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ABSTRACT. Opuntia humifusa is a member of the Cactaceae family. In the present study, the
antioxidant, nitric oxide (NO) inhibitory activities and potential irritation response of the fermented
Opuntia humifusa cladodes (FOH) were investigated for cosmetic use. Antioxidant activities were
tested using 1,1-diphenyl-2-picrylhydrazyl (DPPH) and xanthine oxidase assay, we found that FOH
could scavenge DPPH free radicals and inhibit xanthine oxidase activity in a dose dependent man-
ner, with IC;, of 2599.46 ug/mi and 721.38 ug/ml, respectively. To investigate the possibie anti-.
inflammatory effects of FOH, RAW 264.7 macrophages were pretreated with FOH (0~400 ug/ml) for
30 min and then treated with LPS for 24 h. We found that cell number did not vary significantly with
the treatment of FOH, and FOH did not show any inhibitory effects on LPS-induced NO production.
After application of FOH to rabbits for skin and eye irritation test, the experimental sites did not
show any response compared to the control. FOH were considered to be a non-irritant to the skin
and eye. Based on the above information, we suggest that FOH can be considered to be a non-irri-

tant base cosmetic material for safely use.
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INTRODUCTION

The cactus Opuntia (genus Opuntia, subfamily Opun-
tioideae, family cactaceae) is a xerophyte producing
about 200~300 species and is mainly growing in arid
and semi-arid zones. Traditionally and still today, cac-
tus plants serve as sources for fruits and vegetables as
well as for medicinal and cosmetic purposes (Stintzing
and Carle, 2005). For achieving these purposes, two
kinds of Opuntia spp. (O. humifusa and O. ficus-indica)
have been cultivated in Korea.

O. ficus-indica has been reported that it has radical
scavenging activity towards superoxide and hydroxyl
anions (Lee et al., 2002; Dok-Go et al., 2003), but it can
not grow in cold weather. O. humifusa can be culti-
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vated in Korean winter, even with temperatures reach-
ing below -20°C (Goldstein and Naobel, 1994). Till now,
there is little information on biological activity of O.
humifusa despite a lot of practical applications.

There may be not a new material, although Cho
et al. (2008) had reported the radical scavenging and
anti-inflammatory activity of extracts from O. humifusa
recently. In previous study, the ferment of O. humifusa
cladodes (FOH) showed the inhibition on proliferation of
CaSki and SiHa cells in a dose response manner, while
the juice extracted from raw O. humifusa cladodes did
not show such effects (Choi et al.,, 2005). It indicated
that O. humifusa cladodes after fermentation could exert
novel biclogical activities.

Overproduction of free radicals can cause oxidative
damage to ‘biomolecules (e.g., lipids, proteins, and
DNA), eventually leading to many chronic diseases,
such as atherosclerosis, cancer, diabetes, aging, and
other degenerative diseases in humans (Halliwell, 1994;
Poulson et al., 1998; De Souza et al., 2004). Free radi-
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cals may also be a contributory factor in a progressive
decline in the function of the immune system (Pike and
Chandra, 1995). Many investigations indicated that anti-
oxidants like some flavonoids could modulate the LPS-
mediated cytokine production and the release of inflam-
matory mediators such as nitrite oxide (NO) and pros-
taglandin E, (Gerhauser ef al., 2003; Saha et al., 2004).
Moreover, in cosmetic industry, consumption of antioxi-
dants from plant materials that inhibit free radical forma-
tion or accelerate their elimination is important to protect
the aging process of skin. Therefore, in the present
work, we have screened the anti-oxidative, NO inhibi-
tory activities in vitro and the irritation activity in rabbits
for making a novel biomaterial obtained by fermenta-
tion for cosmetics.

MATERIALS AND METHODS

Preparation of the fermented liquid of O. humifusa
cladodes (FOH)

O. humifusa was collected in October from the prov-
ince of Asan, Korea. The fresh cladodes juice (1,000
kg) was extracted by an extruder under high pressure,
and then homogenized to make cladodes juice. For
fermentation, Saccharomyces cerevisiae (ATCC 7754)
purchased from ATCC (American Type Cell Collec-
tions, USA) was cultured and harvested for using as

seed culture. The cladodes juice (1,000 kg) was added

with black sugar by 5% (w/v) and S. cerevisiae by 10%
(viv; 10° CFU/mI) and then fermented in 3-ton tank at
30°C for 10 days. The fermented liquid was filtered by
diatomite, and the filtrate was lyophilized.

Assays for 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging activity

The DPPH free radical scavenging activity of FOH
was assessed using the method described by Abe ef
al. (1998) with slight modification. Samples were diluted
with distilled water (DDW) to make trial samples of dif-
ferent concentrations. The reaction mixture contained
1 ml of 0.5 mM DPPH-ethanol solution, 0.9 ml of 10 mM
acetate buffer (pH 5.6) and 0.1 ml of either test sam-
ples with different concentration respectively or DDW
(control). The mixture reacted at room temperature for
30 min, and then the absorbance values were mea-
sured at 517 nm and converted into the percentage
antioxidant activity, which was expressed as the per-
cent decrease in the absorbance compared with the
control. The experiments were performed in triplicate.

Assays for the inhibition of xanthine oxidase (X.0.)
Samples were diluted with 50 mM phosphate buffer

(pH 7.4) to make trial samples of different concentra-
tions. The reaction mixtures containing 100 ul of xan-
thine water solution (1.3 mM), 40 ul of X.O. solution
(0.0741 units/mi), 100 ul of sample, and phosphate
buffer for adjusting the final volume to 2 ml. The inhibi-
tion of X.O. activity was evaluated by measuring the for-
mation of uric acid from xanthine with a spectropho-
tometer at 295 nm for 3 min. The reaction mixture with-
out sample was measured as control. X.O. inhibitory
activity was calculated as (C-S)/C x 100%, where C and
S are the activities of the enzyme without and with test
material. The experiments were performed in triplicate.

3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay for the measurement of cell
proliferation

MTT assay was performed to exclude the possibility
that the observed nitric oxide inhibition was falsely posi-
tive due to cytotoxicity. To determine the cell viability,
20 pl of MTT solution (2 mg/ml) was added to 180 pl of
cell suspension for 4 h. After sucking the supernatant
out, the insoluble formazan product was dissolved in
200 ul DMSO. Then, optical density (OD) of the culture
wells was measured using VERSA max microplate
reader, (Molecular Devices Corp., Sunnyvale, CA) at
570 nm.

Measurement of nitrite

RAW264.7 cells (5 x 10* cells/ml) were pretreated with
FOH for 30 min, and then treated with or without LPS
(1 pg/ml) for 24 h. To measure nitrite, 50 pl of the cell-
free culiure media were mixed with equal volume of
Griess reagent (1% sulfanilamide, 0.1% naphthylethyl-
enediamine dihydrochloride, 2% phosphoric acid) and
incubated for Smin at room temperature (light pro-
tected). The absorbance was measured using an ELISA
reader at 540 nm. The nitrite level in each sample was
calculated from a standard curve generated with sodium
nitrite (0~100 uM in cell culture medium).

Skin irritation study in rabbit

Four adult rabbits (male) of the New Zealand strain,
weighing 2.0 kg (mean) were selected. Prior to dosing
the application sites were prepared by clipping the hair
from the saddle area of the rabbits. Two abraded areas
located diagonally for each rabbit were prepared by
making minor epidermal incisions with hypodermic nee-
dle. Dried FOH was dissolved in DDW to yield 50 mg/
ml of sampie solution. The sample solution was applied
in a quantity of 0.5 ml under a 2-square-centimeter sur-
gical gauze patch on an intact skin area and an
abraded skin area on each rabbit, and 0.5 ml of DDW
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was also applied under gauze patch on the rest skin
test areas to serve as control. After application of the
patches, the trunk of each rabbit was wrapped with
bandage, and the animals were restrained for 24 h. At
the end of exposure period, the patches were removed
and the reactions were scored at 24 h and 72 h follow-
ing application.

Ocular irritation study in rabbit

Four adult rabbits (male) of the New Zealand strain,
weighing 2.0 kg (mean) were selected. Dried FOH was
dissolved in DDW to yield 50 mg/ml of sample solution.
0.1 ml of sample solution was applied to the conjuncti-
val sac of the left eye of each test rabbits and 0.1 ml of
DDW was applied to the right eye served as control.
The upper and lower eyelids were gently held together
for few seconds and then released. Examination for
gross signs of eye irritation was made at 1, 2, 3, 4 and
7 days following application.

RESULTS

Anti-oxidative activity of FOH

The DPPH radical scavenging activity of FOH were
examined at six different concentrations (0, 175, 350,
700, 1,400 and 2,800 ug/ml) as showed in Table 1. All
samples at different concentrations of FOH showed the
radical scavenging properties to different extent, and
DPPH was reduced gradually with the increasing on
concentration of FOH. The concentration of the FOH
required for inhibiting DPPH radical formation by 50%
(ICs) was 2599.46 ng/ml and the IC5, of positive con-
trol material, ascorbic acid, was 13.74 ug/ml.

The effects of FOH on the inhibition of X.O. were
examined at seven different concentrations as showed
in Table 2. All samples at different concentrations of
FOH showed the inhibition activities on X.O. to different

Table 1. Effects of FOH on DPPH free radical scavenging
activity

Concentration (ug/ml)  Free radical scavenging activity (%)

0 0.000
175 4.928 £ 0.570
350 9.843 +£0.752
700 17.767 £ 0.281
1400 27.661 £5.418
2800 53.673 £ 1.063

ICso (Lg/ml) 2599.46
ICs (ng/mi) of Ascorbic acid 13.74

Values were expressed as Means + S.D. of 3 independent
experiments. IC;, value was determined by linear regression
analysis.

Table 2. Effects of FOH on inhibitory activity of xanthine
oxidase

Concentration (ug/ml) Inhibition of xanthine oxidase (%)

0 0.0

70 575+1.99

140 7.28 £4.65

280 11.49 + 3.04

560 433 +2.39

1120 78.54 £ 4.65
1400 82.76 £ 11.08

ICsp (ng/mil) 721.38

445 .51

Values were expressed as Means + S.D. of 3 independent
experiments. IC,, value was determined by linear regression
analysis.

ICs, (1g/ml) of Ascorbic acid

extent, and the formation of uric acid from xanthine was
reduced gradually with the increasing on concentration
of FOH. FOH inhibited X.O. activity by 50% (ICy,) at a
concentration of 721.38 ug/ml and the 1C;, of positive
control material, ascorbic acid, was 445.51 ng/ml.

Effects of FOH on the production of NO

Effects of FOH on cell viability were investigated by
using MTT assay. We found that cell numbers did not
vary significantly by the treatment with FOH at the con-
centration used in this study, similar to that of cells
treated with vehicle alone (data not shown).

To investigate the effects of FOH on LPS-induced NO
production, RAW264.7 macrophages were pretreated
with FOH (0~400 ug/ml) for 30 min and then treated
with LPS (1 pg/ml) for 24h. We found that cells
released 1.46 uM of nitrite in resting state after incuba-
tion for 24 h, and no significant difference on the pro-
duction of nitrite was found between the cells treated
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Fig. 1. Effects of FOH on nitric oxide (NO) production of
RAW264.7 macrophage cells stimulated by LPS (1 ug/mi).
Data were expressed as mean + SD of three independent
experiments. *Represents p < 0.05 compared with the media
alone treated group. 1
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with FOH (0~400 ng/mt) alone and the control (Fig. 1).
The cells significantly increased nitrite production up to
16.20 uM by stimulated with LPS (1 pg/ml) alone,
whereas FOH did not show any inhibitory effects on
nitrite production stimulated by LPS in the present study

(Fig. 1).

Skin irritation study in rabbit

All 4 rabbits survived for the duration of the study and
exhibited a gain in body weight. No overt signs of toxic-
ity were seen in any of the animals during the course of
the study. After the application of FOH to rabbits, there
is a light green staining at the treated skin sites, which
did not affect evaluation of the skin responses. No
edema, erythema, eschar formation was observed in
test or control sites in any rabbits (Table 3). The pri-
mary irritation index did not equal or exceed the limit

Table 3. Effects of FOH on skin irritation in rabbits

Z.-Q. Chang ef al.

values considered to indicate a significant inflammatory
response to treatment. Therefore, FOH was considered
to be a non-irritant to the skin.

Ocular irritation study in rabbit

After the application of FOH to rabbit eyes (ocular
membrane), all of the rabbit eyes were normal. No
abnormal changes like lacrimation, reddening, swelling,
or pus formation were observed up to 7 days after
exposure (Table 4). Therefore, FOH was considered to
be a non-irritant to the eye.

DISCUSSION

Cactus (Opuntia) has been used for many years as a
common functional food and as medicine by Native
Americans and Mexicans (Tesoriere et al., 2004). Simi-

Site Control site Test site
Change Erythema & eschar Edema Erythema & eschar Edema
Phase Intact Abraded Intact Abraded Intact Abraded Intact Abraded
(hrs) 24 72 24 72 24 72 24 72 24 72 24 72 24 72 24 72
No.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
No.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
No.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
No.4 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0
Mean score 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mean score 0 0 0 0
Total
P.LL
P.LL: primary irritation index = total/4
Table 4. Effects of FOH on eye irritation in rabbits
) Time after application
Animal No. Tissue
Day 1 Day 2 Day 3 Day 4 Day 7 AO.
Cornea 0 0 0 0 0 0
1 Iris 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0
Comea 0 0 0 0 0 0
2 Iris 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0
Cornea 0 0 0 0 0 0
3 Iris 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0
Comnea 0 0 0 0 0 0
4 Iris 0 0 0 0 0 0
Conjunctiva 0 0 0 0 0 0
M.O.L 0 0 0 0 0 0
Day-7 |.O.l. 0

M.O.l.: Mean Ocular irritation Index: 1.0.1.: Individual Ocular irritation Index: A.O.l.: Acute Ocular irritation Index.
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larly, in Chinese traditional medicine, cactus fruit is con-
sidered a weak poison and used as medicine for
treatment of inflammation and pain. Moreover, it has
even been used as a detoxification agent for snake bite
(Zou et al., 2005). Researchers found that cactus con-
tains saponins, alkaloids, flavonoids, polypeptides, B-
sitosterol, pectin, carotenes, betalains, ascorbic acid,
quercetina and quercetin derivatives, all of which have
antioxidant activity (Park et al., 2001; Zou et al., 2005).

Antioxidants have been of growing interest recently
since they are supposed to reduce oxidative damage
(Zhu et al., 2004) that involved in many diseases such
as ischaemic diseases (Ji et al, 2003; Sun et al,
2005), inflammation (Wang et al., 2004), Alzheimer’s
diseases (Christen, 2000), cancer, and diabetes (Ander-
son et al., 2004; Stanner et al., 2004). DPPH has been
used widely to evaluate antioxidant activities because
the model of scavenging DPPH radical can detect a
large number of samples in a short period and is sensi-
tive enough to the compounds at low concentrations
(Russo et al., 2005). In our previous report (Cho et al.,
2008), we compared the DPPH radical scavenging
activity of water, chloroform, methanol, ethyl acetate
and butanol extract from Opuntia humifusa. Among
them, the IC4 of chloroform and ethyl acetate extract
was 247.5 pg/ml and 48 ug/ml, respectively. However,
water, butanol and methanol extract did not show the
DPPH scavenging activity. In the present study, we
found FOH has free radical scavenging activities (ICs,,
2599.46 ng/ml) to some extent, showing a concentra-
tion dependent manner although its effects were lower
than that of the conference material, ascorbic acid (ICs,,
13.74 pg/ml). The result indicates that other materials
having free radical scavenging activity have to supply
FOH for cosmetic products.

The free radical scavenging and antioxidant activity
found in Opuntia spp. are believed to be mainly associ-
ated with the presence of ascorbic acid, flavonoids,
quercetins and betalains constituents in it (Butera et al.,
2002; Dok-Go ef al., 2003; Galati et al., 2003; Stintzing
et al., 2005; Cho et al., 2006). Flavonoids are well
known antioxidants and attracted a tremendous amount
of interest among researchers as possible therapeutic
agents for diseases mediated by free radicals. More-
over, flavonoids are also effective inhibitors of several
enzymes including XO, cyclooxygenase, and lipooxige-
nase (Nguyen et al, 2004; Hoorn ef al, 2002). The
betalains are one of the most important natural colo-
rants used in food systems. Recently, some health
effects such as antiradical and antioxidant activity of
betalains have been reported too (Kanner ef al., 2001;
Cai et al., 2003).

Considering DPPH is a synthetic radical and the xan-
thine oxidase inhibitors are known to be therapeutically
useful for the treatment of gout or other XO-induced
diseases (Insel, 1990), we also investigated the xan-
thine oxidase inhibitory activity of FOH using the xan-
thine/xanthine oxidase system. It has been found that
FOH could also inhibit xanthine oxidase activity (ICs,,
721.38 pg/ml) in a concentration dependent manner.
These results were similar to the recent study con-
ducted by Cho st al. (2006) in which water extract of O.
humifusa was not found antioxidative activities on
DPPH and xanthine oxidase, but not in its ethyl acetate
fraction. In the present study, we did not use the sol-
vents that can extract them. From the above results,
DPPH scavenging and xanthine oxidase activity of FOH
could be produced by the fermentation of microorgan-
ism.

To exclude the possibility that the inhibitory effect of
FOH in NO production was due to the cytotoxicity effect
of FOH, we carried out a cell viability test using the
MTT assay. The results showed that all concentrations
of FOH did not show toxicity (data not shown) as well
as NO production (Fig. 1), even at 400 pg/mi.

NO can be induced during macrophage activation
and has been recognized as an important messenger in
diverse pathophysiological functions, including neuronal
transmission, vascular relaxation, immune modulation
and cytotoxicity against tumor cells (Fidler and Kleiner-
man, 1993). However, overproduction of NO can be
harmful and result in deleterious consequences such as
septic shock, neurotoxicity, and inflammatory diseases
(Lowenstein ef al., 1994). In order to be used as a base
material for cosmetic product such as mask pack and
soap, FOH should not induce or should inhibit the NO
production. We, therefore, intended to determine whether
FOH was capable of NO production in RAW 254.7
cells, or not.

Cho ef al. (2006) reported that chloroform and ethyl
acetate fractions of O. humifusa showed nitric oxide
inhibitory activity whereas water extract did not. In the
present study, FOH did not induce or inhibit the NO
production in RAW 264.7 cells in the presence or
absence of LPS, even at 400 ug/ml (Fig. 1). The result
shows that FOH may be used as a base cosmetic
material, indicating a non-inflammatory activity.

We had further investigated to confirm whether FOH
has irritation in vivo, or not. To do that, we evaluated
the local toxicity by rule of KFDA in rabbits. After the
application of FOH to rabbits, the animals did not show
any skin responses such as edema, erythema, and
eschar formation in test or control sites (Table 3). FOH
was considered to be a non-irritant to the skin. After the
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application of FOH to rabbit eyes (ocular membrane),
all of the rabbit eyes were normal. The result indicates
that FOH was a non-irritant to the eye.

In summary, FOH had low free radical scavenging
activity in DDPH assay but inhibited free radical produc-
tion in XO assay. Also, FOH did not induce NO produc-
tion in the presence and absence of LPS at various
dose in RAW 264.7 cells. Furthermore, FOH did not
show local toxicity of skin and eye in rabbits. Based on
the above information, we suggest that FOH can be
considered to be a non-irritant base cosmetic material
for safely use.
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