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ABSTRACT: Rhus verniciflua bark has been used as a traditional medicine for the treatment of several diseases in Korea.
In this study, the antioxidant properties and anticancer activity of a fermented R. verniciflua (F-RV) methanol extract
and its fractions were determined. The methanol extract and the ethyl acetate fraction had high radical-scavenging
and reducing-power activities, higher than that of butylated hydroxytoluene. Moreover, the antioxidant activity was
correlated with the contents of the phenolic compounds. The cell viability assay showed that F-RV contains anticancer
activity in a colon cancer cell line (HCT-116), and upregulates TGF-f. Thus F-RV has an inhibitory effect on cell
proliferation and can induce apoptosis and senescence. F-RV could be useful for the development of bioactive food

and anticancer drugs.
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INTRODUCTION

Reactive oxygen species (ROS) are free radicals
such as hydroxyl radicals, superoxide radicals, and
hydrogen peroxide. Their oxidative effects have
been implicated in inflammation and cancer de-
velopment. Natural antioxidants such as polyphe-
nols, flavonoids, anthocyanidin, ascorbic acid, to-
copherol, and anthocyanin can reduce ROS effects
in the body!2. Antioxidants decrease oxygen con-
centration by scavenging initial radicals, binding to
metal ion catalysts, decomposing primary products
to active compounds, and chain breaking to prevent
continued hydrogen abstraction.

Rhus verniciflua (RV) is a well-known lacquer
tree indigenous to East Asian countries®. The main
lacquer compound, urushiol, is toxic and can cause
contact dermatitis. Previous reports have however
revealed that fermentation reduces the urushiol.
The fermented preparation (referred to as F-RV) has
various in vitro and in vivo biological activities such
as antioxidant, anticancer, and anti-inflammatory.
F-RV inhibits a-glucosidase, protects against carbon
tetrachloride-induced liver injury in mice, and has
anti-platelet, anti-mutagenic, and anti-nociceptive
effects*®. In this paper, we investigated the antiox-
idant activity of F-RV and its association with the
anticancer signalling pathway.
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MATERIALS AND METHODS

Fermented R. verniciflua stem bark extract and
fractions

Fermented R. verniciflua (F-RV) was provided by
the Rural Development Administration, Republic of
Korea, in June 2014. F-RV (916.4 g) was crushed
to powder and heated under reflux at 65°C for
2 h with 1 1 methanol. The extract was filtered
(Filter paper, Advantec, circles 300 mm, Japan),
and the solvent evaporated at 45 °C using a rotary
evaporator. The sample was dissolved in water, and
extracted with n-hexane. The remaining aqueous
fraction was extracted with ethyl acetate, and then
with n-butanol, and each fraction was concentrated
using a vacuum evaporator.

Radical scavenging activity

The free radical scavenging activity of each F-RV
fraction, butylated hydroxyanisole (BHA), and buty-
lated hydroxytoluene (BHT) was assayed using a
stable free radical, 1,1-diphenyl-2-picrylhydrazyl
(DPPH). The reaction mixture contained 1 ml of
0.15 mM DPPH (59.148 mg/l in 100% methanol)
and 4 ml of 100% methanol and the extract or
fraction at various concentrations. The reaction
mixture was allowed to stand for 30 min at room
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temperature and the radical scavenging activity of
each antioxidant was quantified by decolourization
at 517 nm. The RCs, value (mg/ml) is the concen-
tration at which the scavenging activity is 50%.

Reducing power

The reducing power was measured using a standard
method for compounds with antioxidant activity.
Extracts or fractions (0.01, 0.1, and 1.0 mg/ml)
were prepared in 80% methanol. For each sample
solution, 100 ul was mixed with 500 pl of 0.2 M
Na,PO, buffer (pH 6.6) and 500 pl of 1% potassium
ferricyanide. The reaction mixture was allowed to
stand for 20 min in a 50 °C water bath, then 2.5 ml
of 10% trichloroacetic acid was added. The mixture
was left for 10 min at room temperature, then a
500 ul aliquot was mixed with 500 pl of water
and 100 pl of 1% FeCl, and the absorbance was
measured at 700 nm.

Total phenolic and total flavonoid contents

The total phenolic content of the extracts was mea-
sured by Folin-Ciocalteu method. For the study
of total phenolic content, each extract fraction
(1.0 mg/ml) was prepared in water. The sample
(100 pl) was added to 50 pl of 2 N Folin-Ciocalteu
reagent and mixed for 3 min. After 300 pl of 20%
Na,CO, was added, the reaction mixture was left
for 30 min. Finally, 1 ml water was added and the
absorbance was measured at 725 nm. All measure-
ments were conducted in triplicate, and based on
the calibration curve for gallic acid. The data were
expressed as gallic acid equivalents per mg of the
extract.

The total flavonoid content of the extract and
fractions was measured as previously described. For
the measurement of total flavonoid content, each
extract fraction (1.0 mg/ml) was prepared in 80%
ethanol. The sample (100 pl) was added to 900 p.l
of 80% ethanol, and then aliquot of 500 ul was
mixed with 100 pl of 10% Al(NO,),, 100 ul of 1 M
potassium acetate, and 4.3 ml of 80% ethanol. The
reaction mixture was allowed to stand for 40 min
at room temperature, and then the absorbance was
measured at 415 nm. All measurements were con-
ducted in triplicate and the data were expressed as
the amount of quercetin (in g) per kg of the extract
based on the calibration curve for quercetin.

Cell culture

The human colon cancer cell line HCT-116 was
cultured in RPMI 1640 medium that contained 10%
foetal bovine serum (FBS), 2 mM L-glutamine, and
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100 units/ml penicillin and streptomycin. The cells
were maintained at 37 °C in an incubator under 5%
CO,,.
Cell proliferation assay

Cell proliferation was measured by a colorimetric
WST-1 cell viability assay (Takara, Japan). Cells
(1x10° per well) were exposed to various
concentrations (0.1, 1, and 10 pg/well) of the
samples or cisplatin (as a positive control) in 96-
well sterile plastic plates (Costar, New York). After
incubation at 37 °C for 24 h, 2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
monosodium salt (WST-1) reagent (10 pg/well)
was added. After incubation at 37°C for 4 h,
cell counts were determined by an ELISA reader
multilabel counter (Wallac VICTOR?Z, Japan) at
wavelength of 450 nm. The final concentration of
dimethyl sulphoxide (DMSO) in the cell samples
was less than 0.1%.

Wound healing assay

Cells were cultured in 24-well plates at 1x 10*
cells/well in medium supplemented with 10% foetal
bovine serum (FBS) and 1% antibiotics (penicillin
and streptomycin, 100 U/ml). The cells were
incubated in the absence of serum for 24 h and
wounded in a line across the well with a 200-ul
standard pipette tip. The wounded cells were then
washed twice with phosphate buffered saline (PBS)
followed by serum-free media supplemented with
10% FBS and 1% antibiotics (penicillin and strep-
tomycin, 100 U/ml) to remove cell debris. The
medium was removed and fresh growth medium
containing one of the F-RV fractions or cisplatin
(as a positive control) (10 wg/ml) was added. Af-
ter incubation at 37°C for 24 h, the plates were
washed twice with PBS followed by methanol for
10 min, and then dried. Cells were then stained
with 0.05% GIEMSA in water and dried. The plates
were examined using a camera connected to an
inverted microscope (Inverted Microscope AE 31,
Motic, China) at 100x magnification.

Invasion and morphology

Cells were cultured in 6-well plates at 1 x 10* cells/
well in medium supplemented with 10% FBS
and 1% antibiotics (penicillin and streptomycin,
100 U/ml). The cell invasion assay was performed
using a probe according to the manufacturer’s proto-
col with a BD invasion kit (BD Biosciences, Chicago,
IL, USA). The morphology was determined using
a camera connected to an inverted microscope at
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100x magnification. For the cell morphology assay,
cells were incubated in the absence of serum for
24 h and then treated with an F-RV fraction. After
incubation at 37 °C for 24 h, they were stained with
0.05% GIEMSA in water and then dried. The mor-
phology was determined using camera connected to
an inverted microscope at 400x magnification.

Measurement of apoptosis by fluorescence
activated cell sorting (FACS)

Fluorescence activated cell sorting (FACS) was per-
formed using an apoptosis signal probe according to
the manufacturer’s protocol with an FITC Annexin V
Apoptosis detection kit IT (BD Biosciences, Chicago,
IL, USA). Briefly, the fixed cells were pretreated
for 10 min in 70% ethanol at room temperature.
Analysis was performed by measuring fluorescein
isothiocyanate (FITC) and propidium iodide.

Western blot analysis

The effect of F-RV in inducing senescence, apop-
tosis and the hedgehog pathway was evaluated
by FACS and Western blot analyses. Cell lysates
were prepared by adding 20 ul RIPA lysis buffer
(Cell signalling) to the cell cultures. Proteins
were separated on 12% SDS-polyacrylamide gels
and were electrotransferred to PVDF membranes
(Millipore, Bedford, MA, USA), then rinsed with
100% methanol. Antibodies were obtained from
the following sources: caspase-8, caspase-9, and
sonic hedgehog (shh) were purchased from Cell Sig-
nalling Technology (Beverly, MA); Bcl2, p21, p53,
B-actin, patched, smoothened (SMO), Su(Fu), Glil,
and Gli2 were obtained from Santa Cruz Biotech-
nology (Santa Cruz, CA); and Bak was obtained
from Abcam (Abcam, Cambridge, MA). Detection
of specific proteins was carried out with an en-
hanced chemiluminescence assay. SMO and control
siRNA (Santa Cruz, CA) were measured according to
the manufacturer’s instructions using Lipofectamine
2000 (Invitrogen, Carlsbad, CA). Apoptosis was
shown by detection of caspase-8, caspase-9, Bcl-2,
and Bak. Senescence was shown by p21 and p53,
and hedgehog pathway activation was shown by
shh, patched, SMO, Su(Fu), Glil, and Gli2.

Measurement of cytokine in HCT-116 cell lysate

HCT-116 cells were cultured with F-RV extract or
fraction (20 pg/well) and the production of 10
cytokines was assayed with an array of cytokine
antibodies. The expression profile of the 10 dif-
ferent cytokines was determined using a RayBio
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human cytokine array V (RayBiotech) according to
the manufacturer’s instructions.

Statistical analysis

Data are expressed as mean=SD of the values.
Statistical significance was determined by ANOVA.
Duncan’s multiple range tests were used to deter-
mine the significance of differences between the
groups. A level of p < 0.05 was considered to be
significant.

RESULTS AND DISCUSSION
Radical scavenging assay

Free radical scavenging protects cells from oxi-
dation damage. Fig. la shows the DPPH radi-
cal scavenging activity of the F-RV extract and
fractions BHA and BHT. The methanol ex-
tract (RCsqg = 2.9£0.0 pg/ml) had the highest
DPPH radical scavenging activity, followed by the
ethyl acetate fraction (RCy, = 3.6%+0.0 pg/ml)
and then BHA (RCsy = 4#1 pg/ml) and BHT
(RCsp = 86.0£1.5 pg/ml). The DPPH radical
scavenging activity of the F-RV fractions showed
the following descending order: methanol ex-
tract > ethyl acetate fraction > butanol fraction
(RC5p =5.3+0.0 pg/ml) > water fraction (RCsy =
36.3+0.4 pg/ml) > n-hexane fraction (RCg, =
38.6+1.1 ug/ml). Reynertson reported a good
linear correlation between total phenolic and DPPH
antioxidant capacity’. The conclusions were in
agreement with Rosana et al, who reported that
the antioxidant potential of camu fruit, relates to its
phenolic contents®. From the above, these results
suggest that the antioxidant capacity is correlated
with phenolic compounds. Thus the methanol ex-
tract has a strong DPPH radical scavenging activity.

Reducing power

In this assay, the antioxidant activity of the extracts
on Fe®' from FeCl, was determined. The reduc-
ing power was determined using a modified Fe3*
to Fe?' reduction assay (Fig. 1b). The methanol
extract (1 mg/ml) had the highest reducing power
(ODyyy = 0.56) among the extract and fractions.
The reducing power was significantly correlated
with the DPPH radical scavenging activity. The
reducing power of the fractions showed the follow-
ing descending order: methanol extract > ethyl
acetate fraction (OD,q, = 0.50) > butanol frac-
tion (ODyqy = 0.36) > n-hexane fraction (OD;y, =
0.12) > water fraction (OD,y, = 0.08). BHA and
BHT (1 mg/ml) were used as positive controls
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Fig. 1 Comparison of antioxidant activities: (a) DPPH
radical scavenging assay; (b) reducing power; (c) total
phenolic content based on the calibration curve of gallic
acid; (d) total flavonoid content based on the calibration
curve of quercetin. M: methanol extract, H: n-hexane
fraction, E: ethyl acetate fraction, B: butanol fraction, W:
water fraction of F-RV. Values within the same panel
marked by a different letter are significantly different at
p < 0.05 by DMRT.

and showed reducing power of OD,y, = 1.76 and
ODq, = 1.04, respectively. A concentration de-
pendent activity increases reducing power induced
oxidation decrease was observed®!°. The methanol
extract and the ethyl acetate fraction showed both
strong antioxidant activity and strong DPPH radical
scavenging capacity.

Total phenolic and total flavonoid contents

The total phenolic and total flavonoid contents of
various extract fractions were compared with the
gallic acid (GAE) content (Fig. 1). Phenolic com-
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pounds have been shown to have antioxidant ac-
tivity!*. The total phenolic and flavonoid contents
were significantly higher in the methanol extract
and the ethyl acetate fraction than in the other
fractions. The methanol extract had the highest phe-
nolic content (GAE 448 £20 mg/ml), followed by
the ethyl acetate fraction (GAE 417.2+5.3 mg/ml).
The phenolic content was significantly correlated
with DPPH radical scavenging and reducing power.
The flavonoid content of the methanol extract (QE
188.5+8.7 mg/ml) and ethyl acetate fraction (QE
261+28 mg/ml) was also very high. Unlike the
antioxidant activities, however, the flavonoid con-
tent was not significantly different from that of the
butanol fraction (QE 261 £ 28 mg/ml). Antioxidant
activities may be affected by the phenolic content
of the plant chemical compounds. The associa-
tion between antioxidant activities and phenolic
compounds has been studied extensively. Natural
phenolic compounds from many plants show scav-
enging activity against free radicals. Studies of
R. verniciflua have shown that antioxidant activities
are present in many compounds such as gallic acid,
quercetin, fustin, fiestine, butein, and sulphuretin®.
Antioxidant activity of phenolic compounds was
correlated with their chemical structures'?. In
general, free radical scavenging and antioxidant
activity of phenolic compounds mainly depend on
the number and position of hydrogen-donating hy-
droxyl groups on the aromatic ring of the phenolic
molecules, and is also affected by other factors, such
as glycosylation of aglycones, or other H-donating
groups (-NH, -SH). Flavonoid compounds are im-
portant constituent of the phenolic families present
in food stuffs and nutraceutical products. Flavone
C-glucoside compounds of common herbs have im-
portant antibacterial activities. Some phenolic com-
pounds for example, flavonoids such as quercetin,
myricetin, and kaempferol, containing multiple hy-
droxyl groups had higher antioxidant activity. In this
study, the ethyl acetate fraction showed the lower
total polyphenol content and antioxidant activity
than the methanol extract, but the flavonoid con-
tents are higher than the methanol extract. Further
studies are needed to identify the flavonoid com-
pounds that play the role of antioxidant from the
methanol extract and the ethyl acetate extract.

Inhibition of cancer cell viability, proliferation,
and invasion

The effects of F-RV on cell viability were determined
by the WST-1 assay in HCT-116 cells, which have
a mutation of KRAS codon 13. Cells were treated
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Fig. 2 Cell viability after treatment with F-RV extract.
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Fig. 3 Wound healing (magnification, 100x). Cisplatin
(cis) at concentrations of 1, 10, and 100 uM was used as
the positive control.

with various concentrations of F-RV fractions in cell
medium for 24 h. The cell viability values indicated
anticancer activity. Fig. 2 shows that the ethyl
acetate fraction significantly inhibited the growth
of cancer cells, compared with cisplatin. The re-
sults agree with those of a study using RV. The
ethyl acetate fraction showed the lowest viability
of HCT-116 cells (53+7%) at a concentration of
10 pug/well. In many studies, cell viability could be
related to senescence and apoptosis. We monitored
the ability of extract and fractions from F-RV to show
cytotoxic activity in the cancer cell line. Inhibition
of cancer cell growth and smaller cell size were
observed, which are generally typical of apoptotic
activation'>'*. Wound healing was examined us-
ing HCT-116 cells. The wound area remaining
at 24 h was taken as an index of wound healing
(Fig. 3). Cells treated with 100, 10, 1, and 0.1 uM
cisplatin (positive control) showed a significantly
greater wound area than in the negative control.
Similar results were obtained with the F-RV extract
and fractions. The composition and quality of
herbal medicines are closely related as herbal drugs
with different functions contain different active con-
stituents 1>, Loganayaki et al reported that the yield
of total phenolic compounds is dependent on the
solvent. The recovery of polyphenolic compounds
from plant materials is influenced by the solubility of
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Fig. 4 Invasion assay: (a) normal; (b) extract; (c) F-RV
ethyl acetate fraction (10 pg/well); (d) F-RV ethyl acetate
fraction (20 p.g/well) (magnification, 100x).

their in the extraction solvent used 6. Other studies
have also reported that the activity of extracts varies
according to the solvent. In addition, the ethyl
acetate fraction significantly inhibited the growth
of cancer cells compared to other fractions. This
was most probably due to the presence of flavonoid
compounds, which were responsible for the strong
anticancer activities. Flavonoids are a large group
of polyphenolic compounds 7 well-known as dietary
antioxidants. These compounds have important
effects on cancer chemoprevention and play a key
role in reducing cancer cell proliferation'®. Our
study shows that F-RV has an inhibitory effect on cell
proliferation and can induce apoptosis of the HCT-
116 cancer cell line (Fig. 4 and Fig. 5). These results
suggest that F-RV should be useful for treatment of
human cancers. Anti-cancer activity is significantly
associated with total flavonoid content!?, and some
studies have shown cell damage activity of specific
flavonoid compounds?% 2,

F-RV induced senescence, apoptosis, and
hedgehog pathway

Senescence and apoptosis occurred in HCT-116 cells
treated for 24 h (Figs. 6-8). We also found that
treatment with SMO siRNA for 4 h modulated
hedgehog downstream signals in HCT-116 cells,
which is consistent with the suggestion that F-RV-
activated signalling could contribute to activation of
an SMO inhibitor. In some studies, the expression of
hedgehog pathway-related signalling molecules was
explored for several cell lines. Although our results
are limited to the HCT-116 cell line, F-RV can inhibit
the proliferation of HCT-116 cell line by inhibiting
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Fig. 5 Apoptotic body induced by the F-RV ethyl acetate fraction (magnification, 400x).

o
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Fig. 6 Under identical conditions for FACS analysis,
the percentage of apoptotic cells was expressed as the
sum of Q2 (late state of apoptosis) and Q4 (early state
of apoptosis); (a) control, (b) 1 pg/ml, (c) 5 pg/ml,
(d) 10 pg/ml.

Procaspase 8
Cleaved caspase 8
Procaspase 9
Cleaved caspase 9
Bcl-2
Bak
p21
p53

B-actin

Fig. 7 Western blot of apoptosis and senescence.

hedgehog signalling pathway. Moreover, the study
showed that F-RV inhibited the expression of Bcl-2
and promoted the expression of Bax, and induced
the cleaved caspase-8 formation. Moreover, cellular
senescence was associated with arrested growth and
modified phenotype in culture. That phenotype
modification was a change in the secreted cytokines,
which was a senescence-associated change in HCT-

HCT-116

F-RV-E_-_ __+
(20ug)

HCT-116

+

si-RNA

|

shh
Patched
SMO(sc-1666
Su(Fu)
Gli1
Gli2

B-actin

Hedge hog (off) Hedge hog (off)

Fig. 8 Western blot of hedgehog signal pathway.

116 cells attributable to F-RV. There have been few
studies of the hedgehog pathway inhibitory effect.

F-RV induced cytokine change in whole cell
lysate

Our results suggest that cytokines interact with F-RV
in HCT-116 cells, and affect the interaction of other
response signals. These results showed that trans-
forming growth factor p (TGF-p) was up-regulated
in whole cell lysate. Many studies have shown
that TGF-p up-regulation prevents phosphorylation
of pRB. The loss of phosphorylated pRB mediates
progression to cell cycle arrest, together with dereg-
ulation of cyclins and CDKs. However, we did not
examine pRB, cyclins, or CDKs.

Conclusion

Clearly, our results show that F-RV has antioxidant
and anticancer properties and has the ability to
induce senescence or apoptosis and inhibits the
hedgehog pathway. R. verniciflua has very limited
use as a medicine or foodstuff. A fermenting biolog-
ical system however can detoxify RV by removing
the allergen, allowing the use of F-RV as a bioactive
food and for the development as an anticancer drug.
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