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An ethanol extract of the stem of Opuntia ficus-indica var. saboten (OFS) was assessed to determine
the mechanism(s) of its antioxidant activity. The ethanol extract exhibited a concentration-dependent
inhibition of linoleic acid oxidation in a thiocyanate assay system. In addition, the OFS extract showed
dose-dependent free-radical scavenging activity, including DPPH radicals, superoxide anions (O;*"),
and hydroxyl radicals (*OH), using different assay systems. The OFS ethanol extract was also found
to be effective in protecting plasmid DNA against the strand breakage induced by hydroxyl radicals
in a Fenton’s reaction mixture. Furthermore, the extract showed significant (p < 0.01) dose-dependent
protection of mouse splenocytes against glucose oxidase-mediated cytotoxicity. Finally, the OFS
extract was characterized as containing a high amount of phenolics (180.3 mg/g), which might be
the active compounds responsible for the antioxidant properties of the OFS extract.

KEYWORDS: Opuntia ficus-indica var. saboten (OFS); reactive oxygen species; antioxidant activity;
phenolics

INTRODUCTION active constituents with strong reducing activity can also

In recent years, there has been a global trend toward the uséOntribute to strong pro-oxidant activity, 17. However, very
of natural phytochemicals present in natural resources, such adittle |nformat|0n is currently ava|la}ble on t.he actllve.constltugr!ts
fruits, vegetables, oilseeds, and herbs, as antioxidants andPresentin OFS that are r_espon3|ble for |_ts qntl0X|dgnt activity.
functional foods 1—3). Natural antioxidants can be used in the Furthermore, the me(_:hanlsm(s) of the antioxidant actions of OFS
food industry, and there is evidence that these substances ma)?as yetto be determined. Hence, the purposes of this work were
exert their antioxidant effects within the human body §). o detgrmlne the.ant|OX|dant property of OFS gnd to prel|m|'nar'-
The prickly pear cactusQpuntia ficus-indich has a global ily deflng the active components and mechanism of its antioxi-
distribution and is an important nutrient and food soue?). dant action.
About 1500 species of cactus are in the ggdpantiaand many
of them produce edible and highly favored fruits. In addition, MATERIALS AND METHODS
Mexicans have use@puntialeaves and fruits for their medicinal Chemicals, Plastics, and Mice.Unless otherwise specified, all

benefits, such as for treating arter_|oscler03|s, d|fabetes, g_astrltlschemica|s used in this study were purchased from Sigma Chemical
and hyperglycemia&-10). The prickly pear varietyOpuntia Co. (St. Louis, MO), and all the plastics were from Falcon Labware
ficus-indicavar. saboten(OFS) is widely cultivated on Cheju  (Becton-Dickinson, Franklin Lakes, NJ). Inbred BALB/c mice-@
Island, in southwestern Korea, and is used as a functional foodweeks old) were purchased from Damul Science (Yoosung, Korea).
in Korea (L1, 12. Previous study on crude compositions of the Preparation of OFS Extract. OFS was obtained from a local market
OFS showed that the major component of OFS is nitrogen free in Cheju Island. A 100-g sample of OFS stem was cut into small pieces
extract. In addition, OFS stem also contains more minerals andand then freeze-dried to give a final weight of 18.7 g for crude OFS
crude proteins and less crude fats than seed and f)itlflore stem preparation. The crud_e preparation (10 g) was then mixed with
interestingly, the antioxidant activity of OFS is reported to ,[100 mL ?f abfsoltgtzetheznolEqscr;}w-ca;pp?d ﬂ?S_Ilfhand shelatken atthroorr|1
correspond to well-known antioxidants, such as catalage; emperature for 5 days to obtain etnanol exiract. 1he resuting ethano

. . . . __extract was subsequently filtered through filter paper (Whatman No.
copherol, and ascorbic acid in a cell-free reactive oxygen SPECi€S3) and centrifuged at 50@0for 10 min. The collected supernatants

(ROS) generating system3). o o were lyophilized to give a final weight of 1.23 g (2.3% of the initial
We previously demonstrated that the antioxidant activity of amounts) for the dried powder of ethanol extract.

bioactive plant constituents might involve direct activity, such Antioxidant Activity of OFS Ethanol Extract against Lipid

as scavenging free radicals, or indirect activity, which may be Peroxidation. The antioxidant activity of OFS against lipid peroxidation
involved in chelating transition element$4; 15. Moreover, was measured through ammonium thiocyanate assay as described
previously (L8). The substrate solution containing 400 of ethanol

*To whom correspondence should be addressed. Fax: 82-63-270-€xtract (0.01 to 2 mg/mL distilled water), 200 of diluted linoleic
4312. E-mail: yongsuk@moak.chonbuk.ac.kr. acid (25 mg/mL 99% ethanol), and 400 of 50 mM phosphate buffer
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(pH 7.4) was incubated for 15 min at 4C. A 100u«L aliquot was fluorescence of DCF was recorded from 515 nm (FL ) using a FACS
then mixed with a reaction solution containing 3 mL of 70% ethanol, Vantage system (Becton-Dickinson, San Jose, CA). Cell viability was
100 uL of ammonium thiocyanate (300 mg/mL distilled water), and not affected by the incubation with 28/l DCFH-DA. In addition, the
100uL of ferrous chloride (2.45 mg/mL 3.5% HCI). After the solution  cells were placed onto 96-well plates and exposed to the G/GO system
incubated at room temperature for 3 min, absorbance was measured ator 4 h in thepresence of the extract. At varied time points,100f

500 nm. MTT solution (5 mg/mL in PBS) was added to each well and the plates
DNA Nicking Assay. A DNA nicking assay was performed using  were incubated for an additiohé h at 37°C. Finally, 70uL of acidic

supercoiled pBR322 plasmid DNA prepared frofilBx using Wizard 2-propanol was added to each well, and the absorbance was measured

Plus SV Minipreps (Promega, Madison, WI). Plasmid DNA (d) at 560 nm using the SpectraCount ELISA reader (Packard Instrument

was added to Fenton’s reagents (30 miDE 50 uM ascorbic acid, Co., Downers Grove, IL).

and 80uM FeCk) containing different concentrations of the ethanol Measuring DNA Synthesis and Cytotoxicity. Level of DNA

extract, and the final volume of the mixture was brought up te:20 synthesis by incubating splenocytes with OFS ethanol extract of

The mixture was then incubated for 30 min at*€and the DNA was different concentrations in the presence gigmL of Concanavalin
analyzed on a 1% agarose gel followed by ethidium bromide staining. A (Con A) or lipopolysaccharide (LPS) was measured by adding 1
Deoxyribose Assay.Deoxyribose assay to determine the rate uCi of [methyt®H] Thymidine (Amersham Pharmacia Biotech, Buck-
constant for the reactions between either antioxidants and hydroxyl inghamshire, UK) to each well for the last 12 h during the 48-h culture
radicals (OH) (referred as non-site-specific scavenging assay) or period. Cells were then collected with a cell harvester (Inotech Inc.,
antioxidants and iron ions (referred as site-specific scavenging assay)Switzerland), and the tritium contents were measured using a liquid

was conducted as described by Halliwell et 46)( For the non-site- scintillation counter (Packard). Cellular cytotoxicity induced by the
specific scavenging assay, OFS extract of different concentrations wastreatment with OFS extract was measured using trypan blue exclusion
mixed with 1 mL of reaction buffer (10@M FeCk, 104uM EDTA, assay 23). Briefly, splenocytes were cultured in RPMI 1640 supple-

1.5 mM H0O,, 2.5 mM deoxyribose, and 10fM L-ascorbic acid, pH mented with 0.5% FBS in the presence of 0.01 to 1 mg/mL OFS ethanol
7.4) and incubated fol h at 37°C. A 1-mL aliquot of 0.5% extract. At varied time points throughout the culture perioet48 h),
2-thiobarbituric acid in 0.025 M NaOH and 1 mL of 2.8% trichloro-  the cells were stained with 0.4% trypan blue and about 100 cells were
acetic acid were added to the mixture and heated for 30 min &80  counted for each treatment condition. Cytotoxicity was calculated as
Finally, the mixture was cooled on ice and absorbance was measuredfollows: % cytotoxicity = [(total cells — viable cells)/total cells]x

at 532 nm using a spectrophotometer (Beckman, DU 530, Germany). 100.

Site-specific scavenging activity, which represented the ability of  petermination of Total Phenolics.Contents of total phenolics were
OFS extract to chelate iron ions and interfere with hydroxyl radical determined according to the method of Feli@iiocalteu reaction24),
generation, was measured using the same reaction buffer without EDTA.using gallic acid as standard. Initially, the OFS extract (5 mg) was
In addition, the ability of the extract to reduce thé FeEDTA complex dissolved in 5 mL of methanol/water mixture (50:50, v/v), and the
to FE*—EDTA complex, acting as pro-oxidant, was tested using the extract solution (50QuL) was mixed with 500uL of 50% Folin—
non-site-specific scavenging assay mixture without the addition of Ciocalteu reagent. The mixture was then allowed to stand for 2
ascorbic acid. min period followed by the addition of 1.0 mL of 20% p&Os. After

Scavenging Activity onto DPPH RadicalsScavenging activity on  10-min incubation at room temperature, the mixture was centrifuged
DPPH free radicals by the extract was assessed according to the methogor 5 min (100@), and absorbance of the supernatant was measured at
reported by Gyamfi et al.10). Briefly, 50 uL of the ethanol extract ~ 730 nm. The total phenolic content was expressed as gallic acid
containing varied amounts of powdered ethanol extract (1, 5, 10, and equivalents (GAE) in milligrams per gram sample.

50 ug/mL distilled water, respectively, in each reaction) was mixed  ggagistical Analyses.All data were expressed as meanstandard
with 1 mL of 0.1 mM DPPH-ethanol solution and 450L of 50 mM error (SE). A one-way ANOVA using SPSS ver. 10.0 software was

Tris—HCI buffer (pH 7.4). After the solution incubated for 30 min 5o for multiple comparisons. A value pf< 0.05 was considered
incubation at room temperature, reduction of DPPH free radicals was significant.

measured by reading the absorbance at 517 nm. In the experiment,
L-ascorbic acid was used as positive control. The inhibition percent

was calculated from the following equation: % inhibitien[(absor- RESULTS
bance of control- absorbance of test sample)/absorbance of control] .
% 100. Scavenging Effects of OFS Extract on F&-Dependent

Scavenging Activity onto Superoxide AnionsScavenging activity ~ Hydroxyl Radicals. To measure the scavenging activity of OFS
on superoxide radical () was assessed by the method described by €xtract on hydroxyl radicals generated in arf~dependent
Gotoh and Niki R0) with a slight modification. Briefly, different manner, we initially measured the radical scavenging activity
concentrations of the extract were added to the reaction solution of OFS ethanol extract using an ammonium thiocyanate assay,
containing 100uL of 30 mM EDTA (pH 7.4), 10uL of 30 mM which measures the degree of linoleic acid oxidation. As shown
hypoxanthine in 50 mM NaOH, and 200 of 1.42-mM nitro blue in Figure 1, OFS extract effectively inhibited F&-dependent
tetrazolium (NBT). After the solution was preincubated at room |inoleic acid oxidation in a dose-dependent manner such that
temperature for 3 min, 106L of 0.5 U/mL xanthine oxidase was added 1.5-2 mg/mL of OFS extract inhibited oxidation by 50%. In
to the mixture and the volume was brought up to 3 mL with 50 mM - . A

contrast, a crude preparation of OFS stem inhibited oxidation

phosphate buffer (pH 7.4). After the solution was incubated at room . .
temperature for 20 min, absorbance was measured at 560 nm. only very weakly, even at the highest concentration tested (data

Cellular Assay for Antioxidant Activity. 2',7-Dichlorofluorescin not shown).
diacetate (DCFH-DA) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl To further measure the scavenging effect of OFS ethanol
tetrazolium bromide (MTT) were used for the evaluation of oxidative extract on F&™-dependent hydroxyl radicals, we investigated
stress in cells on the basis of methods reported by Bass @lpkrtd whether the extract reduced ¥edependent DNA nicking
Mosmann 22), respectively. In the experiments, mouse splenocytes (Figyre 2). When pBR322 plasmid DNA was dissolved in the
and glucose/glucose oxidase (G/GO) were used as model cell and RO eaction mixture, a time-dependent increase in the formation

enerating systems, respectively. Briefly, stock solution of DCFH-DA : .
?50 mM) (gCa)I/biochem, Gperman;/) was grepared in DMSO and stored of smgle-strar_lded nicked DNA (Form II) and of double-stranded
in 100xL aliquots in the dark at-20 °C. Splenocytes (TCcells/mL) nicked and linear DNA (F(?rm Ill) was observed (data not
were exposed to the G/GO system (10 milucose and 10 mu/mL  Shown). However, the addition of 2y of OFS extract to the
glucose oxidase in RPMI 1640 medium) for varied time periods with Nicking reaction mixture increased Form | DNA formation.
or without the extract before incubating for 20 min with28 DCFH- Consequently, the treatment caused*Fmediated Form Il

DA. Ten thousand events were counted per sample and the greenDNA formation to disappear and reduced Form I[I DNA
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Figure 1. Inhibitory effects of OFS ethanol extract on hydroxyl radical-
mediated linoleic acid oxidation. Hydroxyl radicals were generated by
Fenton’s reaction using an ammonium thiocyanate assay system, and
the scavenging of hydroxyl radicals by OFS extract is expressed as the
% inhibition. The concentration of OFS extract tested ranged from 0.1 to
2 mg/mL. The results are the means of three separate experiments.
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Figure 3. Inhibitory effects of OFS ethanol extract on hydroxyl radical-
mediated deoxyribose degradation. Hydroxyl radicals were generated by
Fenton’s reaction using a deoxyribose assay system, and the non-site-
specific (@) and site-specific (O) scavenging activities of hydroxyl radicals
by OFS extract are expressed as the % inhibition. The concentration of
RVS samples tested ranged from 0.01 to 2 mg/mL. The results are the

means of three separate experiments.

1 2 3 456

Table 1. Pro-Oxidant Effect of the Ethanol Extract from OFS Stems
on Iron-Dependent Hydroxyl Radical Generation?

<—Form II
-— Form ITI amount of OFS
Form I ethanol extract optical density %
(mg/mL) (Asz2 nm) stimulation®
Figure 2. Inhibitory effects of OFS extract on DNA nicking caused by control® 0.286 + 0.005
. -~ . L . 0.01 0.292 + 0.007 2.1
hydroxyl radicals. The DNA nicking reaction was initiated by adding 0.5 01 0.319 £ 0.010 115
g of pBR322 plasmid DNA to Fenton's reaction solution in the absence 1 0.331 +0.011 15.7
(lane 3) or presence (lane 4) of OFS extract for 30 min at 37 °C. Lanes 15 0.282 +0.012 0
1 and 2 show the A/Hindlll DNA marker and native plasmid DNA, 2 0.263 +0.006 0

respectively. Lanes 5 and 6 show the results for reaction mixtures
containing 2 U of SOD and 5 U of catalase, respectively.

2 Experiments were conducted essentially as described by Halliwell et al. (16),
except that ascorbic acid was omitted. ® The control contained reaction buffer
formation Figure 2, lane 4). This OFS ethanol extract-mediated solution only. ©The pro-oxidant effect of OFS extract was expressed as %
antioxidant activity was similar to thatf @ U of superoxide stimulation, which was calculated as follows: % stimulation = [(ODsample — ODcontrol)/
dismutase (SOD) ah5 U of catalase, as shown in lanes 5 and ODcontrol] % 100. The results are the mean values of three separate experiments.
6, respectively. These results indicate that the OFS ethanol
extract effectively mitigates the oxidative stresses on susceptible Scavenging Effect of OFS Extract on DPPH Radicals.
biomolecules, such as DNA. Next, we tested the ability of OFS ethanol extract to scavenge

To identify the mechanisms involved in OFS ethanol extract- DPPH radicals. As shown iRigure 4, the extract significantly
mediated antioxidant activity, and particularly to determine inhibited the activity of DPPH radicals in a dose-dependent
whether the OFS extract decreases hydroxyl radical generationmanner. Almost complete inhibition of the anti-DPPH radical
by chelating metal ions or by directly scavenging hydroxyl activity was observed when 1g/mL of OFS extract was used,
radicals, the effect of OFS extract on hydroxyl radicals generated and the activity was similar to that of ascorbic acid, which was
by Fe' ions was measured by determining the degree of used as a control antioxidant. However, the concentration of
deoxyribose degradation, an indicator of thiobarbituric acid- OFS extract required to achieve a 50% reduction in DPPH
malonaldehyde (TBA-MDA) adduct formation. As shown in radicals (IGg), which was calculated using the concentration-
Figure 3, concentration-dependent inhibition of hydroxyl radi- activity curve, was 9.&g/mL, higher than that of ascorbic acid
cal-induced deoxyribose degradation was observed in both site{3.2 ug/mL).
specific and non-site-specific assays. Relatively greater antiox- Scavenging Effects of OFS Extract on Superoxide Anions.
idant activity was observed in the site-specific assay than in We then tested the scavenging effect of OFS extract on
the non-site-specific assay when the same concentration of OFSsuperoxide anions by monitoring the reduction of NBT induced
extract was used, implying that OFS extract chelates metal ionsby superoxide anions produced by the xanthine oxidase-
rather than scavenging hydroxyl radicals directly. mediated degradation of hypoxanthifégure 5 shows that OFS

In contrast, when the ability of OFS extract to reduce the ethanol extract inhibited NBT reduction very efficiently. For
Fet—EDTA complex was tested to examine its pro-oxidant example, OFS extract inhibited the production of superoxide
activity, there was weak pro-oxidant activity at low concentra- anions by 75.7% when 1.5 mg/mL of the extract was added to
tions in the absence of ascorbic acichble 1), but not in the the reaction solution. OFS extract alone did not change the
absence of both ascorbic acid and EDTA (data not shown). absorbance of the reaction solution containing only NBT,
However, the pro-oxidant effect was not observed at high suggesting that OFS extract did not directly reduce the NBT
concentrations. (data not shown).
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Figure 4. Free-radical scavenging activity of OFS ethanol extract measured
using the DPPH assay. The direct scavenging activity of OFS extract (®)
and ascorbic acid (O) on DPPH radicals is expressed as the % inhibition.
The concentrations tested ranged from 1 to 40 ug/mL. The results are
the means of three separate experiments. Mean fluorescence intensity
100 Figure 6. Flow cytometry analysis of splenocytes. Splenocytes were
incubated using the G/GO system (10 mM glucose and 10 mU/mL glucose
80 oxidase) in the presence of 100 ug/mL OFS extract for 4 h at 37 °C.
DCFH-DA (25 «M) was then added for another 20 min, and fluorescence
.E 60 intensity was analyzed as described in the Materials and Methods section.
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Figure 5. Inhibitory effect of OFS ethanol extract on NBT reduction. The -;3 20
inhibitory effect of OFS extract was tested by monitoring NBT reduction
caused by superoxide anions using the hypoxanthine—xanthine oxidase 0
system, as described in the Materials and Methods section. The Cont 0 10 50 100

concentration of OFS extract ranged from 0.01 to 3 mg/mL. The results
are expressed as the mean values of triplicate experiments.

Concentrations (ug/mL)

) ] Figure 7. Protective effects of OFS extract on hydroxyl radical-mediated

_ Protective Effects of OFS Extract on Splenocyte Injury  spenocyte death. Splenocytes were exposed to hydroxyl radicals (from
induced by Glucose Oxidase-Mediated Radical$Ne further e /GO system, generated in the Haber-Wieiss reaction) for 4 h in the
investigated the antioxidant activity of OFS extract by measuring presence of OFS extract. Each bar represents the mean + SE of triplicate
the degree of DCF formatiori{gure 6) and the degree of cell  gyneriments and the figure shows a representative result from three
injury (Figure 7) induced by hydroxyl radicals generated Dy  separate experiments. *p < 0.05 and *p < 001 indicate significant
the Haber-Weiss reaction in the G/GO system. As shown in ierences between the experimental and control values.
Figure 6, the fluorescence intensity peak representing the DCF
content clearly shifted to the right in the presence of G/GO, in Figure 8, the OFS ethanol extract showed dose-dependent
indicating the presence of intracellular ROS. In contrast, the inhibition of DNA synthesis in splenocytes stimulated with 5
shift was greatly reduced in the splenocytes incubated in the ug/mL Con A, a T-cell mitogen. However, the OFS extract did
presence of 10@g/mL of OFS extract. Similarly, OFS extract not inhibit the proliferation of splenocytes stimulated with the
treatment significantly protected the splenocytes from G/GO- same dose of LPS, a B-cell mitogen. For example, treatment
mediated cytotoxicityKigure 7). For example, the addition of  with 200ug/mL of OFS extract significantly(< 0.01) reduced
50 and 10Qeg/mL of OFS ethanol extract increased the viability the tritium uptake of splenocytes by 26.4% compared to the
of splenocytes by 69.9- 2.88 p < 0.05) and 78.0t 3.05 control Con A treatment (158 001 cpm). These findings suggest
< 0.01), respectively, compared to that of G/GO treatment alone that OFS extract inhibits mitogen-mediated DNA synthesis in
(51.7%). These results are in accord with the previous observa-T lymphocytes rather than in B lymphocytes.
tions that OFS extract contains active scavengers of both Total Phenolic Content. The total phenolic content of OFS
hydroxyl radicals and superoxide anions. ethanol extract was determined spectrophotometrically using the

Effects of OFS Extract on DNA Synthesis in Splenocytes.  Folin—Ciocalteu method described in the Materials and Methods
Next, we determined the effect of OFS extract on DNA synthesis section (Table 2). As shown in the table, the OFS extract
in splenocytes using a tritium incorporation assay. As shown contained 180.3 mg/g total phenolic compounds, which was
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Figure 8. Effects of OFS extract on DNA synthesis in splenocytes.
Splenocytes were stimulated with 5 «g/mL Con A and LPS for 48 h in
the presence of OFS extract in the low serum condition and incubated in
the presence of 1 uCi/mL [methyl-3H] Thymidine for the last 12 h. Each
bar represents the mean + SE of triplicate experiments and the figure
shows a representative result from three separate experiments. *p < 0.05
and **p < 0.01 indicate significant differences between the experimental
and control values.

Table 2. Total Phenolic Content of the Ethanol Extract from OFS
Stem?

total phenolics®

sample (mg/g)
origin preparation of OFS stem® 3707
ethanol extract of OFS stem 180.3 + 18.6

@ Experiments were performed according to the Folin—Ciocalteu method, as
described in the Materials and Methods section. P The sample refers to freeze-
dried OFS before it was extracted with ethanol. ¢ Total phenolics are expressed
as GAE; each experiment was performed in triplicate and the results are the mean
+ SE.

Lee et al.

activity of plant and microbial extract2§, 27. In this assay,
the OFS ethanol extract exhibited powerful DPPH radical
scavenging activity and the activity was similar to that of
ascorbic acid Figure 4), suggesting that OFS extract is a
powerful natural antioxidant.

The possible pro-oxidant activity of OFS extract was also
assessed using deoxyribose assays, because it might become
biologically available to catalyze a free radical reaction at sites
of tissue injury, especially in advanced atherosclerotic lesions
and chronic inflammation2@). However, its ability to reduce
the FE"—EDTA complex, which represents its ability to
stimulate hydroxyl radical generation, was observed only when
low concentrations of the extract were added. High concentra-
tions of OFS extract did not show stimulatory activityaple
1). These results suggest that the pro-oxidant activity of OFS
extract is readily overwhelmed by the antioxidant potential of
the extract. Furthermore, when we consider the fact that the
iron ions that catalyze the free radical reaction are safely
sequestered within the human body, the limited pro-oxidant
activity of OFS extract is unlikely to impose a significant
problem in vivo.

Superoxide anions are the most common free radicals in vivo
and are generated in a variety of biological systems, either by
auto-oxidation processes or by enzymes. The concentration of
superoxide anions increases under conditions of oxygenative
stress and related situatior0( 29, 30. Moreover, superoxide
anions produce other kinds of cell-damaging free radicals and
oxidizing agents3l). Therefore, we used the NBT assay system
to test whether OFS extract scavenges superoxide anions. In
the system, xanthine oxidase, which is one of the main
enzymatic sources of ROS in vivo, generated superoxide
radicals, which consequently reduced NBT to yield blue
formazan. The active inhibition of the NBT reduction induced
by hypoxanthine-xanthine oxidase by OFS extr&igre 5)
suggests that OFS ethanol extract is a potential scavenger of
superoxide anions, as well as hydroxyl radicals.

These results proved the excellent antioxidant activity of OFS

much higher than that of the crude OFS preparation (3.7 Mg/ extract in cell-free ROS-generating systems. To further evaluate
0). These results suggest that the greater antioxidant activity ofthe antioxidant property of OFS extract in living cells, flow
OFS ethanol extract, compared to the crude OFS preparation.cytometry analysis was usegigure 6). In this experiment,

at the same concentration, is due to phenolic compounds.

DISCUSSION

treating the cells with OFS extract clearly inhibited the
mitigation of DCFH oxidation signals, which represents ROS-
generation within cells due to the G/GO system. Furthermore,
when the degree to which OFS ethanol extract protected against

We initially used an F&-dependent system to test the radical-induced cell injury was tested in cells using the MTT
scavenging activity of OFS ethanol extract on radicals generatedmethod, OFS extract significantly (< 0.01) prevented sple-
by iron, because hydroxyl radicals are known to be the most nocytes from death caused by hydroxyl radicdtig(re 7).
reactive of all the reduced forms of dioxygen and are thought Collectively, these results suggest that OFS extract effectively
to initiate cell damage in vivo2g). The results of ammonium  scavenges ROS and protects cells from radical-mediated injury.
thiocyanate and DNA nicking experiments showed thatthe OFS  geyeral active compounds, both synthetic and naturally
extract was an active scavenger of hydroxyl radicals, such thatoccyrring, exhibit antiproliferative activity against various cancer
linoleic acid oxidation and DNA nicking were significantly gl ines @2, 33 and these findings led us to postulate that
prevented by the presence of OFS ethanol extreigiufes 1 OFS extract regulates cell proliferation. OFS extract inhibited
and2). DNA synthesis in mitogen-stimulated splenocytes in a dose-

Next, we used a deoxyribose assay system to confirm the dependent manner, as expected, supporting our hypothesis
antioxidant activity of OFS ethanol extract, and found that the (Figure 8). However, the trypan blue staining experiment
extract strongly inhibited hydroxyl radical-induced deoxyribose showed that the viability of cultured splenocytes treated with
degradation in both site-specific and non-site-specific assays200ug/mL OFS extract for 24 h was about 90% that of control
(Figure 3). In particular, the OFS extract inhibited deoxyribose splenocytes (data not shown). This led us to hypothesize that
degradation by chelating iron ions rather than by scavenging the inhibitory effect of OFS ethanol extract on DNA synthesis
hydroxy! radicals directly. The indirect evidence of the scaveng- is due to cytostatic rather than cytotoxic effects, although the
ing activity of OFS extract on Fé-dependent hydroxyl-radical  exact mechanism by which OFS extract inhibits DNA synthesis
generation was further confirmed using a direct approach with in splenocytes needs to be clarified through additional experi-
DPPH radicals, a stable radical used to evaluate the antioxidantments.
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Finally, we examined the phenolic compound content of OFS  (3) Farr, D. R. Functional food<Cancer Lett 1997 114, 59-63.
ethanol extract using the FolirCiocalteu assay and compared ~ (4) Rice-Evans, C. A.; Miller, N. J.; Bolwell, P. G.; Bramley, P.
it with that of the crude OFS preparation, because phenolic M.; Pridham, J. B. The relative antioxidant activities of plant-
compounds are commonly found in plants and are reported to derived polyphenolic flavonoidszree Radical Res1995 22,
have multiple biological effects, including antioxidant activity 375-383. .

(32-37). As expected, the OFS ethanol extract has a much ‘(2& igg‘;ell’li';l‘é%rlggg Berg, H. Vitamins and canCancer
higher phenolic compound content than the crude OFS prepara- ©) Ibanez-Cémaého R Méckes-Lozoya M. Mellado-Campos, V
tion, supporting our hypothesigdble 2). This clearly explained P o Y

L 7 The hypoglycemic effect oOpuntia streptacanthatudied in
the reason for the antioxidant activity of OFS ethanol extract different animal experimental models.EthnopharmacolL983

at low concentrations and for the dose-dependent inhibition of 7, 175-181.

DNA synthesis. In similar reports, the enrichment of phenolic  (7) El Kossori, R. L.; Villaume, C.; El Boustani, E.; Sauvaire, Y.;
compounds within plant extracts is correlated with their Mejean, L. Composition of pulp, skin and seeds of prickly pears
enhanced antioxidant activityt$, 39. In addition, antioxidant fruit (Opuntia ficus indicasp.). Plant Foods Hum. Nutr1998
activity and the phenolic content of OFS extract were higher 52, 263-270.

than those of other Korean plant-derived foods such as ginger (8) Trejo-Gonzalez, A.; Gabriel-Ortiz, G.; Puebla-Perez, A. M.;
root, balloon-flower root, and spinach, suggesting that OFS Huizar-Contreras, M. D.; Munguia-Mazariegos, M. R.; Mejia-
could be used as an antioxidant-rich functional foad, (13, Arreguin, S.; Calva, E. A purified extract from prickly pear cactus

(Opuntia fuliginosa controls experimentally induced diabetes
in rats.J. Ethnopharmacol1996 55, 27—33.

(9) Gurrieri, S.; Miceli, L.; Lanza, C. M.; Tomaselli, F.; Bonomo,
R. P.; Rizzarelli, E. Chemical characterization of sicilian prickly
pear Opuntia ficus indicgand perspectives for the storage of

39). Moreover, total phenolic content of OFS ethanol extract
was 7.78-fold higher than that (23.2 mg/1 g) of ethanol extract

of the leaves fronRumex crispus., which is a perennial wild

plant and has been consumed as a vegetable and used as a

Turkish folk medicine 40). Studies on the chemical composition its juice. J. Agric. Food Chem200Q 48, 5424-5431.

of the plant-derived functional foods reported tBgtuntia ficus- (10) Galati, E. M.; Tripodo, M. M.; Trovato, A.; Miceli, N.; Monforte,
indica (L.) Mill., the main plant source for natural colorants, M. T. Biological effect of Opuntia ficus indica(L.) Mill.
betalains, was found to be a potential antioxidant against ABTS (Cactaceae) waste matter. Note I: diuretic activityEthnop-
free radicals 41, 42. However, the cactus species used in the harmacol 2002 79, 17—-21.

study was different from the OFS used in this study 11). (11) Lee, Y. C,; Hwang, K. H.; Han, D. H.; Kim, S. D. Compositions
Furthermore, considering the condition to prepare the OFS of Opuntia ficus indicdin Korean).Korean J. Food Sci. Technol
ethanol extract, we strongly assume that the antioxidant action 1997 29, 847-853.

of OFS was not evolved from a single compound such as (12 gr?gl JY.V’\\II.;MCohn?J(;nI;eLg;’d;s.ecé;irﬁﬂh?k?i?ér\s(.frlts;mKtifr::a’ f?ditts)';f
gSéﬂaégsquiZ?r?ggj r?]r;(:istﬁitgxggzhG?;nt:ﬁqtsfrom flavonoids, Opuntia ficus-indicavar. sabotenArch. Pharm. Res2001, 24,
L ! ’ . 51-54.
In summary, it is well understood that the generation of ROS

. ) . L (13) Lee, J. C.; Lim, K. T. Effects of cactus and ginger extracts as
beyond the capacity of a biological system to eliminate them dietary antioxidants on reactive oxidant and plasma lipid level.

gives rise to oxidative stress. This stress may play a role in Food Sci. Biotechnol200Q 9, 83—88.

several diseases, such as heart disease, degenerative neuronglh4) Lee, J. C.; Jung, H. Y.; Lim, K. T. Biological function of the
disease, and cancer$, (29, 43, 43 Furthermore, many extracts fromFicus caricaLinnaeus (FCL)J. Toxicol. Public
biochemical and clinical studies suggest that natural and Health 1999 15, 353-361.

synthetic antioxidant compounds are helpful in treating diseases (15) Lee, J. C.; Lim, K. T.; Jang, Y. S. Identification &hus
mediated by oxidative stresses. Our study demonstrated that an verniciflua Stokes compounds that exhibit free radical scavenging

ethanol extract from OFS stem has excellent antioxidant and anti-apoptotic propertieBiochim. Biophys. Acta002 157Q
activities. Hence, it is worthwhile to investigate the potential 181-191. _ _
16) Halliwell, B.; Gutteridge, J. M. C.; Aruoma, O. |. The deoxyri-

effectiveness of OFS in preventing oxidative stress-mediated
disease further. Consequently, studies examining the composi-
tion of the OFS ethanol extract and determining the specific
compounds responsible for its antioxidant activity, using bio- (17) Laughton, M. J.: Halliwell, B.; Evans, P. J.; Hoult, J. R.
organic chemistry, mass spectrometry, and NMR spectrometry, Antioxidant and pro-oxidant actions of the plant phenolics
are In progress. quercetin, gossypol and myricetin. Effects on lipid peroxidation,
ABBREVIATIONS USED hydroxyl rgdical generation and bleomycin-dependent damage
to DNA. Biochem. Pharmacolfl989 38, 2859-2865.

bose method: simple “test-tube” assay for determination of rate
constants for reactions of hydroxyl radicaal. Biochem1987,
165 215-219.

Con A, Concanavalin A; DCFH-DA,'2"'-dichlorofluorescin (18) Takao, T.; Kitatani, F.; Watanabe, N.; Yagi, A.; Sakata, K. A
diacetate; GAE, gallic acid equivalents; G/GO, glucose/glucose simple screening method for antioxidants and isolation of several
oxidase; HO,, hydrogen peroxide; LPS, lipopolysaccharide; antioxidants produced by marine bacteria from fish and shellfish.
MTT, 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl! tetrazolium bro- Biosci. Biotechnol. Biochen1994 58, 1780-1783. _
mide; NBT, nitro blue tetrazolium@H, hydroxy! radical: @, (19) Gyamfi, M. A.; Yonamine, M.; Aniya, Y. Free-radical scavenging

action of medicinal herbs from Ghan&honningia sanguinea

superoxide anion; OF$)puntia ficus-indicarar. sabotenROS, on experimentally-induced liver injurie&en. Pharmacol1999

reactive oxygen species; SOD, superoxide dismutase.

32, 661-667.
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