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(-)-Nyasol, isolated from Anemarrhena asphodeloides
suppresses neuroinflammatory response through the
inhibition of I-kBa degradation in LPS-stimulated BV-2

microglial cells

Hwa Jin Lee'!, Hua Li', Hee Ryun Chang', Hyeyoun Jung? Da Yeon Lee', and Jae-Ha Ryu'

'Research center for cell fate control, College of Pharmacy, Sookmyung Women's University, Seoul, Republic of Korea and
2Department of Life Science, Sookmyung Women's University, Seoul, Republic of Korea

Abstract

Microglial activation has been associated with neurodegenerative diseases by inducing the neuroinflammatory
mediators such as nitric oxide (NO), TNF-a and IL-13. (-)-Nyasol, @ norlignan isolated from a medicinal plant
Anemarrhena asphodeloides, showed anti-inflammatory potential in lipopolysaccharide (LPS)-activated BV-2
microglial cells. (—)-Nyasol inhibited the production of NO and‘prostaglandin E, (PGE,) and also the expression of
inducible nitric oxide synthase and cyclooxygenase-2, which are responsible for the respective production of NO and
PGE,. It also suppressed the mRNA levels of TNF-a and IL-18 in activated microglial cells. These effects of (-)-nyasol
were correlated with the inactivation of p38 MAPK and the suppression of LPS-induced I-kBa degradation. Taken
together, these results suggest that(—)-nyasol can be a modulator in neuroinflammatory conditions induced by

microglial activation.
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Introduction

Activation of microglia has been associated with patho-
logical hallmarks of several neurodegenerative diseases,
including Alzheimer’s disease (AD), Parkinson’s disease,
stroke and multiple sclerosis'. The activated microglia
has been known to be accumulated at the sites of injury
or plaques in neurodegenerative central nervous system
(CNS)2 Although microglial cells, resident macrophages
of the CNS, function as principal immune effector cells
responding to any pathological event, massive activa-
tion of microglia generates proinflammatory cytokines
and proinflammatory molecules. Excessive production
of these neurotoxic proinflammatory mediators, such as
tumor necrosis factor-o (TNF-a.), interleukin-1f (IL-1§3),

nitric oxide (NO) and prostaglandin E, (PGE,), plays a
pivotal role in aggravating the degenerative processes in
the inflamed CNS?®. Therefore, the inhibition of the pro-
duction of proinflammatory molecules through the regu-
lation of microglial activation can be useful therapeutic
approach against neurodegenerative disorders.
Anemarrhena  asphodeloides Bunge (Liliaceae)
has been used as an antipyretic, antiinflammatory,
antidiabetic and antidepressant agent in traditional
medicine in Korea, China and Japan® Various
constituents have previously been isolated from this
plant, including mangiferin®, timosaponins® and
(-)-nyasol (cis-hinokiresinol)’. In previous report, we
have isolated (-)-nyasol as an antagonist of luekotriene
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B, receptor from sample plant’. (-)-Nyasol has also been
reported to exhibit anti-angiogenic response by reducing
the VEGF-induced vessel growth in the mouse corneal
neovascularization model®. Studies using rat basophilic
leukemia cells and murine macrophage cells have
demonstrated that (-)-nyasol suppresses the production
of eicosanoid and NO, respectively’. However, the
effects of (-)-nyasol on neuroinflammatory response in
activated microglia have not yet been studied. Therefore,
in this study, we investigated the possibility of (-)-nyasol
as a therapeutic potential against neurodegenerative
disease associated with microglial activation.

Materials and methods

Test material

(-)-Nyasol (purity >99%) (Figure 1) was isolated as
described previously’. Briefly, the methanol extracts
of crude materials (1kg) were dispersed in water and
extracted with EtOAc. The EtOAc soluble fraction (11g)
was chromatographed on a silica gel (200g) column
eluted with n-hexane-EtOAc (10:1, 5:1 and 1:1, 300 mL
each) gradients to give three fractions. The second frac-
tion (0.8g) was again separated on a silica gel (70g)
column eluted with n-hexane-acetone (5:1) to afford
four sub-fractions. The second sub-fraction (0.4g) was
further purified by HPLC (Shimadzu HPLC system with
UV monitor at 254nm; p-Bondapak (O column, 10
pm, 10 x 300 mm; eluent 50% aqueous MeOH; flow rate
2.0mL/min) to afford pure (-)-nyasol as an active prin-
ciple (120mg, oil, [a], * = -137.27°, ¢ = 0.173, EtOH).
The structure of (-)-nyasol, (Z)-(-)-4,4’-(3-ethenyl-1-
propene-1,3-diyl) bisphenol, was identified by spectro-
scopic analyses (Mass, IR, 'H-'H COSY, DEPT, HMBC)
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which was in line with the previous data'. The purified
compound was dissolved in dimethyl sulfoxide (DMSO),
and the final concentration of DMSO in all experiments
was less than 0.1%. All test concentrations of (-)-nyasol
showed no significant effect on cell viability.

Cells and reagents

Murine microglial cell line (BV-2) was kindly provided by
prof. Hee-Sun Kim at Ehwa Womans University, Korea.
BV-2 cells were cultured at 37°C in 5% CO, in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 100 units/mL penicillin,
and 100 pg/mL streptomycin. Lipopolysaccharide (LPS)
derived from E. coli serotype 055:B5 were purchased from
Sigma Chemicals Co. (St. Louis, MO, USA). Antibodies
against iNOS (BD Biosciences, Franklin Lakes, NJ, USA),
COX-2 (Cayman Chemical Company, Ann Arbor, MI,
USA), B-actin (Sigma Chemical Co., St. Louis, MO, USA),
I-kBa and phospho-I-kBa (Santa Cruz Biotechnologies
Inc. Santa Cruz, CA, USA) were used for immunoblot
analysis. Antibodies against ERK, phospho-ERK, p38,
phospho-p38, INK and phospho-JNK were from Cell
Signaling Technology (Danvers, MA, USA). TRIzol and
SuperScript II first-strand cDNA synthesis system were
purchased from Invitrogen (Carlsbad, CA, USA).

RNA isolation and reverse transcriptase polymerase
chain reaction (RT-PCR) assay

BV-2 cells were treated with 0.1 pg/mL of LPS in the
presence or absence of various concentrations of
(-)-nyasol. After 6h treatment, total RNA was isolated
using a method of TRIzol extraction according to
the manufacturer’s instructions. From each sample,
2 pg of total RNA was then reverse transcribed to
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Figure 1. (A) Chemical structure of (-)-nyasol. (B) Effects of (-)-nyasol on lipopolysaccharide (LPS)-induced inflammatory cytokines in
BV-2 microglial cells. The cells were stimulated with LPS in absence or presence of (-)-nyasol for 6 h. The levels of IL-13 and TNF-a. mRNAs
were determined by RT-PCR analysis. GAPDH was used as an internal control. The results shown are the representative of three independent
experiments. (C) Effects of (-)-nyasol on LPS-induced nitrite production in BV-2 microglial cells. The amount of nitrite in culture medium
was measured by using the Griess reagents, as described in Materials and methods. (D) Effects of (-)-nyasol on LPS-induced PGE, production
in BV-2 microglial cells. PGE, concentrations were quantified in the culture supernatant by enzyme immunoassay (EIA). The values are
expressed as the means + SD of three individual experiments. *p < 0.01 and **p < 0.001 indicate significant differences from the LPS alone.

© 2013 Informa UK, Ltd.
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single-stranded cDNA by the SuperScript II first-strand
cDNA synthesis system. Then PCR analyses were
performed on the aliquots of the cDNA preparations
to detect IL-18, TNF-a and GAPDH (as an internal
standard) gene expression using a recombinant Taq
polymerase. The PCR primer sequences for IL-1p,
TNF-a, and GAPDH are as follows: IL-1f3, sense
5-GAGTGTGGATCCCAAGCAAT-3 and antisense
5’-CTCAGTGCAGGCTATGACCA-3’; and TNF-a, sense
5-AACTTCGGGGTGATCGGTCC-3’, and antisense
5’-CAAATCGGCTGACGGTGTGGG-3; GAPDH, sense
5”- TGTGATGGGTGTGAACCACGAG-3’ and antisense
5-TGCTGTTGAAGTCGCAGGAGAC-3’. The amplified
PCR products were electrophoresed on 2% agarose gels
and visualized using ethidium bromide staining and
UV irradiation.

Measurement of nitrite concentration

BV-2 cells were activated with 0.1 pg/mL of LPS in the
presence or absence of (-)-nyasol at various concentra-
tions (1-10 pM). After 20h treatment, supernatant of
cell culture media were analyzed for nitrite (NO,”) by
the Griess reaction''. Briefly, an equal volume of Griess
reagent (1% sulfanilamide/0.1% naphtylethyenediamine
dihydrochloride in 2.5% H_PO,) was mixed with cell cul-
ture supernatants and color development was assessed
at A = 540nm with a Versamax microplate reader
(Molecular Devices, Sunnyvale, CA, USA). Fresh culture
medium was used as the blank in all experiments. The
amount of nitrite in the samples was calculated from a
sodium nitrite standard curve.

Measurement of prostaglandin E,

The accumulated PGE, in culture medium was deter-
mined by using enzyme immunoassay (EIA) kit from
Cayman Chemical (Ann Arbor, MI, USA) according to
the manufacturer’s instruction. A standard curve was
prepared simultaneously with PGE, standard ranging
from 0.06 to 6 ng/mL.

Protein extraction and immunoblot

To prepare whole-cell lysis extracts, BV-2 cells were
treated with 0.1 pg/mL of LPSin the presence or absence
of various concentrations of (-)-nyasol. Following 20 h
treatment, cells were harvested, washed twice with
ice-cold phosphate buffered saline (PBS) (pH = 7.4),
and gently lysed with cell lysis buffer (Cell Signaling
Technology, Danvers, MA, USA). Cell lysates were then
centrifuged at 10,000g for 20 min at 4°C. Supernatants
were collected and protein concentrations were deter-
mined using BCA protein assay kit.

Cytosol and nuclear extraction

BV-2 cells were cultured in 6-well plates and then
treated with 5 and 10 pM (-)-nyasol for 30 min prior
to activation with 0.1 pg/mL of LPS. Following 15min
treatment, cells were washed twice with ice-cold PBS

(pH = 7.4), and harvested using NE-PER nuclear and
cytoplasmic extraction reagents according to the
manufacturer’s instructions (Pierce Biotechnology,
Rockford, IL, USA).

Statistical analysis

Data were presented as mean + SD and p values were
determined using the unpaired Student’s t-test. The
difference was considered to be statistically significant
when p values are less than 0.05.

Results and discussion

Traditional remedies derived from medicinal plants
have been considered as safe and readily available even
though the manner of actions is mostly still unclear. Thus,
revealing the molecular mechanism of natural products
for their chemical and biological activities might be a
good strategy for the development of new therapeutic
agents. In the course of searching plant-derived anti-
neuroinflammatory compounds, (-)-nyasol (Figure 1A)
from Anemarrhena asphodeloides was found to exhibit a
potent antiinflammatory effect in BV-2 murine microg-
lia model. In present study, we investigated the effect
of (-)-nyasol on neuroinflammation-related microglial
functions.

During neuroinflammatory response, the activation
of microglia contributes to host damage by excessive
releasing of various proinflammatory cytokines such as
IL-1p and TNF-o. TNF-o induces neuronal death when
presented to neurons as part of a glial derived inflamma-
tory condition'. IL-1f3 plays an important role as a direct
mediator of neuroimmune interactions in neurodegen-
erative condition'. Thus, inhibition of proinflammatory
cytokine production can give a key mechanism in the
regulation of neuroinflammation involved in degenera-
tive disorders. To assess whether (-)-nyasol controls the
production of proinflammatory cytokines during inflam-
mation, we investigated the effect of (-)-nyasol on the LPS
induced expression of IL-1f3 and TNF-a mRNA in BV-2
microglial cells. Cells were treated with 1, 5 and 10 pM
of (-)-nyasol in the presence of LPS (0.1 pg/mL) for 6h.
(-)-Nyasol attenuated the expression of IL-1f3 and TNF-a.
mRNA dose-dependently in LPS-stimulated microglial
cells, whereas the IL-13 and TNF-a mRNA levels were
markedly up-regulated by LPS treatment (Figure 1B).

Nitric oxide (NO) has been considered as a
representative proinflammatory mediator of microglial
activation'. Prolonged microglial activation leads
to an overproduction of proinflammatory mediators
and subsequently contributes to neurodegenerative
disorders. Therefore, we investigated whether (-)-nyasol
affects the production of NO in LPS-stimulated microlial
cells. The nitrite, a stable metabolite of NO produced
by inducible nitric oxide (iNOS), was measured as
the indicator of NO production in culture medium.
(-)-Nyasol significantly inhibited the LPS-induced NO
production in a dose-dependent manner, whereas LPS

Journal of Enzyme Inhibition and Medicinal Chemistry



treatment dramatically increased the concentrations of
NO (Figure 1C).

PGE,, another key inflammatory mediator, is pro-
duced by cyclooxygenase (COX)'®. COX enzyme has two
isoforms of constitutive form (COX-1) and inducible
form (COX-2). COX-1 is believed to have housekeeping
function, while COX-2 is induced by proinflammatory
mediators resulting in the stimulation of inflammatory
responses. However, the contribution of these enzymes
in prostanoid formation varies depending on the stimuli
and cell type. In the brain, both COX-1 and COX-2 are
constitutively expressed. In physiological conditions,
COX-1 is mainly expressed in microglia and perivascular
cells'®” and COX-2 is found in mostly in hippocampal
and cortical glutamatergic neurons'®. Recently, some
reports have shown that COX-1 plays an important role
in neuroinflammation and COX-2 is necessary to switch
off CNS inflammation. This changes the classical view of
COX-1 as the isoform of homeostasis and COX-2 as the
major proinflammatory isoform'?. As for the expression
of COX expression in inflammatory model of microglia,
different results have been reported. Cavello et al.?! had
described an increase of COX-1 and 2 levels in LPS-
stimulated N13 microglial cells. On the other hand, there
was no difference in COX-1 levels in LPS or hypoxia
conditioned rodent microglia and BV-2 microglia cell
line, whereas the expression of COX-2 was strongly
induced®?*. In addition, Kim et al.** showed that expres-
sion of mRNA and protein of COX-2 increased but the
expression of constitutive COX-1 was not altered in LPS-
induced BV-2 cells. Therefore, an increase of LPS induced
PGE, is mirrored by the up-regulation of COX-2 protein
that was barely detectible in non-activated BV-2 cells.
Taking the above factors into consideration, the present
study was designed to evaluate the effect of (-)-nyasol
against LPS-stimulated BV-2 microglial cells. To assess
the inhibitory effect of (-)-nyasol on LPS-induced PGE,
production, we quantified PGE, concentrations in the
culture supernatant by EIA. (-)-Nyasol significantly
inhibited the LPS-induced production of PGE, in a dose-
dependent manner; whereas LPS treatment dramatically
increased the concentrations of PGE, (Figure 1D). These
results indicate that (-)-nyasol suppressed LPS-induced
production of excessive inflammatory mediators, and
could be helpful for the treatment of neuroinflammation
associated with microglial activation.

Next, we examined the suppressive effect of (-)-nya-
sol on the expression of the proinflammatory enzymes
iNOS and COX-2 which produce NO and PGE, as key
mediators of inflammation, respectively. As shown in
Figure 2A, the mRNA levels of iNOS and COX-2 were sup-
pressed by (-)-nyasol in LPS-stimulated BV-2 microglia.
The iNOS and COX-2 protein levels were attenuated by
the treatment of (-)-nyasol in a concentration-depen-
dent manner, whereas the iNOS and COX-2 protein
levels were markedly up-regulated by LPS treatment
(Figure 2B). These results suggest that (-)-nyasol inhib-
its the production of proinflammatory NO and PGE, by

© 2013 Informa UK, Ltd.
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Figure 2. (A) The effects of (-)-nyasol on LPS-induced iNOS and
COX-2 mRNA levels in BV-2 microglial cells. The mRNA expressions
of iNOS and COX-2 were examined by RT-PCR. Cells were treated
with lipopolysaccharide (LPS) (0.1 pg/mL) in the presence or
absence of (-)-nyasol for 6 h. (B) The iNOS and COX-2 protein levels
were determined by Western blot analysis. Cells were treated with
LPS (0.1 ug/mL) in the presence or absence of (-)-nyasol for for
20 h. The results shown are the representative of three independent
experiments.

the down-regulation of iNOS and COX-2 expression in
stimulated microglia.

Nuclear factor-kB (NF-kB) is localized in cytoplasm
as inactive dimer composed of p65 and p50 subunits
and bound to the inhibitory protein I-xBa in resting
microglia®. Microglial activation evokes I-kB kinase
complex-induced phosphorylation of I-xBa, which
leads to its degradation and subsequent translocation
of NF-xB to the nucleus. The nuclear NF-xB activates
the transcription of target genes, such as TNF-q, IL-1f,
iNOS and COX-2, leading to the induction of their
mRNA expression®. To elucidate the action mechanism
of (-)-nyasol for the inhibitory consequence of
inflammatory responses in activated microglia, we
observed the effects of (-)-nyasol on the LPS-induced
[-kBa degradation and NF-kB translocation to the
nucleus. As shown in Figure 3, the phosphorylation
levels of I-kBa were increased in LPS-stimulated
microglia, whereas (-)-nyasol treatment decreased
the levels of I-kBa phosphorylation. In addition, I-kBa.
levels were markedly decreased with LPS treatment
compared to the unstimulated control group, suggesting
the LPS-induced degradation of I-kBa. (-)-Nyasol
treatment reversed I-kBa levels in a concentration
dependent manner. Furthermore, we also examined
the effects of (-)-nyasol on the nuclear translocation of
the p65 subunit of NF-xB. The p65 subunit was found
in the nuclei of LPS-stimulated BV-2 microglia through
the nuclear translocation of NF-kB from cytosol.
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Figure 3. Effect of (-)-nyasol on lipopolysaccharide (LPS)-
induced I-kBa degradation and p65 translocation to the nucleus
in BV-2 microglial cells. Cells were pretreated with (-)-nyasol for
30min prior to stimulation of LPS. After treatment with LPS for an
additional 15min, cytosolic I-kBa and nuclear p65 were analyzed
by Western blot. Images are the representative of three independent
experiments that shows similar results.

(-)-Nyasol treatment markedly decreased the LPS-
induced nuclear translocation of p65 subunit (Figure 3).
PARP and 3-actin were used as internal controls. Taken
together, these observations indicate that inhibitory
effects of (-)-nyasol on I-kBa degradation and NF-xB
nuclear translocation are responsible for the inhibitory
production of proinflammatory mediators and cytokines
in LPS-stimulated BV-2 microglial cells.

MAP kinases such as ERK, p38 and JNK are upstream
signaling molecules in inflammatory reactions and
mediate transcriptional changes of gene expression dur-
ing the microglial activation processes®. Several studies
demonstrated that MAP kinases play a critical role in the
overproduction of proinflammatory mediators and cyto-
kines such as NO, PGE,, TNF-a and IL-1f by activated
BV-2 microglial cells®. In addition, MAP kinases play an
important role in the regulation of NF-kB activity®. To
determine the probable involvement of (-)-nyasol in the
inhibitory action of inflammatory response, we exam-
ined the effect of (-)-nyasol on LPS-stimulated phos-
phorylation of MAP kinases in BV-2 microglial cells. Cells
were pretreated with (-)-nyasol at the indicated concen-
trations for 30 min and then stimulated with LPS (0.1 pg/
mL) for 15 min. The active phosphorylated forms of ERK,
p38 and JNK was increased by LPS treatment. By the
treatment of (-)-nyasol, the LPS-induced phosphoryla-
tion of p38 MAP kinase was reduced in a dose-dependent
manner, whereas phosphorylations of ERK and JNK were
not affected. Non-phosphorylated ERK, p38 and JNK
were not changed by LPS and/or (-)-nyasol (Figure 4).
These results indicate that the suppression of p38 MAP
kinase phosphorylation may contribute to the inhibitory
effect of (-)-nyasol on inflammatory responses in LPS-
stimulated BV-2 microglial cells.

Lim et al.® reported that (-)-nyasol inhibited the iNOS
mediated NO production and COX-2 mediated PGE,
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Figure 4. Effect of (-)-nyasol on lipopolysaccharide (LPS)-
induced activation of mitogen-activated protein kinases (MAPKs)
in BV-2 microglial cells. Cells were pretreated with (-)-nyasol for
30min prior to stimulation of LPS. After treatment with LPS for an
additional 15min, proteins were extracted and analyzed for the
levels of phosphorylated extracellular signal-regulated protein
kinase (ERK), p38 and c-Jun N-terminal kinases (JNK) by Western
blot. The results shown are the representative of three independent
experiments.

production in LPS-treated RAW 264.7 cells, a mouse mac-
rophage-like cell line. But, they observed the no effects of
(-)-nyasol on the expression of iNOS and COX-2 at 100
UM concentration. In present study, we demonstrated
that the expression levels of iINOS and COX-2 were inhib-
ited via the suppression of NF-kB activation at 10 uM of
(-)-nyasol in BV-2 microglia.

It has been reported that same compound may have
inconsistent biological effects due to the different con-
centrations, cell lines and the experimental procedures.
For instance, CYL-4d inhibits the production of NO more
effectively in microglia than in macrophages®, whereas
the other compound, such as naringenin, shows more
effective inhibition of iNOS and COX-2 expression in
macrophages than in microglia®. Resident microglia and
blood-derived monocytes/macrophages may exhibit dif-
ferential sensitivities in response to tested compound.
Here, it seems reasonable to assume that the present
findings may be of biological significance concerning the
disclosed molecular action and the beneficial effects of
(-)-nyasol in neuroinflammatory experimental studies
in vitro.

In conclusion, (-)-nyasol, isolated from Anemarrhena
asphodeloides, demonstrated the anti-inflammatory
potential in LPS-activated BV-2 microglial cells.
(-)-Nyasol suppressed the expression of TNF-o.and IL-1f3
mRNA and the production of inflammatory mediators
such as nitric oxide and PGE,. It reduced mRNA and
protein levels of iNOS and COX-2 by the suppression of
LPS-induced I-xBa degradation and also repressed the
activation of p38 MAP kinase. The data above suggest
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that (-)-nyasol might have therapeutic potential for
neuroinflammatory diseases.
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