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AP : amyloid-B peptide, APP : amyloid-p precursor protein, BACEI1 : p-secretase 1/beta-site APP cleaving enzyme 1,

B-CTF : C-terminal fragment of B-cleaved APP, sAPPp : soluble amyloid precursor protein f.
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NTST4—IC& BHaH

A ru< 7T 74 —=12L 550, B

REMGH L > & —IKEE L 720 BARIIZIE,
Matsunaga b D 7{E Y (25> T, ¥ S
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%
&I, 1P3, TP4, IP5, KUV IP6 (SS) %
% in vitro DEERTEEIERIZB W T A B =
BACEI % [HET % 7 &9 2t L7z, N
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Cytoprotective Effects
of Opuntia Ficus-Indica Extract
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Abstract.
Background: Hundreds of previous studies have suggested the beneficial effects of nopal extract on human
body. We investigated here whether nopal extract shows cytoprotective activity against viral infection,
ultraviolet (UV) irradiation and chemotherapeutic drug treatment used in the dentistry.
Materials and methods: The water and ethanol extract of Opuntia ficus-indica (WEO and EEO,
respectively) were prepared. The viability of the mock-infected, HIV-infected, UV-irradiated, drug-
treated cells without or with the extract was determined by MTT method. Radical scavenging activity was
determined colorimetrically and by ESR spectroscopy.
Results: Both extracts did not show anti-HIV activity, but protected the cells from cell injury induced
by UV-irradiation, possibly due to the slight inhibition of caspase-3 activation. WEO dose-dependently
scavenged the superoxide anion, hydroxyl and DPPH radicals. WEO also significantly inhibited
cytotoxicity of methotrexate, doxorubicin and 5-FU.
Conclusion. The present study suggests that the cytoprotective activity of nopal extracts against UV and

anti-tumor agents may be partly due to its radical scavenging activity.
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Introduction
Herbs have been worldly recognized as medicine
for thousands of years to cure diseases and heal
wounds. Recently, it has been found that some
components in fruits, vegetables and seeds have
anticancer effects. Herbs and natural products
usually show lower toxicity, as compared with
chemotherapeutic agents, thus have been accepted
as alternative medicines. Nopales (from the Nahuatl
word nopalli for the pads) are vegetables made
from the young cladode (pad) segments of prickly
pear, carefully peeled to remove the spines. These
fleshy pads are flat and about hand-sized, having

a purple or green color. They are particularly

Figure 1. Panoramic (A) and magnified (B) view of
Opuntia Ficus-indica grown in Mexico.

Table 1. Biological activity of nopal extract

common in their native Mexico, where the plant
is eaten commonly and regularly forms a part of
mexican cuisine dishes. Nopal is often known as
the Opuntia ficus-indica (OFI) specie, although
the pads of almost all Opuntia species are edible.
Cactus pear contains pectin, carotenes, betalains,
ascorbic acid, quercetin and its derivatives all of
which have antioxidant activity.

The water extract of OFI has been reported to
show diverse beneficial biological activities, such
as hypoglycemic activity,” anti-arteriosclerosis
activity,” reduction of cholesterol and fat levels,”
immunopotentiation,? stimulation of digestion,”
anti-ulcer activity,® colon cleansing,” anti-obesity
activity,® hepatic activation,” renal activation'®
and alleviation of alcohol hangover (Table 1).'V
These properties provide the basis for the nation-
wide use of nopal extract for the treatment of
diabetics in Mexico. To search for new biological
activity of nopal extract, we investigated whether
the water extract (referred to as WEO) and ethanol
extract (referred to as EEO) of OFI protect the cells
from injury induced by viral infection, ultraviolet
irradiation, and from the treatment with several

chemotherapeutic drugs targeted to oral squamous

Biological activity Components Ref.
Hypoglycemic activity Low calories and sodium 1
Anti-arteriosclerosis activity Amino acids, fiber, vitamins 2
Reduction of cholesterol and fat levels  Fiber, sterols 3
Immunopotentiation Phytochemicals 4
Stimulation of digestion Vitamins, minerals, fiber, pectin, mucilage, gum, amino acids. 5
Anti-ulcer activity Mucilage. 6
Colon Cleansing Fiber 7
Anti-obesity activity Fiber 8
Hepatic activation Flavonoids. 9
Renal activation Anti- inflammatory diuretic. 10
Alleviation of alcohol hangover Rehydrate the body. 1
Anti-HIV activity Water and ethanol extracts This study
(negative data)

Anti-UV activity Water and ethanol extracts This study

Cytoprotection against 5-FU

Water extract

This study
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cell carcinoma.'?

Materials and Methods

Materials. The following chemicals and reagents
were obtained from the indicated companies:
Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco BRL, Grand Island, NY, USA); fetal bovine
serum (FBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), hypoxanthine
(HX), xanthine oxidase (XOD), diethylenetriami
nepentaacetic acid (DETAPAC), 5,5-dimethyl-1-
pyrroline-N-oxide (DMPO), RPMI 1640 medium,
doxorubicin (DXR), (+)-6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (trolox)
(Sigma-Aldrich Co., St. Louis, MO, USA); dimethyl
sulfoxide (DMSO), dextran sulfate (5 kD) (Wako
Pure Chem. Ind., Ltd., Osaka, Japan); fluorouracil
(5-FU) (Kyowa, Tokyo, Japan); sodium ascorbate,
trans-ferulic acid (Tokyo Chemical Industry
Co., Ltd., Tokyo, Japan); curdlan sulfate (79 kD;
Ajinomoto Co. Inc., Tokyo, Japan); methotrexate
(MTX) (amethopterin, Nacalai Tesque, Inc.,
Kyoto, Japan), gefitinib (LC Laboratories, PKC
Pharmaceuticals, Inc., MA, USA); 1,1-diphenyl-2-
picrylhydrazyl (DPPH) were obtained from Tokyo
Chemicals Industry Co., Ltd. (Tokyo, Japan)..

Preparation of nopal extracts. The leaves of
OFI (262 g) were cut into pieces of 1 x 10 cm
and then extracted twice with water (400 ml) and
after that twice with ethanol (400 ml) for 1 day at
room temperature. The extracts were removed by
evaporation in vacuo at 40°C to obtain water (WEO:
2.7 g) and ethanol (EEO: 2.0 g) extracts of OFI,

respectively.

Assay for anti-HIV activity. Human T-cell leukemia

virus I (HTLV-I)-bearing CD4 positive human T

cell line, MT-4 cells, were cultured in RPMI 1640
medium supplemented with 10% FBS and infected
with HIV-1;;5 at a multiplicity of infection of
0.01. The HIV- or mock-infected (control) MT-4
cells (3 x 10* cells/96-microwell) were incubated
for five days with various concentrations of test
samples and the relative viable cell number was
determined by MTT reagent colorimetric method.
The 50% cytotoxic concentration (CCs,), and the
concentration that increased the viability of HIV-
infected cells to 50% of the untreated control level
(EC5y) were determined from the dose-response
curve with mock-infected or HIV-infected cells,
respectively. The anti-HIV activity was evaluated
by the selectivity index (SI), which was calculated

by the following equation: SI=CCs,/ECs, .

Assay of anti-UV activity. Human oral squamous
cell carcinoma HSC-2 cells were inoculated into
96-microwell plates (3 x 103 cells/well, 0.1 ml/well)
and incubated for 48 hours to allow cell attachment.
The culture supernatant was replaced with 100
pl phosphate-buffered saline without magnesium
and calcium [PBS(-)] that contained various
concentrations of test substances, placed at 21 cm
distance from a UV lamp (wavelength: 253.7 nm)
and exposed to UV irradiation (6 J/m*/min) for 1
min. The cells were then incubated for a further 48
hours in DMEM containing 10% FBS to determine
the relative viable cell number by the MTT method.
From the dose-response curve, the CCs, and the
concentration that increased the viability of UV-
irradiated cells to 50% of the untreated control level
(ECs) were determined. The SI was determined by
the following equation: SI=CCsy/ECy, .1+

Assay for caspase activation. Cells were washed

with cold PBS(-) and lysed in lysis buffer. After
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standing for 10 min on ice and centrifugation for
10 min at 10,000 xg, the supernatant was collected.
Caspase-3 activity in the cell lysate was measured
by substrate cleavage assay. In brief, the lysate
(50 pl, equivalent to 100 pg protein) was mixed
with 50 pl reaction buffer containing substrates for
caspase-3 [DEVD-pNA (p-nitroanilide)]. After
incubation for 3 hours at 37°C, the absorbance at
405 nm of the liberated chromophore pNA was

measured by microplate reader.!> 19

Measurement of DPPH scavenging activity and
concentration of polyphenol. DPPH was dissolved
in methanol (25 mM) and mixed with an equal
volume of WEQO, EEO or trolox (total volume: 200
ul), then kept at 4 °C for 30 min. The absorbance
at 540 nm of each solution was measured by
microplate reader (Multiskan, Biochromatic Lab
System, Osaka, Japan). From the dose-response
curve, the concentration that reduces the DPPH
radical intensity by 50% (ICs,) was determined,
and the DPPH radical scavenging activity was
expressed as trolox equivalent value (pmol-trolox
equivalent/100 g). To evaluate the concentration of
polyphenol in both extract, Folin-Denis method was
carried out. Briefly, 25 pl of diluted each extract,
25 ul of 2N phenol regent and 125 pl of IN NaOH
were mixed, then kept at room temperature for 30
min. The absorbance at 630 nm of each solution

was measured by microplate reader.

Measurement of radical scavenging activity by
electron spin resonance. The radical intensity was
determined at 25°C, using electron spin resonance
(ESR) spectroscopy (JEOL JES REIX, X-band,
100 kHz modulation frequency, JEOL Ltd., Tokyo,
Japan).!” The instrument settings were: centre

field, 335.5+5.0 mT; microwave power, 16 mW;

modulation amplitude, 0.1 mT: gain, 630; time
constant, 0.03 sec and scanning time, 2 min. For
the determination of the superoxide anion (in the
form of DMPO-OOH), produced by the HX-XOD
reaction (total volume: 200 pl) [2 mM HX in 0.1
M phosphate buffer (PB) (pH 7.4) 50 pl, 1 mM
DETAPAC 10 pl, 8% DMPO 30 pl, sample (in PB)
40 pl, PB 40 pl, XOD (0.5 U/ml in PB) 30 pl], the
time constant was changed to 0.03 sec. For the
determination of the hydroxyl radical (in the form of
DMPO-OH), produced by the Fenton reaction (200
ul) [1 mM FeSO, (containing 0.2 mM DETAPAC)
50 ul, 0.1 M PB (pH 7.4) 50 pl, 92 mM DMPO 20
pl, sample (in H,O) 50 pl, 1 mM H,0,, 30 pl], the
gain was changed to 160. The concentration that
reduced the radical intensity of DMPO-OOH and
DMPO-OH by 50% (ICs,) was determined from the

dose-response curve.

Cytoprotective activity against chemotherapeutic
agents. HSC-2 cells were inoculated at 1.5x10°
cells/96-microwell and incubated for 72 hours to
allow the complete attachment. The cells were
replaced with fresh culture medium and incubated
for 48 hours without (control) or with each
chemotherapeutic drug: 5-FU (4~1000 uM), DXR
(0.016~4 pM), MTX (0.39~100 uM) or gefitinib
(0.04~320 pM) in the presence of 50, 500 or
5,000 pg/ml of WEO. The viable cell number was
determined using the MTT method.

Statistical analysis. Statistical analysis for multiple
comparison between groups was performed using
one-way or two-way ANOVA those were followed
by Bonferroni multiple ¢-test as post hoc test by
SPSS II (IBM, New York, USA). Student’s ¢-test
was carried out to analyze statistical difference

between two groups. Differences were considered
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significant at P < 0.05. Results are presented as

mean + standard deviation (SD).

Results
Anti-HIV activity. Water extract (WEQ) and ethanol
extract (EEO) of OFI did not protect the cells from
cytopathic HIV infection (SI=><1), in contrast to
the potent anti-HIV activity of popular anti-HIV
substances: dextran sulfate (SI=160), curdlan sulfate

(SI=781), AZT (SI=6931) and ddC (SI=905) (Table 2).

Anti-UV activity and caspase-3 activation. UV
irradiation reduced the viable cell number (Fig-
ure 2) by inducing the cell death characterized by
marginal activation of caspase-3 in HSC-2 cells
(Figure 3). The addition of WEO reduced the UV-

induced cell damage, increasing the viable cell

150

number (Figure 2A). Such protective effect of
WEO was detected at concentrations slightly lower
than the cytotoxic concentration, yielding the SI
value of 6.0 (Table 3, WEO-Exp. I). Similar results
were obtained in other 3 independent experiments

(Exp. I, IIT and IV in Table 3), yielding the mean

Table 2. Anti-HIV activity of OFl extract

CC50 EC50 Sl

WEO (ug/ml) >500  >500 ><1
EEO (ug/ml) >500  >500 ><1
<Positive controls>

Dextran sulfate (ug/ml) 125 0.78 160
Curdlan sulfate (ug/ml) 453 0.58 781
AZT (uM) 201 0.029 6931
ddC (uM) 1991 2.20 905

Each value was determined from the dose-response curve

with triplicate assay at each concentration. DS: dextran
sulfate, CRDS: curdlan sulfate.

A

—@—-UV(+)
—O-uw()
100

AN

>—H—0’"// sme0

0 ¢ : ‘ ‘ ‘ ‘

0 008 016 031 063 125 25 5 10
WEO (mg/ml)
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0 008 016 031 063 125 25 5 10 20
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Viable cell number (%)
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,_fa// Sl=14.2 \ | SI=86.5
046 " ) ) ) ) ) 0 , , , , , ,

150

0 0.13 026
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0 013 026 05 1 2 4 8 16 32
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Figure 2. Representative anti-UV activity of nopal extract and two positive controls (trans-ferulic acid and sodium
ascorbate) from one of two - four repeated investigations. HSC-2 cells were exposed ( @ ) or not (O ) to 1 min-

UV irradiation in PBS(-) containing the indicated concentrations of WEO (A), EEO (B), trans-ferulic acid (C) or sodium
ascorbate (D). Viable cell number was determined by MTT method 48 hours after incubation in regular culture
medium, expressed as % of control (non-irradiated and incubated without compound). Each value represents mean

+ S.D. of triplicate determinations.
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Table 3. Anti-UV activity of OFI extracts

CCso (mg/ml) ECs0 (mg/ml) Sl

WEO (Exp. I) 20.5 34 6.0
WEO (Exp. Il) 17.4 2.7 6.4
WEO (Exp. Ill) 20.7 34 6.1
WEO (Exp. IV) 14.4 4.8 3.0
mean=S.D. 5.4+1.6
EEO (Exp. 1) 16.8 42 4.0
EEO (Exp. Il) 4.7 1.3 3.6
EEO (Exp. lll) 16.9 3.9 43
EEO (Exp. IV) 73 3.6 20
mean+S.D. 3.5+1.0
trans-Ferulic acid (Exp. 1) (mM) 10.8 0.8 14.2
trans-Ferulic acid (Exp. Il) (mM) 10.9 0.8 14.3
Mean 14.3
Sodium ascorbate (Exp. I) (mM) 29.4 0.3 86.5
Sodium ascorbate (Exp. Il) (mM) 35.8 0.5 70.2
Sodium ascorbate (Exp. Ill) (mM) 11.8 0.8 14.6
mean+S.D. 57.1+37.7

Each value was determined from dose-response curve which was done with triplicate assays at each concentration.

0.25

0.20 UV(-) UV (+)

0.10

Caspase-3 activity (A405)

%

0.05

Figure 3. Effect of WEO on irradiation-
induced caspase-3 activity. *: P <0.01
(Bonferroni t-test, vs. UV-HL).

Control WEO Control WEO

#x P <0.01

value of SI of 5.4 +1.6. EEO showed similar, but
slightly lower UV protective activity (SI=4.0) (Fig-
ure 2B, EEO-Exp. I in Table 3). Similar results
were obtained in other 3 independent experiments
(EEO-Exp. I, IIT and 1V in Table 3), yielding the
mean value of SI of 3.5+1.0. However, the anti-UV

activity of WEO and EEO was much less than that

UV-HL

of trans-ferulic acid (SI=14.3) and sodium ascorbate
(SI=57.1+£37.7) (Figure 2C, 2D) (Table 3).
Although there were significant (One way
ANOVA: F(4,14) = 15.1, P < 0.01; Bonferroni
multople #-test: P < 0.01) difference from apoptotic
HL-60 cells (induced by UV irradiation), UV
irradiation of HSC-2 cells slightly increased the
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caspase-3 activity. Application of WEO (5,000 pg/
ml), at the time of UV irradiation, did not increase
the caspase-3 activity. WEO alone did not affect
the caspase-3 activity in HSC-2 cells (Figure 3).

Radical scavenging activity and concentration of
polyphenol. WEO and EEO showed the DPPH
radical scavenging activity. For quantitative
comparison, ICs, for radical scavenging activity
of both extracts was calculated and standardized
with the radical scavenging activity obtained from
trolox as control (Table 4). There were significant
(One way ANOVA: F(2,8) = 1189.7, P < 0.01;
Bonferroni multiple #-test: P < 0.01) differences
between WEO, EEO and trolox, respectively. The
radical scavenging activity of WEO was confirmed
by electron spin resonance. WEO dose-dependently
scavenged the superoxide anion, detected as
DMPO-OOH radical (generated by hypoxanthine-
xanthine oxidase reaction) and hydroxyl radical,
detected as DMPO-OH radical (generated by Fenton
reaction), with the 50% inhibitory concentration
of 2450 and 1540 pg/ml, respectively (Table 4).
The concentration of polyphenol in both extract
was examined. WEO contained significantly (P <
0.01; Student’s t-test) higher amount of polyphenol
compared with EEO.

Cytoprotective activity against chemotherapeutic
drugs. Since WEO showed higher anti-UV activity
and radical scavenging activity compared with
EEO (see above), we investigated the cytoprotective
activity of WEO against chemotherapeutic drugs.
Application of WEO reduced the cytotoxicity of
some chemotherapeutic drugs, except gefitinib(D)
(Figure 4). The DXR-induced dose-dependent
reduction of viable cell number was significantly
(dose of WEO: F(3,119) = 13.7, P < 0.01; dose of
DXR: F(9,119) = 291.4, P < 0.01; WEO x DXR:
F(27,119) = 3.1, P < 0.01; Two way ANOVA)
inhibited by co-application of WEO (500 pg/ml: P
< 0.05, 5,000 pg/ml: P < 0.01; Bonferroni multiple
t-test) (Figure 4B).

The MTX-induced reduction of viable cell number
was significantly (dose of WEO: F(3,119) =32, P <
0.05; dose of MTX: F(9,119) =22.8, P < 0.01; WEO x
MTX: F(27,119) =29, P < 0.01; Two way ANOVA)
affected by co-application of WEO, depending
upon the concentrations of WEO, however, there
was no significant (P > 0.05) difference between
concentration of WEO (Bonferroni multiple
t-test) analysis (Figure 4C). Since MTX-induced
cytotoxicity was already observed at 0.39 uM and
did not increase in a dose-dependent manner, the
data was separated into lower dose (0-3.1 uM) and

higher dose (6.3-100 uM) for further analysis. At

Table 4. Effect of WEO on the radical intensity of superoxide anion and hydroxyl radicals.

Superoxide Hydroxyl DPPH free radical scavenging activity Concentration
anion radical radical of polyphenol
(DMPO-OOH) (DMPO-OH) ICso (ug/ml) (trolox eq. (mg gallic acid
ICso (ua/ml) ICso (ug/ml) umol/1009)  aquivalent /100g)
WEO 2450 1540 1220+90 &< 21518 49.8+2.0 **
EEO 2320440 2P 8.3+0.2 18.4+2.3
Trolox 6.3420.1 b< - -

The value of DMPO-OOH and PMPO-OH assay were obtained from triplicate assays. The value of DPPH was obtained from
three repeated triplicate assays. a: P < 0.01 vs. trolox, b: P < 0.01 vs. WEOQ, c: P < 0.01 vs. EEO; Bonferroni multiple t-test. **: P < 0.01;

Student’s t-test.
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Viable cell number (%)
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Figure 4. Effect of WEO on the cytotoxicity induced by representative chemotherapeutic drugs. HSC-2 cells were
incubated for 48 hours with 5-FU (A), DXR (B), MTX (C) or gefitinib (D) in the presence of 0 (control) (@), 50 ([]),
500 ( A\ ) or 5,000 ( <) ug/ml WEO, and the viable cell number was determined by MTT method.

lower concentrations, MTX-induced reduction of
viable cell number was significantly (dose of WEO:
F(3,59) = 10.2, P < 0.01; dose of MTX: F(4,59) =
317, P < 0.01; WEO x MTX: F(27,59) =33, P <
0.01; Two way ANOVA) inhibited by co-application
of WEO (5,000 pg/ml: P < 0.01; Bonferroni
multiple ¢-test). On the other hand, at higher
concentrations, no significant (P > 0.05; Two way
ANOVA) difference was observed with or without
co-application of any dose of WEO.

The 5-FU-induced reduction of viable cell number
was significantly (dose of WEO: F(3,119) = 46.0, P <
0.01; dose of 5-FU: F(9,119) = 58.0, P < 0.01; WEO
x 5-FU: F(27,119) = 1.1, P> 0.05; Two way ANOVA)
inhibited by co-application of WEO (5,000 pg/ml: P
< 0.01; Bonferroni multiple #test) (Figure 4A).

Discussion
High molecular weight polysaccharides and lignin-
carbohydrate complex are easily extractable by hot-

water or alkaline solution and thus be expected to

be present in higher amounts in the water extract,
but the complete determinations of the chemical
structures have never been achieved due to the
structural complexity. On the other hand, tannins,
flavonoids, terpenes and some saponins are mostly
difficult to be dissolved in water, but more easily
extractable with methanol, and the structures of
thousands of compounds have been identified.
These low molecular weight compounds are thus
expected to be present in lower amounts in the water
extract.' Therefore, the information of how much
these lower molecular materials are present in hot-
water extract of nopal is limited, and thus should be
pursued. Several flavonoids have been isolated from
the EEO of OFI, including (+)-dihydroquercetin
(taxifolin), quercetin 3-methyl ether,'” kaempferol
3-methyl ether, quercetin 3-methyl ether,
narcissin, (+)-dihydrokaempferol (aromadendrin),
eriodictyol, and two terpenoids; (65,95)-3-ox0-a.-
ionol-B-D-glucopyranoside and corchoionoside

C,?” kaempferol and quercitrin,*" isorhamnetin
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3-0-(6”-0-E-feruloyl)neohesperidoside, (6R)-
9,10-dihydroxy-4,7-megastigmadien-3-one-9-O-
B-D-glucopyranoside,?” showing neuroprotective
effects!” and antidepressant effects?® by their
antioxidative actions.

The present study demonstrated several novel
biological features of nopal extract (Table 1).
Neither WEO nor EEO showed any anti-HIV
activity, however protected the cells from UV
irradiation. WEO showed slightly higher anti-
UV activity (SI=5.4x1.6) than EEO (SI=3.5+1.0).
The anti-UV activity is slightly higher than the hot
water extracts of green tea (SI=3.4), black tea (SI<1),
Jasmin tea (SI<1) and Oolong tea (SI<1),? although
it was much lower than that of anti-oxidants such
as sodium ascorbate (SI=57.1) and trans-ferulic
acid (SI=14.3) (Table Ill). UV irradiation-induced
cell death is observed in broad cell lines, however,
there are distinct differences in the morphological
and biochemical features (e.g., type of cell death
and activated enzyme) between cell lines.>® In the
present study, UV irradiation induced cell death in
both HSC-2 and HL-60 cells, however, significant
increase of caspase-3 was observed only in HL-60
cells. This result is consistent with our recent
report that UV irradiation induced the production
of large DNA fragmentation and minor capase-3
activation in HSC-2 cells, without induction of
internucleosomal DNA fragmentation.'> The
UV-protection activity may be further enhanced
by separating the protective substances from
cytotoxic substances by column chromatography.
We also found that WEO showed scavenging
activity against superoxide anion and hydroxyl
radical, although these scavenging activity (ICs,:
superoxide=2450 pg/ml, hydroxyl radical=1540 pg/
ml) is approximately three orders lower than that

of sodium ascorbate (ICs,: superoxide=2.5-25 uM,

hydroxyl radical=25-125 pM).>» The UV protective
activity of WEO and EEO may be derived from
its radical scavenging activity (Table 4). DPPH
free radical was scavenged by both WEO and
EEO, however, WEO showed significantly higher
scavenging activity compared with EEO and it
also related with the concentration of polyphenol.
By comparing with other plant extracts,?®
higher amount of OFI-contained polyphenol was
required to obtain equivalent scavenging activity.
Furthermore the existence of those polyphenol
might be related to the appearance of cytoprotective
activity of WEO against several chemotherapeutic
drugs (Figure 4). When higher concentration (5,000
png) of WEO was added, cytotoxic effects of DXR,
MTX and 5-FU were significantly inhibited. In
particular, the cytotoxicity of lower dose of MTX
and 5-FU were almost completely inhibited and
that cytoprotective activity of WEO was remained
when dose of 5-FU was increased up to 1,000 pM.
The identification of chemopreventive agent(s)
without toxic side effects may lead to the future
establishment of treatment strategy. Previous studies
have suggested that anti-carcinogenic properties of
herb extracts and synthetic retinoids may due, in
part, to the antioxidant effect, further confirming
the oxidative damage as an important etiologic risk
factor for many diseases, including cancer and heart
disease. OFI extracts contain multiple antioxidants
that can reduce oxidative damage like other plant
extracts.'”

The mechanism of anti-cancer effect of OFI
extracts is not yet completely understood, even
though it has been demonstrated that OFI extracts
increased the expression of annexin IV, a Ca?*-
dependent membrane-binding protein, while it
decreased the expression of vascular endothelial

growth factor (VEGF) in several tumors. This
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suggests that OFI extracts may inhibit the "chemical". It remains to be investigated whether
angiogenesis that is involved in the tumor growth WEO shows cytoprotective activity against various
and metastasis.?” Therefore OFI extracts could normal cells as well as cancer cell lines, in order
be such a candidate in cancer prevention, and. to elucidate the mechanism and selectivity of it
promising for long-term use, considering that cytoprotective activity.

they are safe food-derived products distinct from
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