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Abstract - Stachys affinis tubers are known for its high content of stachyose and eaten as an edible vegetable. In this work,
we assessed on the anti-inflammatory and anti-proliferation activity of a various type of extracts derived from S. affinis
tubers. The n-hexane and dichloromethane fractions were showed the high cytotoxicity on the cell lines including
RAW264.7 macrophages, HEK293 human kidney cell, A549 human lung cancer cell, KB human oral cancer cell, and a
PC-3 human prostate cancer cell. N-butanol and water fractions were not exhibited cytotoxicity on the tested cancer cells,
limited in anti-inflammatory and anti-cancer activities. Nevertheless, the ethyl acetate fraction showed little harm to
RAW264.7 cells but inhibited the production of nitric oxide (NO) and prostaglandin E2 (PGE2) significantly. In addition,
it arrests the cell growth in A549, KB, and PC-3 cell while little cytotoxicity on HEK293 cells. Consequently, these results
supported that the ethyl acetate fraction of S. affinis tubers could be a potential anti-inflammatory and anti-cancer ingredient.

Key words - Anti-cancer, Anti-inflammatory, PGE2, Stachys affinis

Introduction

Stachys affinis also called S. sieboldii, is a perennial plant
which tubers are eaten as vegetables for residents, with a
prismatic stem about 40-60 cm tall and ovoid leaves opposite
covers with softy hair. It has been cultivated in Europe in the
nineteenth century and present all over the world. The tubers
of S. affinis were rich in a-galactosidase and stachyose.
Stachyose is an oligosaccharide can be directly consumed and
benefit for the gastrointestinal system (Serensen ez al., 2011).
Therefore, most researchers focused on the sugars and enzymes
in S. affinis tubers. The methyl-a-D-galactopyranoside was
separated from 60 % methanolic extract of S. affinis tubers
(Kato et al., 1979). The a-galactosidase has been isolated and
measured the activity from S. affinis tubers (Ueno et al., 1980).
Three new phenethyl alcohol glycosides named stachysosides
A, B, C from the S. sieboldii leaves (Nishimura et al., 1991).
The extraction method was optimized with stachyose or
polysaccharides (Yin ez al., 2006; Feng et al., 2015). Recently,
nine polar compounds were isolated from an n-butanol
partitioned ethanolic extract of S. affinis tubers (Venditti et
al, 2017).
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The natural sourced bioactive compounds had been noticed
due to its therapeutic potentials such as anti-microbial, anti-
oxidant, anti-inflammatory, and anti-cancer (Park and Cho,
2014; Lee and Yoon, 2014; Yi et al., 2017; Ko et al., 2014).
According to our knowledge, few reports were found to
support the pharmaceutical use of S. affinis. The acteoside,
phenylethanoid glycoside, and stachysoside C were capable
anti-anoxia agents (Yamahara et al., 1990). Venditti et al.
(2017) were researched on the anti-cancer effect of ethanol
extract of S. affinis and no effect on K562, SH-SYSY, and
Caco-2 cells even at 1.0 mg/ml, but they found that the
ethanolic extracts had high activity of scavenging reactive
oxygen species (ROS).

The richest phenolics and flavonoids in Stachys taxa were
chlorogenic acids, isoquercitrin, luteolin 7-o glucoside, rutin,
and quercitrin; these compounds are useful anti-inflammatory
and anti-cancer ingredients which suggested the biological
activity of S. affinis was worthy to be researched (Vunda¢ et
al., 2005).

Materials and Methods

Chemicals and reagents
DMSO, 3-[4,5-dimethylthia-zol-2-y1]-2,5-diphenyl tetrazolium
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bromide (MTT), was purchased from Sigma (St, Louis, MO,
USA). RPMI medium 1640, Dulbecco’s Modified Eagles
Medium (DMEM) and fetal bovine serum (FBS) were acquired
from Hyclone (Logan, UT, USA). The culture supplies were
purchased from SPL Brand Products (SPL, Korea). All other
chemicals or reagents used were of analytical grade and

distilled water was used in all the experiment.

Extraction

The tubers of S. affinis were collected and identified by
Professor Myeong-Hyeon Wang (Department of Medical
Biotechnology, Chuncheon, Korea). The dried sample was
powdered by a pin crusher (Myungsung Machine, Seoul,
Korea) and the powders were extracted 3 times with 70%
ethanol. 70% ethanolic extract was filtered through filter
paper (100 mm; Whatman, Maidstone, UK) and evaporated
using a vacuum rotary evaporator (CCA-1110; Eyela, Tokyo,
Japan). The dried extract was partitioned by the different
polar solvent in the order of n-hexane, dichloromethane, ethyl
acetate, n-butanol, and water. Each of the solvent repeated for
twice and the filtered solvent was concentrated under a

reduced pressure.

Cell line and culture

RAW264.7 (macrophage), HEK293 (human kidney cell),
A549 (human lung cancer cell), KB (human oral cancer cell)
and PC-3 (human prostate cancer cell) cell lines were
purchased from Korean Cell Line Bank (KCLB, Seoul,
Korea). The cultivation of RAW264.7, KB, and PC-3 cell line
were grown in RPMI medium 1640 medium supplemented
with 10% FBS, 100 U penicillin, and 1% streptomycin.
HEK293 and A549 were cultivated in DMEM medium
supplemented with 10% FBS, 100 U penicillin, and 1%
streptomycin. All the cells were cultured under the condition
of 37°C with 5% CO..

Cytotoxicity on RAW 264.7 cells

Cell viability was analyzed using MTT according to the
method described earlier (Nayak et al, 2016). Cells were
plated at a density of 2x10° cells/ml in 96-well plate for 18 h.
Sample solution at various concentrations was added to the

wells independently and incubated for 24 h. After incubation,

the medium and 100 pl of 500 rg/ml MTT solution (diluted
by FBS-free medium) was carefully added to each well.
Plates were further incubated for 3 h, supernatants were
flicked off from the wells and the crystal was dissolved in 200
um of DMSO. The optical density was measured at an
absorbance of 550 nm using a microplate plate reader
(Bio-Tek, Winooski, VT, USA).

Determination of nitric oxide production of LPS-stimulated
RAW 264.7 cells

The level of nitric oxide production in cell culture super-
natant was determined according to Griess reaction (Sastry et
al., 2002). The RAW 264.7 cells were seeded in 96-well
plates at a density of 1x10° cells/well for 16 h. The cells were
pre-treated with the sample and stimulated with LPS (1 ©g/
ml) for 24 h. Subsequently, 100 ul of each supernatant was
carefully transferred into a new 96-well plate and 100 ul of
Griess reagent (1% sulfanilamide in 5% phosphoric acid, 50
ul; 0.1% naphthyl-ethylenediamine dihydrochloride, 50 nl)
was added to the wells. After 10 min incubation, the absorbance

was measured at 550 nm with an ELISA.

Determination of prostaglandin E2 production of LPS-
stimulated RAW 264.7 cells

The release of prostaglandin E2 after treatment of sample
on LPS-stimulated RAW 264.7 cells was detected by a PGE2
ELISA kit (Enzo Life Science Inc, USA) according to the
manufacturer’s protocol. The supernatant of 100 pl from
each well was transferred to goat anti-mouse IgG 96-well
plate. 50 pl of the conjugate and 50 nl of antibody were
added to each well expect the blanks. After 2 h incubation at
room temperature, all the supernatant was removed and the
plate was washed with wash solution 3 times. The substrate
solution (200 1l) was added to each well and incubated for 30
min. The absorbance was measured at 405 nm after add 50 pl

of stop solution. PGE2 was calculated by the standard curve

(pg/ml).

Anti-proliferation activity and cytotoxicity
A549, KB, and PC-3 human cancer cell were used to
determine the anti-proliferation activity of samples on cancer

cells, and HEK293 human embryonic kidney cell was used to
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evaluate the cytotoxicity of the control group. The cells were
seeded in 96-well plate at the density of 2x10* cells/well for
24 h at 37°C with 5% CO., the appropriate concentration of
samples was added on the wells and further incubated for 24
h. The medium was discarded from the wells and add 200 ul
of MTT solution (diluted by FBS-free medium) into each
well without disturbing the cells. After 4 h incubation, the
supernatant was removed from the wells and the deep purple
crystal was dissolved in 200 1l DMSO. The absorption was
detected at 550 nm by an ELISA plate reader (Bio-Tek, VT,
USA). The anti-proliferation activity and cytotoxicity were

calculated by the percentage of untreated control.

Statistical analysis

All tests were taken out in triplicate (n=3) and results are
expressed in terms of mean + standard deviation. Comparisons
were performed using one-way analysis of variance (ANOVA)
followed by Duncan’s test using SPSS 21 software (IBM,
USA).

Results

Cytotoxicity of fractions from S. affinis tubers on RAW264.7
cells

According to Fig. 1, the dichloromethane fraction exhibited
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Fig. 1. Cytotoxicity of fractions from S. affinis tubers on
RAW264.7 cells. Values were expressed as the mean + SD
(n = 3).The difference was conducted from fractions, means
share different character significantly different (p <0.01).
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the strongest cytotoxicity on RAW264.7 cells even at the lowest
concentration. The exposure of cells with dichloromethane
fraction (50 pg/ml) was showed the cell viability of 63.17 %,
and it was decreased significantly with the increase of extract
concentration, and it was found as 19.02 % at 200 wg/ml of
extract concentration. N-hexane fraction exhibited strong
cytotoxicity at 50 ¢g/ml and haven’t changed along with the
increasing concentration. Ethyl acetate fraction at 200 g/ml
persevered 78.67% of cells and considered had a little
cytotoxicity. Water and n-butanol fractions had no influence

on cells at either concentration.

Nitric oxide inhibition activity of fractions from S. affinis
tubers

Fig. 2 revealed the nitric oxide (NO) inhibition activity of
the fractions from S. affinis tubers. The results suggested
dichloromethane fraction almost abolished all the NO
production at 200 yg/ml, followed by ethyl acetate and
n-hexane fraction, the three fractions showed an inhibition of
NO more than 90 %. On the contrary, n-butanol fraction
exhibited lower activity on NO inhibition. Moreover, all the
fractions inhibited the NO production in a concentration-
dependent manner except water fraction, it had no activity of

NO inhibition even if the highest concentration of 200 zg/ml.
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Fig. 2. Nitric oxide inhibition activity of fractions from S.
affinis tubers on LPS-stimulated RAW264.7 cells. Values
were expressed as the mean + SD (n = 3).The difference was
conducted from fractions, means share different characters
significantly different (p <0.01).
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Fig. 3. The release of PGE2 of LPS-stimulated RAW 264.7
cells with the exposure to fractions from S. affinis tubers for 24
h. Values were expressed as the mean + SD (n = 3).The
difference was conducted from fractions, means share different
characters significantly different (p <0.01).

Inhibition of prostaglandins E2 production

It can be concluded from Fig. 3 that the PGE2 production
significantly inhibited by ethyl acetate fraction at 200 xg/ml,
followed by n-hexane, dichloromethane, n-butanol, and a
water fraction. All the fractions suppressed the release of
PGE2 in a concentration-dependent manner although water
fraction still remained a high level of 2145.08 pg/mlmL at
200 pg/ml treatment.

Cytotoxicity of fractions from S. affinis on HEK293 cells

Results have been carried out on the percentage of
untreated controls. Fig. 4 shows that the cytotoxicity of
n-hexane and dichloromethane fractions was at an extremely
high level that after exposure to 50 rg/ml of fractions for 24 h,
the HEK293 cell viability was only 55.21 and 51.87 %,
respectively. When the concentration is 200xg/ml, the
percentage of living cells decreased to 33.54 and 22.00 %,
respectively. Conversely, the ethyl acetate, n-butanol, and
water fractions had no impact on cell growth in the tested

concentration interval.

Anti-proliferation activity of fractions from S. affinis on
cancer cells

The anti-proliferation activity was evaluated by MTT
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Fig. 4. Cytotoxicity of fractions from S. gffinis tubers on
HEK293 kidney cells. 10° of cells were exposed to fractions at
the indicated concentration for 24 h, cell viability was
measured by MTT assay and calculated by the percentage of
untreated control. Values were expressed as the mean + SD
(n = 3).The difference was conducted from fractions, means
share different characters significantly different (p <0.01).

assay and calculated as the percentage of the control group.
Fig. 5A revealed the anti-proliferation activity of S. affinis on
A549 cells. With the exposure to 50 pg/ml of fractions for 24
h, dichloromethane fraction controlled the cell growth by
60.17 % alive cells was remain and exhibited the strongest
inhibition activity, followed by n-hexane and ethyl acetate
fraction. The three fractions suppressed the cell proliferation
in a concentration-dependent manner. For n-butanol and
water fraction, however, no significant difference had been
found compared with the untreated control. Similarly, the
same trend has been found in KB (Fig. 5B) and PC-3 (Fig.
5C) cells.

Discussion

Natural compounds such as phenols or flavonoids have
been considered as beneficial for some inflammatory diseases
(Arulselvan et al., 2016; Wang et al., 2016). Nitric oxide
(NO) is the crucial pro-inflammatory factor take part in the
chronic or acute diseases induced by inflammation (Bryan
and Lancaster Jr, 2011; Pacher et al., 2007). It is generated by
NOS (NO synthase) enzymes and regulates several inflammatory
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Fig. 5. Anti-proliferation activity of fractions from S. affinis tubers on A549 (A), KB (B), and PC-3 (C) cancer cells. The 10° of cells
were exposed to fractions at the indicated concentration for 24 h, cell viability was measured by MTT assay and calculated by the
percentage of untreated control. Values were expressed as the mean + SD (n = 3). The difference was conducted from fractions,

means share different characters significantly different (p <0.01).

related mediators and cytokines of the inflammatory cells
(Moilanen and Vapaatalo, 1995). The other important
inflammatory mediator is PGE2, which plays a key role in the
pathogenesis of several inflammatory diseases (Nakanishi
and Rosenberg, 2013; Rechenberg et al, 2016). Lipopoly-
saccharide (LPS), which is a substance separated from
bacteria own the powerful ability to activate the immune
response in macrophages (Xu et al., 2017). Accordingly, the
activity of NO and PGE2 in LPS-activated cells can be used
as a marker to screen the anti-inflammatory extracts (Dos
Santos et al., 2006; Yi et al., 2017). Based on the result in Fig.
1 and Fig. 2, in spite of n-hexane and dichloromethane
fractions, possessed superior performance of NO inhibition,

we consider ethyl acetate fraction was better anti-inflammatory

ingredient as the cytotoxicity of both n-hexane and dichloro-
methane fractions were at very high level. The same reason
on the PGE2 release of LPS-stimulated RAW264.7 cell,
although n-hexane and dichloromethane fraction showed a
potent inhibition activity of PGE2 even if the concentration
was only 50 £g/ml, we could not consider they were effective
inhibitors in the release of PGE2. Thus, the ethyl acetate
fraction showed strong inhibition activity of the NO and
PGE2 release that was the most potent anti-inflammatory
ingredient among the five fractions.

The plant sourced bioactive compound which is capable of
arresting cell growth in cancer cells had been noticed for
cancer chemo-preventive approaches (Kim et al, 2017,

Belayachi et al., 2017; Guo and Wang, 2017). To measuring
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the cytotoxicity and the anti-proliferation activity, MTT
assay was one of the most often used methods in vitro (Gerlier
and Thomasset, 1986). MTT is a tetrazolium salt and can
be reduced by succinate dehydrogenase in the mitochondria
to form the deep purple color crystal, this compound is
impermeable to the membrane of cells. In this regards, the
formazan crystal only can preserve in live cells, hence, was
taken for the anti-cancer activity evaluation (van Meerloo et
al, 2011; Kim et al., 2017). The cytotoxicity and anti-
proliferation activity of S. affinis was carried out against
HEK293 human normal cells, A549 human lung cancer cells,
KB human oral cancer cells, and PC-3 human prostate cancer
cells. As explained in the result, although n-hexane and
dichloromethane fractions exhibited the strongest anti-
proliferation effect in the A549, KB, and PC-3 cancer cells,
HEK293 cells remained 55.21 and 51.87 % of alive after
exposed to 50 ¢g/ml of the fraction for 24 h respectively (Fig.
4 and 5). On the contrary, n-butanol and water fractions had
slight influenced the cell viability with the exposure to
50-200 pg/ml fractions for 24 h in either cell. Unlike the other
4 fractions, ethyl acetate fraction showed no harm to HEK293
cells in the tested concentration but suppressed the A549,
KB, and PC-3 cells growth significantly in a concentration-
dependent manner. Therefore, ethyl acetate fraction was
considered to have anti-cancer activity.

In summary, the current results demonstrated that the ethyl
acetate fraction from S. gffnis exerts a superior anti-inflammatory
effect on LPS-stimulated RAW264.7 cells and also possess
better anti-proliferation activity on A549, KB, and PC-3 cell
lines. These promising findings proved the tubers of S. affairs
not only can be eaten as the vegetable but also suggested its

potential to be used in pharmaceutical industry.
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