antiviral activities (6,7).
Cancer is one of the most formidable causes of human
suffering, with more than 10 million new cases of cancer
each year and over 6 million cancer-related deaths (8).
Cancer, a neoplastic disorder caused by excessive cellular
proliferation, can be treated via chemotherapy, surgery, or
radiation therapy (9,10). However, an increasing amount of
cancer research is being directed toward the investigation
of plant-derived anticancer compounds, many of which
have been used in traditional herbal treatments for centuries
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(11). Apoptosis, an intrinsic cell death program, is a key
regulator of tissue homeostasis, and imbalances between
cell death and proliferation may result in tumor formation.
The aim of anticancer agents is to induce apoptosis-related
signaling in cancer cells while disrupting their proliferation
(12,13).

Celandine (Chelidonium majus) is widely distributed
across Southern and Central Europe as well as parts of Asia
and North America. It belongs to the family Papaveraceae
and is rich in biologically active substances. Celandine has
also been found to exhibit a variety of biological activities,
including anti-inflammatory, antimicrobial, antiviral, and
antitumor effects (14). To date, several reports on
isoquinoline alkaloids and their biological activities have
been published (15,16).

The purpose of the present study was to investigate the
antioxidant and antiproliferative bioactivities of celandine
by means of antioxidant tests, including hydroxyl radical
scavenging assay, DNA damage protection assay, DPPH
free radical scavenging activity, metal chelating activity
and reducing power assay. Cellular proliferation and the
induction of apoptosis were assessed by MTT assay, flow
cytometry, and mRNA expression analysis.

Materials and Methods

Chemicals 1,1-Diphenyll-2-2-pricylhydrazyl (DPPH), 2-
deoxy-D-ribose, a-tocopherol, ethylenediaminetetraacetic
acid (EDTA), 3-(2-pyridyl)-5,6-bis (4-phenyl-sulfonic acid)-
1,2,4-triazine (ferrozine), trichloroacetic acid (TCA), butylated
hydroxytoluene (BHT), and butylated hydroxyanisole
(BHA) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). 2-Thiobarbituric acid (TBA) was purchased
from Alfa Aesar (Karlsruhe, Germany). RPMI medium
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1640, Dulbecco’s modified Eagle’s medium (DMEM),
fetal bovine serum (FBS), and trypsin-EDTA were
acquired from Gibco BRL (Grand Island, NY, USA). The
culture supplies (e.g., 96-well plates) were obtained from
SPL Brand Products (SPL, Suwon, Korea). All other
chemicals were of analytical grade.

Preparation of the extract Celandine was dried in the
shade at room temperature and powdered. Fifty g of
powder were then extracted with 1,000 mL of absolute
methanol at room temperature for 72 hr. The extract was
filtered through filter paper (100-mm; Whatman, Maidstone,
UK) and evaporated under reduced pressure using a
vacuum rotary evaporator (CCA-1110; Eyela, Tokyo,
Japan). The dried sample was weighed and kept in a
refrigerator until further analysis.

Hydroxyl radical scavenging activity The scavenging
ability of the test extract toward -OH was determined using
the deoxyribose assay (17). The reaction mixture [FeSO,
(10 mM, 0.2 mL), EDTA (10 mM, 0.2 mL), H,O, (10 mM,
02mL), and 2-deoxy-D-ribose (10 mM, 0.2 mL)] was
mixed with or without extract to make a final volume of 1
mL, then mixed with 1 mL of phosphate buffer (0.1 M, pH
7.4). The mixture was then incubated at 37°C for 4 hr.
After incubation, 1 mL each of 2.8% TCA and 1% TBA
were added and the mixture was placed in boiling water for
10 min. Finally, the reaction mixture was cooled and
centrifuged at 800xg for 10 min. The absorbance of the
supernatant was measured at 532 nm.

DNA damage protection assay To test for DNA damage
induced by hydroxyl radicals, 2 pL. of celandine extract
and 0.5 pg of the plasmid pBR 322 were mixed and
incubated for 10 min at room temperature followed by the
addition of 7 pLL of Fenton’s reagent (3 uL of 30% H,0,,
2 uL of 5 mM FeSO,, and 2 uL of 50 mM PB buffer). The
resulting mixture (final volume 20 ul.) was incubated for
30 min at 37°C. The DNA was analyzed on 1% agarose
gels and visualized using ethidium bromide staining and a
Mini BIS image analysis system (DNR Bio-Imaging
Systems Ltd., Kiryat Anavim, Israel). Densitometric
analysis was done with image analysis software (Quantity
one; Bio-Rad, Hercules, CA, USA). The percentage of
DNA damage protection was calculated by comparing the
proportion of each supecoiled DNA with Fenton’s reagent
intensity to the supercoiled DNA without Fenton’s reagent.

DPPH radical scavenging activity The free radical
scavenging activity of the extract was determined by the
DPPH test as previously described (18). Briefly, 0.5 mL of
0.1 mM DPPH (in methanol) was added to a test tube
containing 0.5 mL of the extract at various concentrations
(0.003125-0.4 mg/mL). The mixture was then shaken
vigorously for 1 min and kept at room temperature for 30
min in the dark. The absorbance of each sample solution
was subsequently measured at 517 nm. The experiment
was carried out in triplicate and the results were averaged.
The ability to scavenge DPPH radicals was calculated
using the following equation: I (%)=[1x(A;xA;)/A;]*100.
In the equation, A, is the absorbance of the DPPH solution
without sample (0.5 mL DPPH solution+0.5 mL methanol),
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A, is the absorbance of the test sample mixed with DPPH
solution (0.5 mL sample+0.5 mL DPPH solution), and A;
is the absorbance of the sample without DPPH solution
(0.5 mL sample+0.5 mL methanol).

Metal chelating activity The chelation of ferrous ions
by the extract was estimated as described previously (19).
In brief, 1 mL of celandine extract at varying concentrations
was mixed with 3.7 mL of absolute methanol and 0.1 mL
of 1 mM FeCl,. The reaction was initiated by adding 0.2
mL of 5 mM ferrozine followed by vigorous shaking; the
mixture was then left to react at room temperature for 10
min. Each test was repeated 3 times. The absorbance was
measured at 562 nm.

Reducing power assay The reducing power was determined
as described previously (20). Various concentrations of
extract (1 mL) were mixed with 2.5 mL sodium phosphate
buffer (0.2M, pH 6.6) and 2.5mL of 0.1% potassium
ferricyanide. The mixture was incubated at 50°C for 30
min. After adding 2.5 mL of 10% TCA, the mixture was
centrifuged at 3,000xg for 10 min. The upper layer (2.5
mL) was mixed with 2.5 mL of distilled water and 0.5 mL
of 0.1% of ferric chloride, and the absorbance was
measured at 700 nm.

Cell line and cell culture HT-29 cells (human colon
cancer cell line) and HEK 293 cells (HEK293 embryonic
kidney cell line) were purchased from the Korean Cell
Line Bank (Seoul, Korea). HT-29 cells were grown in
RPMI 1640 medium supplemented with 10% FBS, 100 U/
mL penicillin, and 100 pg/mL streptomycin. HEK 293
cells were grown in DMEM supplemented with 10% FBS,
100 U/mL penicillin, and 100 pg/mL streptomycin. Cells
were incubated at 37°C in a humidified atmosphere of 95%
air and 5% CO,.

Cellular proliferation assay HT-29 cancer cells were
plated at a density of 1x10 cells/well in 96-well plates
with 200 ug/mL culture medium for 24 hr and then
exposed to 25, 50, 100, 200, or 400 pg/mL celandine
extract for 24, 48, or 72 hr. The HEK 293 cells were also
exposed to 25, 50, 100, 200, or 400 pg/mL celandine
extract for 72 hr. A total of 20 uL, of MTT solution [2 mg/
mL in phosphate-buffered saline (PBS)] was added to each
well at the time of incubation. After 4 hr of incubation, the
supernatant was discarded and 200 pL of dimethy] sulfoxide
(DMSO) was added to each well to terminate the reaction.
The absorbance was measured at 550 nm using an enzyme-
linked immunosorbent assay (ELISA) plate reader (Bio-
Tek, Winooski, VT, USA).

Assay of the apoptotic rate by Annexin V-FITC staining
The proportion of HT-29 cancer cells undergoing apoptosis
was measured using an Annexin V-FITC apoptosis detection
kit (Sigma-Aldrich) as described by the manufacturer.
Cells (1x10°% were seeded into 6-well plates and treated
with various concentrations of extract (25-200 ug/mL) for
24 hr. Following digestion with 0.25% trypsin-EDTA for 3
min, the cells were collected and centrifuged at 13,000xg
for 15 min. The pellets were then washed twice with PBS
and re-suspended in 1xbinding buffer at a concentration of
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1x10° cells/mL. Subsequently, 5 uL of Annexin V-FITC
conjugate and 10 uL of propidium iodide were added, and
the cells were kept in the dark at room temperature for 10
min. The Annexin V-FITC-/Pl-stained cells were analyzed
by flow cytometry (Becton-Dickinson, Franklin Lakes, NJ,
USA).

Determination of the expression level of caspase-3
Reverse transcription-polymerase chain reaction (RT-PCR)
was used to analyze gene expression in the cells. HT-29
cancer cells were grown in 6-well plates for 24 hr and then
treated with various concentrations of extract for 24 hr.
Total RNA was then isolated from the cells using a Trizol
RNA isolation kit (Invitrogen, Carlsbad, CA, USA).
Subsequently, 1 ug of the RNA was reverse-transcribed
into cDNA and used as the template for PCR amplification.
The forward and reverse primers were as follows: sense, 5'-
TCACAGCAAAAGGAGCAGITT-3' and antisense, 5'-
CGTCAAAGGAAAAGGACTCAA-3' for capspase-3 and
S"TCACCCTGAAGTACCCCATC-3' and 5'-CCATCTCT
TGCTGCAAGTCC-3' for factin. The conditions for
caspase-3 and f-actin were 94°C for 5 min followed by 30
cycles at 94°C for 60 sec, 55°C for 60 sec, and 72°C for 90
sec, with a final extension at 72°C for 7 min. The products
were separated by 1% agarose gel electrophoresis. The gels
were stained with ethidium bromide and photographed.
The level of caspase-3 expression was calculated as the
proportion of the caspase-3 PCR product intensity to that
of the factin product from the same RNA sample.

Statistical analysis Al tests were carried out in independent
triplicate (#=3) and data was expressed as mean=standard
derivation (SD). Analyses were performed using SPSS 7.5
(SPSS Institute, Cary, NC, USA).

Results and Discussion

Hydroxyl radical scavenging activity The effect of the
extract on hydroxyl radicals generated from Fe’* ions was
measured based on the extent of deoxyribose oxidation,
which is an indicator of TBA-malondialdehyde (MDA)
adduct formation. The extract and positive controls (BHA
and o-tocopherol) exhibited dose-dependent hydroxyl
radical scavenging ability (Fig. 1). The extract exhibited
strong inhibition of the radicals at a much lower
concentration than BHA or a-tocopherol: the 1Csy of the
extract was 7.92 pg/mL, while those for BHA and -
tocopherol were 51.46 and 67.68 pg/ml, respectively.
Thus, the scavenging abilities were as follows: celandine
extract>BHA >a-tocopherol.

Hydroxyl radicals are the most reactive of all free radicals
and can be formed from superoxide anions and hydrogen
peroxide in the presence of metal ions (21). Hydroxyl
radicals have the capacity to bond with the nucleotides in
DNA, causing strand breakage that ultimately results in
carcinogenesis, mutagenesis, and cytotoxicity. In addition,
these species are believed to initiate the lipid peroxidation
process, whereby hydrogen atoms are extracted from
unsaturated fatty acids (22).

DNA damage protection assay Oxidative DNA damage
has been implicated in various degenerative diseases (23).
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Fig. 1. Hydroxyl radical scavenging activity of celandine

extract. (@) Celandine extract, (O) BHA, ('¥) a-tocopherol.
BHA and a-tocopherol were used as positive controls. Each value
is expressed as the mean=SD (n=3).
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Fig. 2. (A) Visualization of the damage induced by hydroxyl
radicals on plasmid DNA in the presence of celandine extract
by agarose gel electrophoresis. (B) Histogram showing the
protective effect of the extract against DNA damage based on
densifometric measurements. Line 1, DNA incubated without
Fenton’s reagent; Line 2, DNA incubated with Fenton’s reagent;
Line 3-8, DNA incubated with Fenton’s reagent in the presence of
400, 200, 100, 50, 25, and 12.5 pg/mL celandine extract,
respectively. Line 9, DNA incubated with Fenton’s reagent and
400 ug/mL BHA.

The antioxidant effect of the extract was evaluated based
on its ability to protect against hydroxyl radical-induced
DNA damage in the plasmid pBR 322. pBR 322 exists in
3 forms, supercoiled, open circular, and linear. When the
plasmid was subjected to the Fenton reaction for 30 min,
the intact supercoiled DNA was broken into the open
circular form compared to the untreated plasmid (Fig. 2).
However, at concentrations ranging from 50 to 400 ug/mL,
celandine extract protected against hydroxyl radical-
induced DNA damage in a dose-dependent manner (lane
3-8); in particular, it exhibited 82.5% protective activity at
400 pg/mL. In comparison, 400 ng/mL. BHA (lane 9)
produced a smaller protective effect on the supercoiled
DNA. These results are consistent with our hydroxyl
radical scavenging results.
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Fig. 3. DPPH radical scavenging activity of celandine extract. (@)
Celandine extract, (O) a-tocopherol, (W) BHT. BHT and «-
tocopherol were used as positive controls. Each value is expressed
as the mean+SD (n=3).
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Fig. 4. Metal chelating activity of celandine extract. (@)
EDTA, (O) a-tocopherol, (' ¥) celandine extract. EDTA and o-
tocopherol were used as positive controls. Each value is expressed
as the mean+SD (n=3).

DPPH radical scavenging activity DPPH has been used
extensively as a free radical to evaluate reducing substances.
The DPPH radical scavenging activity of the extract has
been attributed to its ability to pair with the odd electron in
the DPPH radical (24). As shown in Fig. 3, celandine
extract exhibited dose-dependent DPPH radical scavenging
activity. Based on the calculated ICs, values, the order of
activity was as follows: a-tocopherol (8.52 ug/mL)>BHT
(14.67 pg/mL)>celandine extract (126.69 ug/mL). The
result showed that celandine extract had weak DPPH free
radical scavenging activity compared to the standards
used.

Metal chelating activity An important feature of
antioxidants is their ability to chelate metals. Chelating
agents have been reported as being effective as secondary
antioxidants because they reduce oxidized forms of the
metal iron (25). The metal chelating ability of celandine
extract was tested against that of EDTA and a-tocoyherol
by evaluating their capacity to complex with Fe™". As
shown in Fig. 4, EDTA exhibited a stronger inhibitory
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Fig. 5. Reducing power activity of celandine extract. (@)
Celandine extract, (O) oa-tocopherol. a-Tocopherol was used as
positive control. Each value is expressed as the mean+SD (n=3).

effect, followed by celandine extract and a-tocopherol.
Although the iron chelating ability of celandine extract was
moderate, it was stronger than that of a-tocopherol.

Reducing power assay [t is reported that reducing activity
is generally associated with the presence of reductones,
which have been shown to exert an antioxidant effect by
donating a hydrogen atom and thereby breaking the free
radical chain (26). The reducing power of celandine extract
revealed that the reducing power was directly proportional
to the concentration (200 to 1,000 ug/mL) used. The
reducing power ability of celandine extract is much lower
than a-tocopherol (Fig. 5).

Cellular proliferation assay Cellular proliferation was
estimated by the MTT assay using cells treated with
varying concentrations of celandine extract for 24, 48, or
72 hr. As shown in Fig. 6, the extract inhibited cellular
proliferation in a time- and dose-dependent manner. The
proliferation of HT-29 cells was reduced by 50% following
24hr of exposure to 496.2 ug/mL extract, 48hr of
exposure to 288.9 ug/ml extract, and 72 hr of exposure to
87.2 ng/mL extract. These data provide evidence for the
antiproliferative effect of celandine extract. The celandine
extract at doses up to 400 ug/mL and a treatment time of
72 hr caused no more than 30% growth inhibition of the
HEK 293 cells. This cytotoxicity level was much lower
than that against HT-29 cancer cells.

Assessment of the apoptotic rate by Annexin V-FITC
staining To estimate the degree of apoptosis induced by
celandine extract, we utilized Annexin V-FITC and propidium
iodide to distinguish between apoptotic and necrotic cells.
Annexin V is a binding protein with high affinity and
selectivity for phosphatidylserine (27). The appearance of
phosphatidylserine on the cell surface is a general indicator
of apoptosis; however, the translocation of phosphatidylserine
to the cell surface also occurs during necrosis. Therefore,
the measurement of Annexin V binding to the cell surface
was performed in conjunction with propidium iodide (28).
The results, shown in Fig. 7, indicate that celandine extract
induced apoptosis in a dose-dependent manner. The proportion
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Fig. 6. (A) HT-29 cancer cells treated with various
concentrations of celandine extract for 24, 48, or 72 hr. (B)
HEK 293 cells treated with various concentrations of celandine

extract for 72 hr. (@) 24 hr, (O) 48 hr, (W) 72 hr. Each value is
expressed as the mean+SD (n=3).

of early-stage apoptotic cells increased significantly from
0.01 to 8.16%, while the proportion of late-stage apoptotic/
necrotic cells increased from 0.02 to 32.8%. Thus, celandine
extract can induce apoptosis leading to the subsequent
inhibition of cellular proliferation.

Determination of the expression level of caspase-3
Caspase-3 is the final executor of apoptotic DNA damage
and cleaves several cellular proteins (29). Based on the
increase in apoptosis among the celandine extract-treated
cells, we examined whether caspase-3 plays a role in the
execution of apoptotic events. Following treatment with
the extract at 25-400 pg/ml for 24 hr, the mRNA
expression of caspase-3 increased significantly in HT-29
cancer cells in a concentration-dependent manner (Fig. 8).

Summarizing the above result, it is conformed that the
celandine extract exhibits antioxidant and antiproliferative
activities. It has been stated that ROS in moderate
concentrations exerts some functions necessary for cell
homeostasis maintenance. However, when produced in
excess they play a role in the causation of cancer (30).
Early administration of antioxidants could prevent the
initiation and progression of cancer by quenching the
action of potentially mutagenic reactive free radicals (31).
Therefore, additional studies are needed to identify the
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Fig. 7. Flow cytometric analysis of HT-29 cancer cells
incubated with varying concentrations of celandine extract for
24 hr. The right bottom quadrant represents the Annexin V-stained
cells (early-phase apoptotic cells). The top right quadrant
represents PI- and Annexin V-stained cells (late-phase apoptotic/
necrotic cells).
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Fig. 8. Induction of caspase-3 mRNA expression in HT-29
cancer cells. HT-29 cells were cultured in the absence (control) or
presence of celandine extract for 24 hr; B-actin was used as an
internal control. (A) Typical results of agarose gel electrophoresis.
(B) Quantification of the caspase-3 expression level was achieved
by densitometric measurement.

active compounds that confer the antioxidant and/or
antiproliferative activities of celandine extract.



212

Acknowledgments

This study was partially supported by the Research Institute
of Bioscience & Biotechnology, Kangwon National
University, Korea.

References

1.

2.

10.

11.

12.

13.

14.

1s.

Toyokuni S. Reactive oxygen species-induced molecular damage
and its application in pathology. Pathol. Int. 49: 91-102 (1999)
Marnett LJ. Lipid peroxidation-DNA damage by malondialdehyde.
Mutat. Res. 424: 83-95 (1999)

. Rao AV, Balachandran B. Role of oxidative stress and antioxidants

in neurodegenerative disease. Nutr. Neurosci. 5: 291-309 (2002)

. Halliwell B. Antioxidant characterization: Methodology and

mechanism. Biochem. Pharmacol. 49: 1341-1348 (1995)

. Gerber M, Boutron-Ruault MC, Hercberg S, Riboli E, Scalbert A,

Siess MH. Food and cancer: State of the art about the protective
effect of fruits and vegetables. Bull. Cancer 89: 293-312 (2002)

. Cai YZ, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic

compounds of 112 traditional Chinese medicinal plants associated
with anticancer. Life Sci. 74: 2157-2184 (2004)

. Mathew S, Abraham TE. In viro antioxidant activity and

scavenging effects of Cinnamomum verum leaf extract assayed by
different methodologies. Food Chem. Toxicol. 44: 198-206 (2006)

. Parkin DM, Bray FI, Devesa SS. Cancer burden in the year 2000.

The global picture. Eur. J. Cancer 37: 4-66 (2001)

. Rogers LR. Cerebrovascular complications in cancer patients.

Neurol. Clin. 21: 167-192 (2003)

Vijayalaxmi B, Thomas CR, Reiter RJ, Herman TS. Melatonin:
From basic research to cancer treatment clinics. J. Clin. Oncol. 20:
2575-2601 (2002)

Kinghorn DA. Pharmacognosy in the 21% century. J. Pharm.
Pharmacol. 53: 135-148 (2001)

Lee JY, Hwang W1, Lim ST. Antioxidant and anticancer activities of
organic extracts from Platycodon grandiflorum A. De Candolle
roots. J. Ethnopharmacol. 93: 409-415 (2004)

Green DR. Apoptotic pathways: The roads to ruin. Cell 94: 695-698
(1998)

Colombo ML, Bosisio E. Pharmacological activities of Chelidonium
majus L. (Papaveraceae). Pharmacol. Res. 33: 127-134 (1996)
Lenfeld J, Kroutil M, Marsalek E, Slavik J, Preininger V, Simanek
V. Anti-inflammatory activity of quaternary benzophenanthridine
alkaloids from Chelidonium majus. Planta Med. 43: 161-165 (1981)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

W. Hu and M. -H. Wang

Lee J, Shon MY, Jang DS, Ha TJ, Hwang SW, Nam SH, Seo EK,
Park KH, Yang MS. Cytotoxic isoquinoline alkaloids from
Chelidonium majus var asiaticum. Agric. Chem. Biotechnol. 48:
198-201 (2005)

Chung SK, Osawa T. Hydroxy radical scavengers from white
mustard (Sinapis alba). Food Sci. Biotechnol. 7: 209-213 (1998)
Kilani S, Ammar RB, Bouhlel I, Abdelwahed A, Hayder N,
Mahmoud A, Ghedira K, Chekir-Ghedira L. Investigation of
extracts from (Tunisian) Cyperus rotundus as antimutagens and
radical scavengers. Environ. Toxicol. Pharm. 20: 478-484 (2005)
Lu MJ, Chen C. Enzymatic modification by tannase increases the
antioxidant activity of green tea. Food Res. Int. 41: 130-137 (2008)
Guo J, Wang MH. Antioxidant and antidiabetic activities of Ulmus
davidiana extracts. Food Sci. Biotechnol. 16: 55-61 (2007)
Breborowicz A. Free radicals in peritoneal dialysis: Agents of
damage? Periton. Dialysis Int. 12: 194-198 (1992)

Girotti AW. Lipid hydroperoxide generation, turnover, and effector
action in biological systems. J. Lipid Res. 39: 1529-1542 (1998)
Loft S, Fischer-Nielsen A, Jeding IB, Vistisen K, Poulsen HE. 8-
Hydroxydeoxyguanosine as a urinary biomarker of oxidative DNA
damage. J. Toxicol. Env. Health 40: 391-404 (1993)

Siriwardhana N, Lee KW, Jeon YJ, Kim SH, Haw JW. Antioxidant
activity of Hizikia fusiformis on reactive oxygen species scavenging
and lipid peroxidation inhibition. Food Sci. Technol. Int. 9: 339-346
(2003)

Li XL, Zhou AG Evaluation of the antioxidant effects of
polysaccharides extracted from Lycium barbarum. Med. Chem. Res.
15: 471-482 (2007)

Duh PD. Antioxidant activity of burdock (drctium lappa Linne): Its
scavenging effect on free-radical and active oxygen. J. Am. Oil.
Chem. Soc. 75: 455-461 (1998)

Ramanathan M. Flow cytometry applications in pharmacodynamics
and drug delivery. Pharm. Res. 14: 1106-1114 (1997)

Vermes I, Haanen C, Reutelingsperger C. Flow cytometry of
apoptotic cell death. J. Immunol. Methods 243: 167-190 (2000)
Cohen GM. Caspases: The executioners of apoptosis. Biochem. J.
326: 1-16 (1997)

Cejas P, Casado E, Belda-Iniesta C, De Castro J, Espinosa E,
Redondo A, Sereno M, Garcia-Cabezas MA, Vara JA, Dominguez-
Caceres A, Perona R, Gonzalez-Baron MA. Implications of
oxidative stress and cell membrane lipid peroxidation in human
cancer. Cancer Cause Control 15: 707-719 (2004)

Zeisel SH. Antioxidants suppress apoptosis. J. Nutr. 134: 3179S-
31808 (2004)



