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Abstract. Mecasin, a traditional medicine, contains
nine herbal constituents: Curcuma longa, Salvia miltio rhiza,
Gastrodia elata, Chaenomeles sinensis, Polygala tenuifolia,
Paeonia japonica, Glycyrrhiza uralensis, Atractylodes japonica
and processed Aconitum carmichaeli. Several biological effects
of mecasin have been described both in vivo and in vitro. Previous
studies have demonstrated that mecasin has anti-inflammatory
effects. The purpose of the present study was to determine
anti-inflammatory effects of mecasin and its natural product
constituents on lipopolysaccharide (LPS)-stimulated BV2 cells
by measuring nitrite and nitric oxide contents. Nitrite produc-
tion levels in LPS-stimulated BV2 cells incubated with mecasin
and each individual constituent of mecasin were measured. The
results suggested that C. longa, P. tenuifolia and P. japonica
inhibited nitrite production in a pattern similar to that of
mecasin. The effect of mecasin was likely a result of synergistic
effects of its natural herb constituents.

Introduction

Microglia are widely distributed in the brain and spinal cord.
Immune abnormalities occurring in degenerative diseases
of the central nervous system are mainly characterized
by excessive activation of microglia and elevated levels of
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inflammatory factors in specific brain regions (1). Excessive
activation and proliferation of microglia in numerous
neurodegenerative diseases are important manifestations of
inflammatory responses of central nervous system diseases
such as Parkinson's disease, Alzheimer's disease, amyo-
trophic lateral sclerosis, cerebellar atrophy and multiple
sclerosis. According to previous studies, excessive activation
of microglia and continuous releases of nitric oxide (NO),
inducible NO synthase (iNOS), interleukin-1§ (IL-1f) and
other pro-inflammatory factors are causes of neuronal cell
death (2-4). These inflammatory factors have strong toxic
effects on neurons, ultimately leading to degeneration and
necrosis. Therefore, inhibiting microglia hyperactivation
is currently an important strategy for treating neurological
diseases. Microglia may be activated by lipopolysaccharide
(LPS), interferon-y and B-amyloid, resulting in the production
of inflammatory cell mediators.

Mecasin (KCHO-1, Gamijakyakgamchobuja-tang),
has anti-inflammatory and antioxidant properties. It
is composed of Curcuma longa, Salvia miltiorrhiza,
Gastrodia elata, Chaenomeles sinensis, Polygala tenui-
folia, Paeonia japonica, Glycyrrhiza uralensis,
Atractylodes japonica and processed Aconitum carmi-
chaeli (5,6). Through continuous research in recent years,
various medical effects of mecasin have been discovered.
For instance, it was demonstrated to have a role in reducing
pain, the regeneration of gamma-aminobutyric acid neurons
and NO reduction in neuropathic pain of rats (5). It also
has anti-seizure, analgesic, antipyretic, anti-inflammatory,
anti-ulcer, osteoarthritis-suppressing, neuro-protective and
anti-neuroinflammatory effects. Its safety has also been
demonstrated in both in vitro and in vivo trials (7-15).

Previous studies have indicated that mecasin acts by
inducing heme oxygenase 1 expression and suppressing
nuclear factor kB (NF-kB)-mediated production of proinflam-
matory mediators, cytokines and proteins in LPS-stimulated
microglia (10). However, the contribution of each herbal
medicine constituent to the effect of mecasin has remained
elusive. Therefore, the objective of the present study was to
determine whether constituents of mecasin may have syner-
gistic anti-neuroinflammatory effects using LPS-stimulated
BV2 cells.
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Materials and methods

Materials. Tissue culture reagents such as RPMI 1640
and fetal bovine serum (FBS) were purchased from Gibco
(Thermo Fisher Scientific, Inc.). All chemicals were
obtained from Sigma-Aldrich (Merck KGaA). Primary
antibodies including anti-cyclooxygenase (COX)-2
(cat. no. SC-376861), anti-iNOS (cat. no. SC-7271) and
anti-f-actin (cat. no. SC-47778) were purchased from Santa
Cruz Biotechnology, Inc. Anti-rabbit (cat. no. AP132P) and
anti-mouse (cat. no. AP124P) secondary antibodies were
purchased from EMD Millipore.

Cell culture and cell viability assay. BV2 microglia were
donated by Youn-Chul Kim, Wonkwang University (Iksan,
Korea). BV2 microglia were seeded at 5x10° cells/ml in
RPMI 1640 supplemented with 10% heat-inactivated FBS,
penicillin G (100 units/ml), streptomycin (100 mg/ml), and
L-glutamine (2 mM) and incubated at 37°C in a humidified
atmosphere containing 5% CO,. For the determination of
cell viability, 50 mg/ml of MTT was added to 0.1 ml of each
well (1x10° cells/ml in 96-well plates) for 4 h. The resulting
formazan was dissolved in DMSO, after which the optical
density of the solution was measured at 540 nm using an
ELISA microplate reader (Model 550; Bio-Rad Laboratories
Inc.). The optical density of the formazan solution from control
(untreated) cells was considered to represent 100% viability.

Proportions and concentrations of individual ingredients of
mecasin. Mecasin and its herbal medicine constituents were
obtained from Hanpoong Pharm & Foods. The concentration
of the individual ingredients was determined based on concen-
trations of mecasin at 25, 50, 100 and 200 pg/ml (Table I).

Nitrite assay. BV2 microglia were cultured in 48-well plates
at a density of 5x10° cells/well (100 pl) for 12 h. Subsequently,
the cells were pre-treated with indicated concentrations
of each test sample for 3 h and then stimulated with LPS
at 1 pg/ml for 24 h. The amount of NO released from cells into
the medium was then measured using Griess reagent [0.1% wv
N-(1-naphathyl)-ethylenediamine and 1% (wv) sulfanilamide
in 5% (vv) phosphoric acid]. The absorbance of each well was
then measured at 570 nm using an ELISA microplate reader
(Model 550; Bio-Rad Laboratories Inc.). NO was quantified
using a standard curve.

Western blotting analysis. The pelleted BV2 microglia
were washed with PBS, and then lysed using RIPA buffer
(Thermo Fisher Scientific, Inc.; cat. no. 89900). Equal
quantities of proteins (30 ug) were quantified using Protein
Assay Dye Reagent Concentrate obtained from Bio-Rad
Laboratories, mixed in the sample loading buffer and sepa-
rated by 7.5% SDS-PAGE. Separated proteins were transferred
to a nitrocellulose membrane. Non-specific binding to the
membrane was blocked by incubating with a solution of
5% skimmed milk at 37°C for 1 h. The membrane was incu-
bated with primary antibodies including COX-2 (1:1,000),
iNOS (1:1,000) and p-actin (1:1,000) at 4°C overnight, and then
reacted with horseradish peroxidase-conjugated rabbit (goat
anti-rabbit IgG; 1:5,000) and mouse (goat anti-mouse IgG;

1:5,000) secondary antibodies at 37°C for 1 h, followed by ECL
detection (GENDEPQOT Laboartories; cat. no. W3652-020).
Quantitative densitometric analysis was conducted using
Imagel] software 1.47v (National Institutes of Health).

Statistical analysis. Quantitative data are expressed as the
mean =+ standard deviation of at least three independent experi-
ments. To compare among three groups, one-way analysis of
variance was used followed by Dunnett's test. All statistical
analyses were performed using GraphPad Prism software,
version 5.01 (GraphPad Software Inc.). P<0.05 was considered
to indicate a statistically significant difference.

Results

Comparison of cell viability. Cytotoxicity was measured using
the MTT assay. The results indicated that C. longa and G. elata
were cytotoxic at a concentration of 100 xg/ml or higher, while
P. tenuifolia and P. japonica were cytotoxic at a concentration
of 200 ug/ml or higher. No toxicity was observed for mecasin
at concentrations of <200 yg/ml and the maximum concentra-
tion used in the present study was within the concentration
range that caused no toxicity (Figs. 1-3).

Inhibition rate of nitrite production. BV2 cells were
pre-treated with each test sample at the indicated concen-
trations for 3 h and then stimulated with LPS at 1 pug/ml
for 24 h. The concentration of individual ingredients was
set based on concentrations of mecasin at 25, 50, 100 and
200 pg/ml (Table I). The inhibition rate of nitrite production
was compared after this concentration was set. Mecasin at 25,
50, 100 and 200 pug/ml contained C. longa at 4.35,8.7, 17.4 and
34.8 ug/ml, respectively. For mecasin, the inhibition rate of
nitrite production was 14.5% at 25 ug/ml, 38.8% at 50 ug/ml,
61.2% at 100 ug/ml and 88.0% at 200 ug/ml. For C. longa,
which had the greatest inhibitory effects on nitrite produc-
tion among individual constituents, the inhibition rate of
nitrite production was 4.2% at 4.35 pg/ml, 21.1% at 8.7 ug/ml,
34.8% at 17.4 pug/ml and 71.9% at 34.8 pg/ml. When inhibi-
tion rates of nitrite generation were compared, mecasin had
a higher rate than its individual constituents. Its inhibition
effect on nitrite production was dose-dependent. Among its
ingredients, C. longa had the highest inhibition rate, followed
by P. tenuifolia and P. japonica. The remaining six individual
herbal components did not exert any significant inhibition on
nitrite production (Table II; Figs. 4-6).

Comparison of nitrite production by mecasin and its
constituents at the same concentration. BV2 microglia
were cultured for 12 h. After 12 h, cells were pre-treated
with each test sample at the indicated concentration for 3 h
and then stimulated with LPS for 24 h. Next, the concen-
tration-dependent nitrite reduction effect of mecasin was
compared with that of each constituent at the same concen-
tration. The results indicated that C. longa, P. tenuifolia and
G. uralensis had similar inhibitory effects on nitrite produc-
tion, while S. miltiorrhiza had a relatively weak inhibitory
effect on nitrite production. However, the remaining five
individual constituents had no significant effect on nitrite
reduction (Figs. 7-9).
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Table I. Composition of mecasin and proportions of its constituents.

Individual ingredient Ratio (%) Treatment concentration by ratio of mecasin concentration (¢ g/ml)
Curcuma longa 174 435,8.7,174,34.8
Salvia miltiorrhiza 174 435,8.7,174,34.8
Gastrodia elata 17.4 435,8.7,17.4,34.8
Chaenomeles sinensis 8.7 2.17,4.35,8.7,174
Polygala tenuifolia 8.7 2.17,435,8.7,174
Paeonia japonica 8.7 2.17,435,8.7,174
Glycyrrhiza uralensis 8.7 2.17,4.35,8.7,174
Atractylodes japonica 8.7 2.17,4.35,8.7,174
Processed Aconitum carmichaeli 435 1.09,2.17,4.35,8.7
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Figure 1. Comparison of cell viability after treatment with mecasin,
Curcuma longa, Salvia miltiorrhiza and Gastrodia elata. BV2 cells were
incubated with each sample at indicated concentrations for 24 h. Cell
viability was determined using an MTT assay. Values are expressed as the
mean + standard deviation of three independent experiments. ““P<0.001
compared to the control (untreated group).
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Figure 2. Comparison of cell viability after treatment with mecasin,
Chaenomeles sinensis, Polygala tenuifolia and Paeonia japonica. BV2 cells
were incubated with test sample at indicated concentrations for 24 h. Cell
viability was determined using an MTT assay. Values are expressed as the
mean = standard deviation of three independent experiments. ““P<0.001
compared to the control (untreated group).

Comparison of inhibitory effects of mecasin and its
constituents on iNOS and COX-2 expression. It is well
known that iNOS and COX-2 are responsible for the produc-
tion of nitrite in LPS-induced microglia cells. Thus, it was

Figure 3. Comparison of cell viability after treatment with mecasin,
Glycyrrhiza uralensis, Atractylodes japonica and processed
Aconitum carmichaeli. BV2 cells were incubated with test sample at
indicated concentrations for 24 h. Cell viability was determined using an
MTT assay. Values are expressed as the mean + standard deviation of three
independent experiments.
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Figure 4. Effects of mecasin, Curcuma longa, Salvia miltiorrhiza and
Gastrodia elata on nitrite production. Cells were pretreated with test sample
at indicated concentrations for 3 h and stimulated with LPS at 1 yg/ml for
24 h. The nitrite concentration was determined as described in the nitrate
assay paragraph of the Materials and methods. Values are expressed as the
mean + standard deviation of three independent experiments. ““P<0.001 vs.
LPS group. The control is the untreated group. LPS, lipopolysaccharide.

examined whether the mecasin exerted its inhibitory effect
on LPS-induced nitrite production through regulating iNOS
and COX-2 expression by using western blot analysis. BV2
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Table II. Nitrite inhibition percentages of mecasin and its constituents.

Nitrite inhibition (%)

Item Concentration 1 Concentration 2 Concentration 3 Concentration 4
Mecasin 14.5 38.8 61.2 88.0
Curcuma longa 42 21.1 348 719
Salvia miltiorrhiza 3.0 12.1 12.6 19.8
Gastrodia elata 119 8.8 13 114
Chaenomeles sinensis 13.3 152 19.6 21.0
Polygala tenuifolia 5.0 54 27.7 38.8
Paeonia japonica 14 18.0 34.7 28.4
Glycyrrhiza uralensis 104 171 48 140
Atractylodes japonica 24 9.5 16.2 184
Processed Aconitum carmichaeli 6.7 6.2 17.8 16.9

Concentration 1 [mecasin (25 pg/ml)]: Curcuma longa (4.35 pg/ml), Salvia miltiorrhiza (4.35 pg/ml), Gastrodia elata (435 ug/ml),
Chaenomeles sinensis (2.17 pug/ml), Polygala tenuifolia (2.17 ug/ml), Paeonia japonica (2.17 ug/ml), Glycyrrhiza uralensis (2.17 pg/ml),
Atractylodes japonica (2.17 pg/ml) and processed Aconitum carmichaeli (1.09 pg/ml). Concentration 2 [mecasin (50 pg/ml)]: Curcuma
longa (8.7 pg/ml), Salvia miltiorrhiza (8.7 pg/ml), Gastrodia elata (8.7 ug/ml), Chaenomeles sinensis (4.35 pg/ml), Polygala tenuifolia
(4.35 pg/ml), Paeonia japonica (4.35 pg/ml), Glycyrrhiza uralensis (4.35 pg/ml), Atractylodes japonica (4.35 pg/ml) and processed Aconitum
carmichaeli (2.17 pg/ml). Concentration 3 [mecasin (100 gg/ml)]: Curcuma longa (17.4 ug/ml), Salvia miltiorrhiza (17.4 ug/ml), Gastrodia
elata (17.4 pg/ml), Chaenomeles sinensis (8.7 ug/ml), Polygala tenuifolia (8.7 ug/ml), Paeonia japonica (8.7 pg/ml), Glycyrrhiza uralensis
(8.7 pug/ml), Atractylodes japonica (8.7 pg/ml) and processed Aconitum carmichaeli (4.35 pg/ml). Concentration 4 [mecasin (200 pg/ml)]:
Curcuma longa (34.8 pg/ml), Salvia miltiorrhiza (34.8 ug/ml), Gastrodia elata (34.8 ug/ml), Chaenomeles sinensis (17.4 pg/ml), Polygala
tenuifolia (17.4 pg/ml), Paeonia japonica (17 4 pg/ml), Glycyrrhiza uralensis (17.4 ug/ml), Atractylodes japonica (174 yg/ml) and processed

Aconitum carmichaeli (8.7 pg/ml).
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Figure 5. Effects of mecasin, Chanomeles sinensis, Polygala tenuifolia
and Paeonia japonica on nitrite production. Cells were pretreated with
test sample at the indicated concentration for 3 h and stimulated with LPS
at 1 pug/ml for 24 h. The nitrite concentration was determined as described
in the nitrate assay paragraph of the Materials and methods. Values are
expressed as the mean + standard deviation of three independent experi-
ments. "P<0.05 and ““P<0.001 vs. LPS group. The control is the untreated
group. LPS, lipopolysaccharide.

microglia were pre-treated with each sample at the indicated
concentration for 3 h and then stimulated with LPS at 1 zg/ml
for 24 h. As presented in Fig. 10, pre-treatment with mecasin
or certain constituents thereof suppressed the expression of
iNOS and COX-2 in a pattern similar to the inhibition rate of
nitrite production.
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Figure 6. Effects of mecasin, Glycyrrhiza uralensis, Atractylodes japonica
and processed Aconitum carmichaeli on nitrite production. Cells were
pretreated with test sample at the indicated concentrations for 3 h and stimu-
lated with LPS at 1 yg/ml for 24 h. The nitrite concentration was determined
as described in the nitrate assay paragraph of the Materials and methods.
Values are expressed as the mean + standard deviation of three indepen-
dent experiments. "P<0.05 and “"P<0.001 vs. LPS group. The control is the
untreated group. LPS, lipopolysaccharide.

Discussion

BV2 microglia are main immune effector cells in the brain.
They have a major role in the pathogenesis of a wide range of
chronic neuroinflammation and neurodegenerative diseases.
A general feature of BV2 microglia in the inflammation of
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Figure 7. Inhibitory effects on mecasin, Curcuma longa, Salvia miltior-
rhiza and Gastrodia elata at the same concentration on nitrite formation.
Cells were pretreated with each sample at indicated concentrations for 3 h
and stimulated with LPS at 1 pg/ml for 24 h. The nitrite concentration was
determined as described in the nitrate assay paragraph of the Materials and
methods. Values are expressed as the mean + standard deviation of three
independent experiments. ““P<0.001 vs. LPS group. The control is the
untreated group. LPS, lipopolysaccharide.
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Figure 8. Inhibitory effects of mecasin, Chanomeles sinensis, Polygala tenuifolia
and Paeonia japonica at the same concentration on nitrite formation. Cells
were pretreated with each test sample at indicated concentrations for 3 h
and stimulated with LPS at 1 yg/ml for 24 h. The nitrite concentration was
determined as described in the nitrate assay paragraph of the Materials and
methods. Values are expressed as the mean + standard deviation of three
independent experiments. ““P<0.001 vs. LPS group. The control is the
untreated group. LPS, lipopolysaccharide.

the central nervous system is the long-term activation of BV2
microglia and consequently increased inflammatory expan-
sion, leading to increased release of inflammatory mediators.
Therefore, BV2 microglia have a crucial role in the develop-
ment of neuroinflammation and neurodegenerative diseases.
BV2 microglia are known to secrete NO, tumor necrosis
factor-a (TNF-a), IL-1p and other active substances involved
in the pathogenesis of nervous system diseases (16,17).
The expression of NOS is significantly increased in lesions
of nervous system diseases. NOS is known to promote the
production of NO. NO is able to form a strong oxidant that
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Figure 9. Inhibitory effects of mecasin, Glycyrrhiza uralensis, Atractylodes
Jjaponica and processed Aconitum carmichaeli at the same concentration on
nitrite formation. Cells were pretreated with each test sample at the indicated
concentrations for 3 h and stimulated with LPS at 1 yg/ml for 24 h. The nitrite
concentration was determined as described in the nitrate assay paragraph
of the Materials and methods. Values are expressed as the mean + standard
deviation of three independent experiments. ““P<0.001 vs. LPS group. The
control is the untreated group. LPS, lipopolysaccharide.

causes tissue oxidative damage after a series of reactions (18).
TNF-a and IL-1f are strong pro-inflammatory factors that
may increase the release of NO and aggravate inflamma-
tory response and neuronal damage (19). Therefore, in the
present study, BV2 microglia were chosen as an in vitro cell
model. NO acts as a highly reactive free radical in the body.
It is both a second messenger and a neurotransmitter. It is
also an effector molecule that is widely used in the body. It
has various physiological effects, such as relaxing vascular
smooth muscle, inhibiting platelet aggregation, regulating
cerebral blood flow, mediating cytotoxic effects and regu-
lating the immune system. NO itself has a short half-life. NO
in the blood is mainly produced by vascular endothelial cells,
vascular smooth muscle cells, platelets and macrophages in
the form of nitrite and nitrate. According to the principle that
NO will form nitrite when it is dissolved in water, the content
of NO was indirectly reflected by the nitrite content measured
in the present study (19,20).

A previous study by our group have suggested that
mecasin has anti-inflammatory and anti-oxidant effects (10).
Jakyak-Gamcho-tang, a prescription that is the origin of
mecasin, has been used mainly for alleviating pain, muscle
spasms and cold syndrome due to blood deficiency for centu-
ries in traditional oriental medicine (21). A previous study has
indicated that mecasin is able to reduce the release of NO in
activated microglial cells (10). However, the role of each ingre-
dient regarding the total effect of mecasin has remained elusive.
The results of the present study suggested that constituents of
mecasin have synergistic anti-neuroinflammatory effects.

First, the concentration of individual ingredients was
set based on mecasin concentrations of 25, 50, 100 and
200 pug/ml. Next, the toxicities of mecasin and its nine
individual medicinal herb constituents were measured using
an MTT assay. LPS-stimulated BV2 cells were selected
as an experimental model to study effects of mecasin and
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Figure 10. Comparison of the inhibitory effects of mecasin and its constituents on the expression of iNOS and COX-2. Cells were pretreated with test samples
at the indicated concentrations for 3 h and stimulated with LPS at 1 ug/ml for 24 h. Western blot analysis was performed as described in the western blotting
section of the Materials and methods section. Representative blots from three independent experiments are presented. (A) Blots of iNOS and (-actin. (B)
Blots of COX-2 and [3-actin. Band intensities were normalized to B-actin. Values are expressed as the mean + standard deviation. ‘P<0.05 and “P<0.01 vs. the
LPS-treated control. iNOS, inducible nitrite oxide synthase; COX, cyclooxygenase; LPS, lipopolysaccharide.

its constituents on the release of inflammatory products.
The results indicated that mecasin had the most potent
effect. Among the single herbs, C. longa, P. tenuifolia and
P. japonica also exhibited marked effects. Joseph ez al (22)
suggested that C. longa may act as a pro-drug, as its
metabolite has anti-inflammatory activity. The metabo-
lite produced by the oxidation of curcumin derived from
C. longa is able to bind to NF-«xB in a covalent bond,
thereby further suppressing inflammatory reactions (22).
Mecasin demonstrated a higher inhibitory effect on nitrite
generation than its nine medicinal herb constituents. Next,
we also checked that the effect of mecasin and its constitu-
ents (nine individual medicinal herbs) on iNOS and COX-2
expression was assessed. As presented in Fig. 10, mecasin
and C. longa demonstrated the most prominent inhibitory
effects. Furthermore, mecasin demonstrated higher inhibi-
tory effects compared with C. longa. The results suggested
that treatment with mecasin inhibited the protein expression
of iNOS and COX-2 to a greater extent than its nine herbal
constituents separately. These results demonstrated that the
most potent inhibitor of nitrite production and iNOS and
COX-2 expression was mecasin, probably due to synergistic
effects of its herbal medicinal constituents.

The effects of mecasin and its constituents on
LPS-stimulated nitrite production and expression levels of
iNOS and COX-2 on BV2 microglia cells at the same concen-
tration were examined. Mecasin is not a simple combination
of nine herbs with pharmacological effects. The first experi-
ment was performed to observe neuroinflammatory effects of
mecasin and its constituents at corresponding concentrations.
It was indicated that mecasin (mixture of 9 components) had
a higher effect than its individual herbal constituents. The
second experiment was performed to observe their neuro-
inflammatory effects at the same concentration. The results
suggested that three single individual herbal constituents
had similar effects to those of mecasin. However, these three
constituents exhibited higher cytotoxicity than mecasin at
the same concentration. This result indicated that syner-
gistic effects of constituents of mecasin may increase the

effectiveness and safety of mecasin, indicating that mecasin
has potential for treating neuroinflammation. To draw any
reliable conclusions regarding the potential value of mecasin
in neurological diseases, the results should be reperformed at
least in another microglial cell line such as HMC3. Therefore,
in a follow-up study, other microglial cells such as HMC3
cells will be used.

Finally, Chinese medicine is well known for reducing side
effects and enhancing the efficacy of several drugs (23,24).
In certain studies, some of the results regarding the lowering
of highly toxic drug side effects and the enhancing of drug
efficacy have been confirmed (23,24). Mecasin is a new
combinational drug. However, a detailed mechanistic study on
the synergistic effect of mecasin is required in future research.
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