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Flavonoids, which form a magjor component in Houttuynia cordata Thunb., display a wide range of phar-
macological activities. The expression of plant flavonoids is partly regulated by fermentation. Therefore,
we studied the effects of fermentation on H. cordata in order to identify the strains present during the fer-
mentation process, and to determine whether fermented H. cordata could be used as a probiotic. Our
results showed that all 6 of the bacteria strains isolated from fermented H. cordata (FHC) belonged to the
genus Bacillus. As expected, fermenting H cordata aso increased the flavonoid content as increases were
observed in the levels of rutin, quercitrin, and quercetin. To test the effects of fermentation, we treated
LPS-stimulated RAW?264.7 cells with non-fermented H. cordata extracts (HCE) or FHC extracts (FHCE).
Compared to the HCE-treated cells, the FHCE-treated cells showed increased viability. No cytotoxic
effects were detected in the FHCE-treated groups in the 2 cell lines used in the study, namely, RAW264.7
and RBL-2H3. FHCE-treated HepG2 cells showed decreased growth, compared to HCE-treated HepG2
cells. These results indicate that the fermented H. cordata predominantly contained Bacillus strains. Fur-
thermore, FHCE are able to prevent LPS-induced inflammatory effects and inhibit the growth of HepG2

cdls.
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INTRODUCTION

The interest in finding natural sources of antioxidants, in
particular, of plant origin, has withessed a recent upsurge.
Numerous crude extracts and purified natural compounds
from plants have antioxidant and radical-scavenging activi-
ties (Fardet et al., 2008; Niki, 2010; Tian et al., 2011). L ow-
molecular weight compounds such as vitamins, zeaxanthin,
and flavonoids are considered the active ingredients in
plants (Beker et al., 2011). Flavonols such as quercetin and
morin act as chain-breaking antioxidants in cetyl trimethy-
lammonium bromide (CTAB) micelles by inhibiting linoleic
acid autoxidation (He et al., 2012).

Houttuynia cordata possesses pharmacological proper-
ties that reduce hypertension, edema, and inflammation
since it has anti-pyretic, anti-purulent, anti-viral, and anti-
mutagenic properties (Chen et al., 2011; Lau et al., 2008;
Tian et al., 2011). It is also effective in treating pneumonia,
severe acute respiratory syndrome, human immunodefi-
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ciency virus infection, influenza, and refractory hemoptysis
(Nuengchamnong et al., 2009). H. cordata also acts as an
antioxidant, thereby promoting detoxification (Tian et al.,
2011).

The chemica components of H. cordata comprise 6
major types: volatile ails, flavonoids, alkaloids, fatty acids,
sterols, and polyphenolic acids (Wu et al., 2009; Meng et
al., 2009). Our group recently demonstrated microbial fer-
mentation as a promising alternative source for many fla-
vonoid molecules, including anthocyanins, flavones, and
flavanones (Leonar et al., 2006). Consequently, there is
growing interest in the fermented products of herbal plants.
Specifically, fermentation can improve the nutraceutical
value of a product by breaking down certain undesirable
compounds and inducing effective microbial conversion
(Oboh et al., 2008). Currently, most industries employ the
time-consuming traditional fermentation method, which uses
sugar in its native form and requires 2 to 3 years for com-
pletion. Therefore, it is necessary to develop methodolo-
gies that would alow plants to be fermented using specific
microorganisms at a large scale, over shorter durations. To
compensate for the shortcomings in the conventiona fer-
mentation process and produce homogeneous fermented
products, bacterial strains were identified and isolated from



118 R.H. Kwon et al.

traditionaly fermented H. cordata extracts (FHCE), pro-
duced using the conventional fermentation process. Fur-
ther, we aimed to compare the effects of FHCE and H.
cordata extracts (HCE) by using the aforementioned opti-
mal fermentation conditions on the alleviation of oxidative
gtress. In this study, 6 Bacillus strains were isolated from
FHCE. They were confirmed to belong to the genus Bacil-
lus, and were identified as B. amyloliquefaciens subsp.
plantarum FZB42', B. licheniformis ATCC 14580, B.
aerius 24K, B. methylotrophicus CBMB205', B. safensis
FO-036b’, B. sonorensis NRRL B-23154", with ~99% simi-
larity. The use of viable spores of Bacillus as a probiotic
supplement raises some concerns, including safety. Several
Bacillus species used as animal feed supplements, probiot-
ics, plant protection products, or seed-coating agents are
also known to cause food poisoning (Gaggia et al., 2010).
Using fermentation, the flavonoid content can be increased,
thereby increasing the antioxidant activity.

MATERIALS AND METHODS

Reagents, cell lines and cell culture. All reagents were
purchased from Sigma-Aldrich (St. Louis, MO, USA)
unless otherwise stated.HepG2 cell and Mouse leukaemic
monocyte macrophage (Raw 264.7) cell were acquired from
Korean Cell Line Bank (KCLB). The cells were cultured in
Dulbecco’'s Modified Eagle’'s Medium (DMEM) with 10%
fetal bovine serum (FBS), 1% penicillin-streptomycin and
incubated in a humidified 5% CO, incubator at 37°C.

Bacillus strains of Isolation of the microorganisms
from traditionally fermented Houttuynia cordata. Tra-
ditionally fermented Houttuynia cordata was purchased
from Semyoung Oriental Co., Ltd. in Geochang, Gyeong-
nam (Republic of Korea). Traditionaly fermented Hout-
tuynia cordata was diluted with sterilized water in 10'~10"*
by 10-fold dilution technique, and then 200 ul of diluted
traditionally fermented Houttuynia cordata was inoculated
onto the Luria-Bertani (LB) agar medium. Plates incubated
at 35°C for 48 hrs. Colonies representing different morphol-
ogies were picked at random and purified by streaking on
agar plates of the same medium. The single colony was
pure cultured four times. |solates were stored at —80°C with
20% sterile glycerol until needed.

Phylogenetic analysis of strain based on 16S rRNA
sequences. 16S rRNA gene sequencing of strains were
referred to a solgent Co., Ltd. By using EzTaxon server and
National Center for Biotechnology Information (NCBI)
database, homology was confirmed with type of strain for
phylogenic analysis. 16S rRNA gene sequencing of strains
were aignmented by Bio-eidt (Hall, 1999) program and
Clustal X program. And then, strain evolutionary process
was estimated by Kimura two-parameter-model, and phylo-

genic position was determined by neighbor-joining and
maximum parsimony by MEGA 4 program.

Preparation of Houttuynia cordata. Houttuynia cor-
data was purchased from Semyoung Oriental Co., Ltd. in
Geochang, Gyeongnam (Republic of Korea). HC was
reflux-condensed by 100g with 21 of distilled water at
60°C for 6 hrs. Then it was concentrated with an evapora-
tor, and sterilized at 121°C for 20 min.

Bacillus dtrains isolated from traditionally fermented
Houttuynia cordata were inoculated onto the LB medium
and shaking cultured for 12 hrs at 35°C and 180 rpm. The
sterilized HC extract was inoculated with 1% (v/v) of Bacil-
lus strains at absorbance of 1.0 at 600 nm, and the inocu-
lated HE was fermented during 38hrs at 35°C. The
fermented HE by Bacillus strains were diluted with the
same rate, after which it was concentrated with an evapora
tor and was freeze-dried. For the non-fermented HE, the
purchased dry HE was reflux-condensed by 100 g with 21
of distilled water at 60°C for 6 hrs, after which it was con-
centrated with an evaporator and was freeze-dried.

HPLC analysis. The extracts were analyzed by HPLC
systems (Agilent model 1200 series, Hewlett Packard, Palo
Alto, CA) with a Symmetry C,g-column (Gemini C,g, 250 x
4.6 mm) at 30°C. Linear solvent gradient of binary mobile
phase (solvent A, 0.1% trifluoacetic acid in HPLC grade
water; solvent B, 0.1% trifluoacetic acid in HPLC grade
acetonitrile) during HPLC analysis was applied as follows
(total 40 min): 75% A/25% B at 0 to 5 min, 65% A/35% B
a 5to 8 min, 62% A/38% B at 8 to 16 min, 20% A/80% B
a 16 to 30 min and 75% A/25% B at 30 to 35 min. The
flow rate of the solvent was kept constantly at 1.0 ml/min.
Sample injction volume was 10 ul and UV absorbance was
monitored at 370 nm.

Cell viability assay. Cell viability was determined a
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay provided by Sigma Aldrich (S. Louis, MO,
USA). Cells with an initial concentration of 2 x 10%/well
were seeded in 96-well plate in DMEM supplemented with
10% FBS. After 24 hrs, the culture medium was changed to
fresh media, and FSC and NFSC with concentrations of
10 ug/ml, 100 ug/ml and 1000 ug/ml, respectively, were
added into the culture. Cells incubated with PBS were used
as control. After 48 hrs, respectively, MTT assay was per-
formed to quantitatively evaluate cell activity and ratios of
OD 550 nm of each group to the value of control.

Protective effect of fermented Houttuynia cordata
extract against of LD50 on Raw 264.7. Raw 264.7 cells
were seeded into a 96-well microplate at a density of 2 x
10" cells/well. After 24 hrs, cells were then washed twice
with PBS and given fresh complete growth medium. The
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Fig. 1. Phyogenetic tree analysis of the isolated 16S rDNA with different Bacillus strains from the NCBR database by MEGA4.
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various doses SCE and SCFE were treated, and incubated
for 24 hrs. Then 38.65 ug/ml of LPS was treated, and incu-
bated for 4 hrs. MTT was then added (0.5 mg/ml) for 4 hrs,
the medium was removed, and the formazan crystals were
dissolved in DM SO and isopropanol (1: 1, v/v). O.D. of
solution in each well measured at 540 nm on SynergyHT
(Bio-Tek instruments, USA). Céll viability rate was calcu-
lated as the percentage of MTT absorbance.

Statistical analysis. Data were expressed as mean S. D.
[standard error of the mean (SEM)]. Statistical analysis was
performed using multiple analyses of variance (ANOVA)
with repeated measures. When significant main effects or
an interaction between the main effects was found, specific
comparisons were made with Student’s paired t-tests. Statis-
tical significance was represented by p < 0.05, p < 0.01, and
p<0.001. Statistical analysis was performed with SPSS
version 12.0 statistical software (SPSS Inc., Chicago, IL,
USA).

RESULTS AND DISCUSSION

To standardize the fermented H. cordata (FHC) manufac-
turing process, 6 Bacillus strains were isolated and identi-
fied using 16S rDNA sequencing. The results of BLAST
analyses showed that the sequences were most closely
related to various strains of the Bacillus genus, with a maxi-
mal identity of 99%. The phylogenetic tree, which was con-
structed on the basis of 16S rDNA sequences, is shown in
Fig. 1. The 16S rRNA gene domains of the strains 1, 2, 3, 4,

R.H. Kwon et al.
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Fig. 3. Viability activity of non-fermented Houttuynia cordata
extract and fermented Houttuynia cordata extract on the raw
264.7 cell and RBL2H3 cells by MTT assay. concentrations of
1000~10 ug (p < 0.05) do not significantly affect cell viability.

5, and 6 consisted of 1388 bp, 564 bp, 556 bp, 1441 bp,
556 bp, and 522 bp, respectively (Fig. 2). They were con-
firmed to belong to the Bacillus genus, and identified as B.
amyloliquefaciens subsp. plantarum FZB42', B. lichenifor-
mis ATCC 14580", B. aerius 24K', B. methylotrophicus
CBMB205', B. safensis FO-036b’, and B. sonorensis
NRRL B-23154" gtrains (Fig. 3). The different strains were
designated as SMh-1 to SMh-6. Thus, al the species iso-
lated from these extracts belonged to the Bacillus genus.
Notably, mgjority of Bacillus species are assigned the “gen-
erally regarded as safe” (GRAS) status (Patel et al., 2010).
Philip et a. (2009) have showed that fermentation increases
the flavonoid content (Philip et al., 2009). FHCE and HCE
were examined for their flavonoid composition by using
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Fig. 2. Typical HPLC chromatograms of flavonoids. [A] FHCE, fermented Houttuynia cordata extract, [B] HCE, Houttuynia cordata

extract.
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HPLC. Individua constituents were identified by compar-
ing their peaks, UV spectra, and retention times, with those
of the corresponding reference standards (Fig. 2). The per-
centage of each flavonoid was estimated using a calibration
curve. The flavonoids present in the FHCE and HCE were
rutin (2.1 mg/100 g, 1.1 mg/100 ml), quercitrin (16.6 mg/
100 g, 11.8 mg/100 g), and quercetin (0.5 mg/100 g, 0.2 mg/
100g). The contents of rutin, quercitrin, and quercetin
increased in the FHCE by 1.9-fold, 1.4-fold, and 2.5-fold,
respectively, compared to the HCE. The increase in the fla-
vonoid content of FHCE was attributed to the change in the
organic content, which was due to fermentation carried out
by the Bacillus strains identified in the FHCE. This broad
spectrum of nutraceuticals with different characteristics
alowed a comprehensive assessment of the cytotoxicity
associated with these flavonoids as well as a comparison
between the different cytotoxicity assays and the different
fish cell lines, namely, RBL-2H3 and RAW264.7. To deter-
mine the cell viability of RAW264.7 macrophages and
RBL-2H3 cells that had been treated with HCE and FHCE,
we used an MTT assay. In this assay, a mitochondrid enzyme
in living cells, succinate dehydrogenase, cleaves the tetrazo-
lium ring, converting the MTT to an insoluble purple for-
mazan. Therefore, the amount of formazan produced is
directly proportiona to the number of viable cells. The
cytotoxic effects of FHCE and HCE on the 2 kinds of cells,
namely, RAW?264.7 and RBL-2H3, were studied at differ-
ent concentrations, i.e., 1000 ug/ml, 100 ug/ml, and 10 ug/
ml. Cell viability was not affected by FHCE and HCE at
any of these concentrations. Thus, FHCE and HCE are not
cytotoxic.

Macrophages are the first line of host defense against
bacteria infection and cancer growth (Higgins et al., 2007).
Lipopolysaccharide (LPS) from gram-negative bacteria can
guantitatively induce iNOS-mediated cellular responses and

120 -
= 1000ug

100 - 100ug
=10pg

cell viability (%)

CON

FHCE
LPS(38.64ug/ml)

Fig. 4. The cytotoxicity of LPS and determination of LDy, value
in Raw 264.7 macrophages. **“ Means in the same row not
sharing a common superscript are significantly different between
groups at p<0.05. 'p<0.05 in two-sided student’s t-test on
FHCE and HCE.

cause responses that result in inflammation, sepsis, and
stroke (Taira et al., 2009). In our study, LPS treatment
decreased cell viability with increasing doses, indicating
that LPS has dose-dependent effects on cytotoxicity. We
evaluated the protective effects of FHCE and HCE by test-
ing thein vitro cell viability of RAW264.7 cells treated with
LPS (LDg,, 38.64 ug/ml LPS). Protective effects of FHCE
and HCE on LPS-treated RAW264.7 cells at 1000 ug/ml,
100 pg/ml, and 10 ug/ml were 94.14%, 88.61%, and 76.28%,
respectively, and 88.76%, 67.58%, and 55.70%, respec-
tively. These results showed that fermentation of H. cor-
data increased the viability of LPS-stimulated RAW?264.7
cells. The expression of flavonoids in LPS-induced inflam-
matory cells is shown in Table 1. As expected, FHCE
induced higher levels of rutin, quercetin, and quercitrin
compared to HCE. The flavonoid levels in LPS-stimulated
FHC-treated cells were similar to those in FHCE-treated
cells. The effects of different concentrations of FHCE and
HCE on HepG2 cdll viability are shown in Fig. 5. The per-
centages of inhibition induced by 1000 ug/ml, 100 ug/ml,
and 10 ug/ml FHCE and HCE on HepG2 cdll viability were
38.31%, 47.40%, and 50.54%, respectively, and 47.72%,
62.66%, and 68.66%, respectively. In addition, the detec-
tion of rutin, quercetin, and quercitrin at approximately
20 uM, 100 uM, and 20 uM correlated with the effects
observed in the MTT assay (Table 1). Viability and activity
of the HepG2 cdlls trested with FHCE were lower than
those of the HepG2 cells treated with HCE at various con-

Table 1. The cytotoxicity inhibitory effects of flavonoid in Raw
264.7 macrophages

Treated LPS (38.64 ng/ml) of Raw 264.7 cell

Group - - —
Rutin Quercetin Quercitrin
100uM  97.66+257°  96.23+275  93.96+2.64%
80uM  9533+170° 8506+358  76.07 % 2.06"
60uM 8981175 7618+314" 7559+ 1.94
40uM  75.87+330° 6206+295 7159+ 158
10uM  64.07+247° 4630+380° 67.31+1.74°

abedefepleans in the same row not sharing a common superscript
are significantly different between groups at p < 0.05.

Table 2. Inhibitory effects of viability activity in HepG2 cell of

flavonoid
HepG 2 cell
Group , , —
Rutin Quercetin Quercitrin

100uM 2916+ 1.48* 4610+2.80° 21.64+3.38"
80uM  31.70+198% 5404+178  26.83+220°
60uM  3234+154° 5227+322  31.92+ 356"
40uM  3476+240° 5367+223  34.90+3.90%
10uM  37.19+0.80° 60.71+3.14° 3814+ 242°

abedef\1eans in the same row not sharing a common superscript are

significantly different between groups at p < 0.05.
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Fig. 5. Inhibitory effects of Viability activity of HepG2 cells.
sbedefhieans in the same row not sharing a common superscript
are significantly different between groups at p <0.05. 'p<0.05
in two-sided student’s t-test on FHCE and HCE.

centrations. These results showed that traditionaly fer-
mented H. cordata products contain Bacillus strains.
Treating cells with extracts derived from fermented H. cor-
data inhibited LPS-induced inflammatory cell death and
inhibited the growth of HepG2 cells. FHCE aso have an
increased content of flavonoids, including rutin, quercetin,
and quercitrin. Our results also indicated that the flavonoid
congtituents of FHCE exhibit excellent anti-inflammatory
effects in LPS-stimulated cells. These results suggest that
the effects of fermentation on H. cordata warrant further
investigation.
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