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ABSTRACT

Solvent extracts were prepared from Manda Enzyme® one of the fermented
health foods, and their activities of radical scavenging and cancer cell growth
inhibition were evaluated. Manda Enzyme ®was extracted with 55 % ethanol, and
then fractionated into n-hexane, chloroform, ethyl acetate, methanol-soluble and
methanol-insoluble fractions. The antioxidant activities were in the order
chloroform > ethyl acetate > other fractions and of each fraction were
positively related to the amount of total phenolics and the intensity of brown
color. The cancer cell growth inhibitory activities were in the order n-hexane >
chloroform > other fractions. Proliferation of HRT-18, HCT-48 and HepG2
human cancer cells was inhibited by the treatment of the n-hexane fraction of
Manda Enzyme® ar a concentration of 400 pg/mL fo the extent of 75, 89 and
90%, respectively. Fromthese results, it is considered that Manda Enzyme® has
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chemically different ingredients showing strong antioxidant and anticancer
activity-in vitro.

INTRODUCTION

As oxidation processes are involved in many degenerative physiological
events such as cancer, aging, diabetes, cardiovascular disease, the protective
defense systems are very important for health (Gutteridge 1995). Free radicals,
one of the major oxidants, are of great importance in the aging process, and in
disease. Antioxidants are substances that prevent or delay the oxidation of
cellular oxidizable substrates. As many biological functions of antioxidants, such
as antimutagenicity, anticarcinogenicity and antiaging have been known,
antioxidants are one of the important defense systems in living cells. There are
two basic categories of antioxidants, namely, synthetic and natural. Synthetic
antioxidants such as BHA and BHT have been used as antioxidants since the

" beginning of the twentieth century. Restrictions on the use of these compounds,
“however, are being imposed because of their carcinogenicity. Therefore, there

is increasing interest in natural dietary antioxidants, including vitamins and
nonessential dietary antioxidants. The antioxidant activity of several plant
materials and food has recently been reported (Velioglu ef al. 1998; Nagai ef al.
2001).

Cancer, one of diseases caused by oxidative damage is one of the most
difficult problems in modern medicine. Most of the anticancer medicines used
recently are chemically synthetic compounds. Repeated use of these compounds
has led to the development of resistance to the agents in the tumor cell lines and
adverse effects on human health such as alopecia, leucopenia, sterility and
secondary malignancies in clinical trials. Therefore, several attempts have been
made to develop new anticancer and cancer prophylactic agents from naturally
occurring compounds or fermented food, which have fewer side effects. Also,
the possibility that fermented food itself might control cancer by oral diet
without any adverse side effect on human health was provided (Biffi e al. 1997;
Choi and Park 1999).

. Numerous fermented foods have been claimed to be physiologically
functional as anticancer, anticoagulant and antioxidant activity. One of these is
Manda Enzyme®, which is known to be a health food in Korea and Japan for a
number of years. It is manufactured by yeast fermentation of mixtures of several
vegetables, fruits, grains and seaweeds and is naturally matured at low
temperature for over 39 months. The immunopotentiating effect (Hwang ef al.
1996), in vivo antioxidant and antitumor effects of small size molecules
originating from Manda Enzyme® (Kim ef al. 1998), the suppression effect
against lipid peroxidation in the senescent rat brain (Kawai ef al. 1998) and
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antithrombin activity against blood coagulation (Kim er al. 2000) seem to be in
support of the claim for Manda Enzyme®.

In the present study, as part of our investigation to examine the physiologi-
cal functionality of fermented foods, we observed that the organic solvent
extracts of Manda Enzyme® have free radical scavenging activities and
anticancer abilities as judged by inhibition of cell proliferation.

MATERIALS AND METHODS

Sample and Chemicals

Manda Enzyme® was obtained from Manda Fermentation Co., Ltd.
(Hiroshima, Japan). The human rectal cancer cell line (HRT-18), human
hepatoma cell line (HepG2) and human colon cancer cell line (HCT-48) were
purchased from American Type Culture Collection (Manassa, VA). Dulbeco’s
modified eagle medivm (DMEM), fetal bovine serum (FBS) and antibiotic-
antimycotic were from Life Technologies (Grand Island, NY); 1,1-diphenyl-2-
picrylhydrazyl (DPPH), N’,N’-dimethylformamide (DMF) and 3,(4,5-dimethyl-
thiazol-2-y1)2,5-diphenyll-tetrazolium bromide (MTT) were products of Sigma
Chemical Co. (St. Louis, MO). Other reagents were of analytical grade.

Preparation of Manda Enzyme® (ME) Fractions

The ME (145 g, wet weight) was suspended in 200 mL distilled water. Cold

. absolute ethanol was added to the suspension to make a final concentration of
55% (w/v). The mixture was stirred at 4C for overnight and centrifuged at 3000

x g for 15 min. The pellet was discarded and supernatant was concentrated with

evaporator under reduced pressure. The concentrate (142 ml) was extracted

successively with n-hexane, chloroform and ethyl acetate of 360 mL, respective-

ly. The final aqueous layer was concentrated under reduced pressure, mixed
slowly with 120 mL of methanol, incubated at 4C for 15 h, and divided into
methano!l soluble and insoluble fractions by centrifugation. All extracts were

evaporated and freeze-dried, yielding five ME fractions.

Free Radical Scavenging Activity

Free radical-scavenging activities of ME fractions were assayed using a
stable free radical, DPPH dissolved in ethanol, according to the method of Blois
(1958). In the presence of a radical scavenger, DPPH is converted to 1,1-
diphenyl-2-picrylhydrazine with yellow color. The reaction mixture contained
0.4 mL of 0.2 mM DPPH and 0.2 mL of the ME fraction sample (dissolved in
ethanol) at different concentration (0 ~ 1.6 mg/mL) except for methanol-
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insoluble fraction (dissolved in DW). Finally, the total volume of the reaction
mixture was adjusted to 2.0 mL with ethanol. After the reaction mixture was
incubated at 37C for 30 min, the free radical scavenging activity of each fraction
was monitored by decrease of absorbance at 517 nm. The radical scavenging
activity was calculated as follows;

Absorbance of sample) « 100
Absorbance of blank

Radical scavenging activity (%) = (1 -

Human Cancer Cell Proliferation Inhibition Activity

The tetrazolium dye colorimetric test is used to monitor cell proliferation
indirectly as indicated by the conversion of the tetrazolium salt to the colored
product, formazan, the concentration of which can be measured spectrophoto-
metrically (Park ef al. 1987). Briefly, human cancer cell line was cultured in 48-
well microplates [1 x 10* cells/well in 1 mL of complete DMEM (containing
5% FBS, 100 units/mL of penicillin, 100 pg/ml streptomycin and 0.25 pg/mL
amphotericin B, pH 7.4)] for 24 h. After 24 h culture, media were changed with
fresh complete DMEM containing ME fractions (0 ~ 4 mg/mL). At the ¢nd of
40 4 incubation, cells were washed with 0.5 mL of PBS. And then 0.1 mL of
MTT (0.5 mg/mL) and 0.2 mL of complete DMEM were added to each well
and incubation was allowed to continue for a further 2 h. Finally, 0.7 mL of
lysis buffer (50% DMF and 20% SDS, pH 4.6) was added to each well and
incubated for another 2 h. The absorbance of each well was read using a
spectrophotometer (Beckman model DU-64) at 540 nm.

Determination of Total Phenolics

Total phenolics were determined by reaction with Folin-Ciocalteun reagent
(Singleton and Rossi 1965). One milliliter of ME fractions (1 mg/ml) was
mixed with 1.0 mL of Folin-Ciocalteu reagent (previously diluted 10-fold with
distilled water) and allowed to stand at 25C for 5 min; 1.0 mL of sodium
bicarbonate (60 g/L) solution was added to the mixture. After incubation at 25C
for 90 min, absorbance was measured at 725 nm. Content of total phenolics
were expressed in terms of ferulic acid equivalents.
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- RESULTS AND DISCUSSION

Preparation of ME Fractions

As the inhibitory effects of crude ME against induced oxidative stress by
CCl, and growth of solid tumor had been demonstrated (Kim ef al. 1998), ME
was divided into n-hexane-, chloroform-, ethyl acetate-, methanol soluble-, and
methanol insoluble-fraction to identify the bioactive compounds showing
antioxidant and anticancer activities. The yield and some characteristics
regarding antioxidant activity of ME fractions are shown in Table 1. The yields
were in the order of methanol soluble-fraction > methanol insoluble-fraction >
ethyl acetate-fraction > chloroform-fraction > n-hexane-fraction. And the
yields decreased as the hydrophobicity of extraction solvent increased. The
amount of total phenolics in the each fractions varied between 0.29 and 8.24%,
with the highest amount found in chloroform-fraction and lowest amount in n-
hexane-fraction.

TABLE 1.
SOME CHARACTERISTICS OF ME FRACTIONS

Fraction Yield Color Total Phenolics®
[% (w/w)] Intensity* (% as Ferulic Acid)
n-Héxane 0.32 0.074 0.29 + 0.024
Chloroform 0.39 0.329 8.24 + 0.17
Ethy! acetate 0.49 0.211 6.83 + 0.31
Methanol insoluble 2.88 0.077 0.62 + 0.021
Methanol soluble 67.61 . ) 0.068 0.63 + 0.035

? Color intensity were expressed as absorbance (at 420 nm) of 0.1% (w/w) solution in ethanol.
b Data expressed as the mean + SD (n=3).

Antioxidant Activity. of ME Fractions

The DPPH radical was used to measure the antioxidant activity of the ME
fractions. The free radical scavenging activities of ME fractions were investigat-
ed, and these results are shown in Fig. 1 and Table 2. The order of RCs, of ME
fractions, i.e. the amount required for 50% decolorization of 4.73 ug DPPH
solution, was chloroform-fraction > ethyl acetate-fraction > other fractions.
Chloroform- and ethyl acetate-fraction exhibited strong free radical scavenging
activity. And also, these activities of chloroform- and ethyl acetate-fraction
tended to increase with increasing sample concentration (Fig. 1). The radical
scavenging activities of chloroform- and ethyl acetate-fraction were 81.5 and
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66.0% when 185 and 118 pg/ml. were added to the system, respectively. On the
other hand, other fractions decolorized the DPPH solution only slightly. The
radical scavenging action of plant constituents has been found to be linked with
phenolic compounds (Madsen er al. 1996).
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FIG. 1. FREE RADICAL SCAVENGING ACTIVITY OF CHLOROFORM (*) AND ETHYL
ACETATE (0) FRACTIONS AS A FUNCTION OF THE CONCENTRATION OF
FRACTION IN THE MIXTURE OF THE ME FRACTION AND DPPH

| .

As ME is a fermentation product of plants such as vegetables, fruits and
seaweeds, ME also has many phenolic compounds. The antioxidant activities of
ME fractions were positively related to the amount of total phenolics and the

intensity of brown color. These results implied that radical scavengers of
chloroform- and ethyl acetate-fraction might be phenolic compounds.

Anticancer Activity of ME Fractions

To determine the inhibitory effects of ME fractions on the growth of human
cancer cells, ME fractions were.added to the culture medium of HT-18 cells and
then the viability of cancer cells- was measured by MTT assay. Among the ME
fractions, n-hexane- and chloroform-fraction showed inhibitory effect on the
growth of HT-18 cells, i.e., 50.0% and 24.2% of inhibition were observed at
200 pg/ml. of n-hexane- and chloroform-fraction, respectively, (Fig. 2). The
inhibition rate of n-hexane-fraction were observed 20, 50, 75 % with the addition
of 100, 200, 400 pg/mL, while those of chloroform-fraction were 10, 24, 50%,
respectively (Fig. 3A). Both n-hexane- and chloroform-fraction also- had
inhibitory effects on the proliferation of HCT-48 cells and HepG2 cells (Fig. 3B
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and C). The growth inhibitory activities of n-hexane- and chloroform-fraction
were increased with increasing the concentration of each fraction and these
trends of inhibitory effect on cancer cell growth were similar to HT-18, HCT-48
and HepG2 cells.

TABLE 2.
SCAVENGING ACTIVITIES OF ME FRACTIONS ON FREE RADICALS
Fraction RC;, on DPPH Radical (ug)*
n-Hexane > 1200
Chloroform 137.2 +- 1.9
Ethyl acetate 161.7 + 8.5
Methanol insoluble > 2800
Methanol soluble > 1600

* The amount of sample that required decolorization of DPPH(4.73 pg) solution by 50% (RCs,) was
determined by linear regression.
Results were presented as the mean +SD of three replicates.

‘MeOH-insoluble
MeOH-saluble
ethylacelate:
chloroform

- n-hexane

control
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Cell growth (%)

FIG. 2. EFFECT OF ME FRACTIONS ON HUMAN RECTAL CANCER CELL LINE
(HT-18) GROWTH
For the MTT assay, cancer cells were preincubated in 48-well microplates (1 X 107 cells/well)
for 24 h and then incubated with ME fractions (200 pg/mL) for 40 h.
Data represent the mean + SD (n=3).

456

D.C. KIM, W.-I. HWANG and M.-J.

IN

—

i
o
~

(%) ymaib Jo0

20 -

200 300 -400

100

200 300 400

100

200 300 400

100

Concentration (ug/ml)

. Concentration (pg/mi)

Concentration (pg/ml)

FIG. 3. EFFECT OF n-HEXANE (%) AND CHLOROFORM (*) FRACTIONS ON HUMAN RECTAL (PANEL A), HUMAN COLON (PANEL B)
AND HUMAN HEPATOMA (PANEL C) CANCER CELL GROWTH AS A FUNCTION OF THE CONCENTRATION OF FRACTION IN THE

DMEM MEDIUM

Cell growth was measured by MTT assay. The percentage of cell growth in the control group was 100%. Data represent the mean + SD (n

3).
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To observe the effects of n-hexane- and chloroform-fraction against cancer
cell growth according to culture time, HT-18 cells containing 100, 200 and 400
pg/mL of two fractions were respectively cultured for 24, 48 and 72 h, and cell
growth is illustrated in Fig. 4. The growth rate of HT-18 cancer cells was
inhibited in proportion to the incubation time. These results show that organic
extract of ME potently inhibited the proliferation of some human cancer cell
_lines in vitro. The types of cytotoxic effect by anticancer reagents include: (1)
only dose-dependent, (2) only time-dependent, and (3) simultaneously dose- and
time-dependent (Ohoshi and Sugeno 1975). From the above results, it is
considered that the effects of organic extract of ME are simultaneously dose-
and time-dependent. Therefore, if dose and time are well controlled in vitro, it
is expected that organic extract of ME is successful medicine to inhibit growth
or to kill off human cancer cells.
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FIG. 4. ANTIPROLIFERATION EFFECT OF n-HEXANE (PANEL A) AND CHLOROFORM
(PANEL B) FRACTIONS ON HUMAN RECTAL CANCER CELL LINE AS A FUNCTION
OF CULTURE TIME
Cancer cells were preincubated in 48-well microplates (1 X 10* cells/well) for 24 h and
then incubated with n-n-hexane and chloroform fractions (100, 200 and 400 pg/mL),
respectively. Data represent the mean + SD (n=3).

It has been reported that n-hexane fraction of Doenjang (a natural fermented
Korean soy paste) had the highest inhibitory effect on the growth of HT-29
human colon carcinoma cells (Park er al. 2000). In this work, n-hexane-extract
of ME also possessed the highest anticancer activity in vitro.
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With these results, the in vifro antioxidant and anticancer effects of ME
were confirmed and it was shown that different fractions of ME have strong
antioxidant and anticancer activity in vitro. The isolation and further identifica-
tion of effective compounds are in progress.
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