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Anti-inflammatory Activity of Standardized Fraction from Inula helenium L. via
Suppression of NF-kB Pathway in RAW 264.7 Cells
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Abstract — Inula helenium L. is rich source of eudesmane-type sesquiterpene lactones, mainly alantolactone and
isoalantolactone, which have the various pharmacological functions. In this study, we examined the inhibitory
effects of nitric oxide (NO) production of hexane, methylene chloride, ethyl acetate, butanol, and water fractions
from I. helenium and investigated the anti-inflammatory effect of hexane fraction of 1. helenium (HFIH) in LPS-
induced RAW 264.7 cells. Quantification of alantolactone and isoalantolactone from HFIH was carried out for the
standardization by multiple reaction monitoring using triple quadrupole mass spectrometer. HFIH significantly
inhibited inducible NO synthase (iNOS) and cyclooxygenase-2 (COX-2) protein as well as their downstream
products NO and prostaglandin E, (PGE,) in LPS-stimulated RAW 264.7 cells. Moreover, HFIH suppressed NF-
kB transcriptional activity by decreasing the translocation of p65 to the nucleus. The in vivo study further
confirmed that HFIH attenuated the paw edema induced by carrageenan in an acute inflammation model. These
findings suggest that HFIH may be useful as a promising phytomedicine for inflammatory-associated diseases.
Keywords — Inula helenium L., Sesquiterpene lactones, Anti-inflammation, NF-xB, RAW 264.7 cells

Introduction

Inflammation is a complex biological process which is
regulated by various inflammatory mediators and cytokines
produced by activated macrophages.' Many inflammatory
diseases such as rheumatoid arthritis, asthma, and
inflammatory bowel diseases occur when the regulation
of inflammatory process was disrupted. Macrophages are
the main pro-inflammatory cells which respond to
invading pathogens by releasing inflammatory mediators
including nitric oxide (NO) produced by inducible NO
synthase (iNOS) and prostaglandin E, (PGE,) produced
by cyclooxygenase-2 (COX-2). High levels of NO and
PGE, were found in these inflammatory diseases. Therefore,
suppressing the production of inflammatory mediators
such as NO and PGE, could be preventive or therapeutic
strategy for inflammatory diseases.

Nuclear factor kB (NF-kB) plays a crucial role in the
regulation of mediators involved in immune and inflam-
matory responses.’ In unstimulated, NF-kB interacts with
the inhibitory kBo (IkBa) protein in the cytosol. NF-kB
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is activated by a range of stimuli, which trigger
phosphorylation and degradation of IkBa. Then, NF-xB
p65/p50 heterodimer translocate from the cytosol to the
nucleus, where it binds to its promoter and activates
transcription of pro-inflammatory target genes including
iNOS and COX-2. Thus, down-regulation of NF-xB
activation would be a potential therapeutic strategy to
treat or prevent the NF-kB-related human inflammatory
diseases.*

There has been an increase in the use of medicinal
plants worldwide to develop the anti-inflammatory medicines
derived from natural products, which are far less likely to
cause adverse side effects, unlike chemically synthesized
substances.” Inula helenium L. (Elecampane) is a medicinal
plant widely distributed throughout Europe and East
Asia.® The roots of I helenium have been widely used as
anti-inflammatory, anti-bacterial, and anti-tumor agents. It
has been demonstrated that the extracts of I helenium are
rich source of eudesmane-type sesquiterpene lactones.’
Several studies have shown that one of the common roles
of sesquiterpene lactones is to suppress NF-kB pathway.®
Specifically, alantolactone and isoalantolactone have been
known to suppress iNOS and COX2 expressions by
inhibiting NF-xB pathway.”'® Although a large number of
sesquiterpene lactones are found in a member of the
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Asteraceae (Compositae) family, alantolactone and
isoalantolatone are only found in rare plants and exist in
extreme low concentrations. There has been reported that
1. helenium and Inula racemosa Hook. f. are plentiful
source of these compounds." Recently, sesquiterpene
lactone-containing extracts of 1. helenium has potentials in
rheumatoid arthritis.'” Therefore, the anti-inflammatory
effect of I helenium may have the potential to be
developed as a preventive or therapeutic drug. In addition,
the development of standardized method and biological
standardization of phytomedicine can provide useful
information for the development of phytomedicine. In this
study, we prepared methanol extract of I helenium
(MEIH) and its hexane, methylene chloride, ethyl acetate,
butanol, and water fractions and investigated the anti-
inflammatory effects in LPS-induced RAW 264.7 cells.

Experimental

Chemicals and reagents — 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide (MTT), LPS from
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Escherichia coli, Griess reagent, 2-amino-5,6-dihydro-6-
methyl-4H-1,3-thiazine (AMT), Celecoxib, and N-tosyl-L-
phenylalanyl chloromethyl ketone (TPCK) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco's
modified Eagle's medium (DMEM), penicillin-streptomycin,
and fetal bovine serum (FBS) were purchased from
GenDepot (Barker, TX, USA). Alantolactone and isoalan-
tolactone were purchased from Tauto Biotech (Shanghai,
China). Antibodies against iNOS, COX-2, p65, PARPI,
and B-actin were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

Plant material and preparation of standardized
fractions — The root of I helenium was obtained from
Gwangmyungdang Medicinal Herbs (Ulsan, Korea). A
voucher specimen (NPRI-14-226) was deposited at the
Natural Products Research Institute at Seoul National
University. The root of I helenium was extracted with
methanol for 12h and sonicated for 2h at room
temperature. The methanol extract was then filtered and
evaporated under reduced pressure. The obtained MEIH
was suspended in distilled water and partitioned sequentially

180 8000

Alantolactone

Isoalantolactone

P

\\,.._/ '

TS O WS T WA M) ML IS0 WA MO WA WD 1T W0 S W0 WS N0 NS W0 T D0 & 20 &S M0 M
e

T EEEE.

Compound Molecular weight  Precursor ion (m/z) Fragmentor voltage (V) Collision energy (eV) Production (m/z) Retention time (min)
Alantolactone 232.32 233 M+H]* 180 30 105 12.2
Isoalantolactone 232.32 233 [M+H]" 180 30 105 11.6

Fig. 1. Chemical structures of alantolactone and isoalantolactone and product ion scan for multiple reaction monitoring (MRM). The
selected m/z transition for alantolactone and isoalantolactone was 233 — 105. MRM parameters were listed.
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with hexane, methylene chloride, ethyl acetate, and
butanol to obtain each fraction.

HPLC-MS/MS analysis — Quantification analysis was
performed using a HPLC system coupled with triple
quadrupole (QqQ) mass spectrometer. The chromatographic
separation was performed by Agilent 1260 series HPLC
system (Agilent technologies, Santa Clara, CA, USA) and
INNO C18 column (2.0 x 50 mm, 3 um, Youngjin Biochrom,
Korea) to analyze the MEIH and hexane fraction of /.
helenium (HFIH). The mobile phase was composed of
water with 0.1% formic acid as eluent A and acetonitrile
with 0.1% formic acid as eluent B, and the elution
gradient was as follows: 0 - 25 min (35 - 60% B); 25 - 30
min (60-100% B) at a flow rate of 0.3 mL/min. To
quantify the amount of alantolactone and isoalantolactone
in MEIH and HFIH, multiple reaction monitoring (MRM)
analysis was performed by Agilent 6400 series triple
quadrupole MS system (Agilent technologies, Santa
Clara, CA, USA) and the conditions were as follows:
electrospray ionization in the positive mode for the range
of m/z 50 - 300; 10 L/min and 350 °C of drying gas; 30
psi of nebulizer pressure; 4000 V of capillary voltage.
MRM analysis is more sensitive and accurate than the
HPLC detection.” The sensitivity of the MRM mode of
HPLC-QqQ-MS/MS is highly dependent upon the
fragmentor voltage and collision energy. The optimal
fragmentor voltage and collision energy for alantolactone
and isoalantolactone were 180 V and 30 eV, respectively
(Fig. 1). Both alantolactone and isoalantolactone provided
the product ion at m/z 105, which was selected for MRM.
The standard curves of alantolactone and isoalantolactone
were obtained and had good linear correlations (R*>0.99)
(Fig. 2A). The content of alantolactone and isoalantolactone
in MEIH was 44.1 and 35.1 mg/g, respectively. The
content of alantolactone and isoalantolactone in HFIH
was 281.9 and 134.5 mg/g, respectively (Fig. 2B).

Cell culture—RAW 264.7 macrophage cells were
obtained from the American Type Culture Collection
(Manassas, VA, USA). Cells were maintained in DMEM
supplemented with 10% FBS, 1% penicillin-streptomycin
in a humidified atmosphere of 5% CO, at 37 °C. RAW
264.7 cells harboring a pNF-«kB secretory alkaline
phosphatase (SEAP)-NPT reporter construct were cultured
under the same conditions, except that DMEM was
supplemented with 500 pg/mL geneticin.

Cell viability — Cell viability was assessed by MTT
assay. RAW 264.7 cells were seeded into a 96-well plate
at a density of 1 x 10* cells/well, incubated for 24 h, and
treated with various concentrations of samples for 24 h.
The MTT solution was added to each well and the
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Fig. 2. Quantification of alantolactone and isoalantolactone by
MRM mode of triple quadrupole mass spectrometry. (A) Calibra-
tion curves of alantolactone and isoalantolactone by MRM analysis.
(B) Calculated amount of alantolactone and isoalantolactone in
MEIH and HFIH.

absorbance was measured at 595 nm using a microplate
spectrophotometer (Molecular Devices, Sunnyvale, CA,
USA). The result was expressed as a percentage, relative
to the untreated control.

The measurement of NO and PGE, production —
Nitrite concentration in the culture medium was measured
by a Griess reaction. RAW 264.7 cells were seeded into a
24-well plate at a density of 1 x 10° cells/well and incubated
for 24 h. Cells were pretreated with various concentrations
of samples for 2 h and stimulated with LPS (1 pg/mL) for
18 h. Culture medium was mixed with an equal volume
of the Griess reagent. The absorbance was measured at
540nm using a microplate spectrophotometer. The
amount of PGE, in the culture medium was measured
using an enzyme immunoassay (EIA) kit for PGE,
(Cayman Chemical, Ann Arbor, MI, USA) according to
the manufacturer's instructions. The absorbance was
measured at 405 nm using a microplate spectrophotometer.
The concentrations of NO and PGE, were calculated from
the standard curve. AMT (10 uM) and Celecoxib (20 pM)
were used as positive controls.

NF-kB SEAP reporter gene assay — NF-«xB transcrip-
tional activity was measured by secretory alkaline
phosphatase (SEAP) reporter gene assay as previously
described.” RAW 264.7 cells transfected with pNF-kB-
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SEAP-NPT encoding four copies of NF-kB binding kB
sequence and SEAP as a reporter were seeded into 24-
well plates at a density of 1 x 10° cells/well and incubated
for 24 h. Cells were pretreated with various concentrations
of samples for 2 h and stimulated with LPS (1 pg/mL) for
16 h. The fluorescence from the product of the SEAP/
MUP reaction was measured using a Spectramax Gemini
XS (Molecular Devices, Sunnyvale, CA, USA). Relative
fluorescence units (RFU) were measured at an excitation
wavelength of 360 nm and an emission wavelength of
449 nm. TPCK (20 uM) was used as a positive control.
Western blotting — For whole cell lysates, proteins
were extracted using lysis buffer containing 1% NP-40,
20 mM HEPES pH 7.6, 350 mM NaCl, 20% glycerol, 0.5
mM EDTA, 0.1 mM EGTA, 50 mM NaF, 1 mM DTT,
1 mM PMSF, and protease inhibitor cocktail. For nuclear
cell lysates, cells were suspended in lysis buffer containing
10 mM HEPES pH 7.9, 10 mM KCIl, 0.1 mM EDTA, 0.1
mM EGTA, 1 mM DTT, and 1 mM PMSE. Then, 10%
NP-40 was added to the swollen cells in the lysis buffer,
followed by centrifugation for 5 min. The nuclear pellets
were suspended in nuclear extraction buffer containing 20
mM HEPES pH 7.9, 400 mM NaCl, 1 mM EDTA, 1 mM
EGTA, 1 mM DTT, 1 mM PMSF, and protease inhibitor
cocktail. Protein concentrations were determined by
Bradford reagent. Equal amounts of protein were separated
on 10% SDS-polyacrylamide gel and transferred to
nitrocellulose membranes, which was blocked with 5%
skim milk. For immunodetection, membranes were incubated
with primary antibodies overnight and incubated with
secondary antibodies conjugated with HRP for 1 h. The
bands were visualized by chemiluminescence kit (Intron
Biotechnology, Seoul, Korea) and analyzed by LAS-1000
image analyzer (Fujifilm, Tokyo, Japan). Protein expressions
are quantified using PB-actin and PARP1 as internal
controls. Densitometry was performed using ImageJ analysis
software (NIH, Bethesda, MD, USA).
Carrageenan-induced paw edema test in mice — Paw
edema was induced by a subplantar injection of 50 pL. of
carrageenan (1% in saline) into the right hind paw of
mice. 6 male ICR mice (Samtako Bio Korea, Osan,
Korea) per group were used for the experiment. Animal
care and all the procedures were conducted in accordance
with the guidelines of Seoul National University Institu-
tional Animal Care and Use Committees. 2 h prior to
carrageenan injection, the mice received intraperitoneal
injection of HFIH (10 and 40 mg/kg) and dexamethasone
(10 mg/kg). Paw thickness was measured every hour for
6h with a dial thickness gauge (Mitutoyo, Kawasaki,
Japan). The percent increase in paw thickness was calculated
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Fig. 3. Inhibitory effect of methanol extract of I helenium
(MEIH) on NO production and iNOS and COX-2 expression in
LPS-induced RAW 264.7 cells. Cells were pretreated with MEIH
for 2 h and stimulated for 18 h with LPS. Anti-proliferative effect
was determined using MTT assay. The amount of NO in the
medium was measured using a Griess reagent. The expression of
iNOS and COX-2 was determined by Western blotting. The
results are represented as the mean £ SD (n =3) from three
independent experiments. **p < 0.001 indicates significant difference
from the unstimulated control group. *p <0.05, **p <0.01, and
***p <0.001 indicated the significant difference compared to
LPS-treated control group.

by measuring the difference between the control paw and
the carrageenan-induced paw at each point.

Statistical analysis — Data were presented as means +
SD of at least three independent experiments. Statistical
significance (p < 0.05) was based on two-tailed Student’s
t test for all the figures. Statistical analysis and graphical
presentation was performed using Graphpad Prism 6.0.

Result and Discussion

To investigate whether I helenium has anti-inflammatory
effect, we examined the inhibitory effect of MEIH on the
production of NO in LPS-induced RAW 264.7 cells. The
used concentration of MEIH had no cytotoxicity in RAW
264.7 cells. Cells were pretreated with MEIH for 2 h and
stimulated with LPS for 18 h. As shown in Fig. 3, MEIH
significantly inhibited LPS-induced NO production in a
dose-dependent manner. Inhibition of NO production is
related to the change in the protein expressions of iNOS
and COX-2."" Our results showed that LPS stimulation
markedly increased the protein expressions of iNOS and
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Fig. 4. Inhibitory effects of fractions from MEIH on NO production in LPS-induced RAW 264.7 cells. Cells were treated with various
concentrations of fractions (0—2.5 pg/mL). Effects of fractions on NO production were measured by Griess reagent. The results are

represented as the mean+SD (n=3) from three independent experiments.

##)<0.001 indicates significant difference from the

unstimulated control group. ***p <0.001 indicated the significant difference compared to LPS-treated control group.

COX-2. However, pretreatment with MEIH inhibited
LPS-induced protein expressions of iNOS and COX-2 in
a dose-dependent manner. These results suggest that
MEIH exhibits anti-inflammatory properties by suppressing
the protein expressions of iNOS and COX-2. Next, we
used hexane, methylene chloride, ethyl acetate, butanol,
and water fractions from MEIH to find the active fraction
showing the anti-inflammatory effect of MEIH. Likewise,
cells were pretreated with each fraction for 2h and
stimulated with LPS for 18 h. As shown in Fig. 4, only
HFIH significantly inhibited LPS-induced NO production
in a dose-dependent manner, whereas other fractions had
no effect. These data suggest that HFIH is the active
fraction to exert the anti-inflammatory effect of MEIH.

We optimized the effective concentration of HFIH and
further investigated whether HFIH has anti-inflammatory
effect. The concentration used was determined by the
effects on cell proliferation and NO production of HFIH.
As shown in Fig. 5, low dose range of HFIH (125 ng/mL
to 1 ug/mL) dramatically suppressed the productions of
NO and PGE,. Likewise, pretreatment with HFIH
inhibited LPS-induced protein expressions of iNOS and
COX-2. There results suggest that HFIH could be a
promising anti-inflammatory phytomedicine to treat or
prevent inflammatory diseases.

NF-kB is an important pro-inflammatory mediator
which controls the expression of iNOS, COX-2, and
inflammatory cytokines in macrophages.* NF-xB trans-
criptional activity was measured using NF-xB SEAP
reporter assay. RAW 264.7 cells transfected with a NF-
kB-mediated reporter gene construct were pretreated for 2
h with HFIH, followed by treatment with LPS for 16 h.
As expected, pretreatment of HFIH inhibited LPS-
induced SEAP expression in a dose-dependent manner
(Fig. 6A), indicating that HFIH suppresses the expression
of iNOS and COX-2 through the suppression of NF-kB
transcriptional activity, which controls the pro-inflammatory
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Fig. 5. Inhibitory effect of the hexane fraction of I helenium
(HFIH) on the production of NO and PGE; and the expression of
iNOS and COX-2 in LPS-induced RAW 264.7 cells. Cells were
pretreated with HFIH for 2 h and stimulated for 18 h with LPS.
The amounts of NO and PGE, in the medium were measured
using a Griess reagent and PGE, ELISA kit. The expression of
iNOS and COX-2 was determined by Western blotting. The
results are represented as the mean+SD (n=3) from three
independent experiments. *#p < 0.001 indicates significant difference
from the unstimulated control group. *p <0.05, **p <0.01, and
**%p <0.001 indicated the significant difference compared to
LPS-treated control group.

mediators in LPS-activated macrophages. Degradation of
IkBa leads to NF-xB translocation to the nucleus, where
it binds to specific DNA sequences to regulate
transcriptional activation of genes such as iNOS and
COX-2. Thus, p65 protein localization to the nucleus is a
marker of NF-xB activation in cells.'® As shown in Fig.
6B, the level of p65 subunit in nucleus was increased after
LPS treatment. However, pretreatment with HFIH reversed
this trend in a dose-dependent manner, suggesting that the
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Fig. 6. Inhibitory effect of NF-xB activation in LPS-stimulated
RAW 264.7 cells. (A) Cells harboring the NF-kB SEAP-NPT
reporter construct were pretreated with the indicated concen-
trations of HFIH for 2 h then exposed to LPS. The SEAP activity
was measured in RFU, using a microplate fluorometer. (B) Effect
of HFIH on NF-kB p65 localization to the nucleus. Nuclear cell
lysates were prepared for Western blotting. The results are
represented as the mean+SD (n=3) from three independent
experiments. *¥p <0.001 indicates significant difference from the
unstimulated control group. *p <0.05, **p<0.01, and ***p <
0.001 indicated the significant difference compared to LPS-
treated control group.

suppression of NF-kB transcriptional activity by HFIH
was associated with the decreased translocation of p65 to
the nucleus. PARP1 was used as a loading control for
nuclear lysates.

Carrageenan-induced paw edema has been used widely
as an acute animal model of inflammation.!” Therefore,
we evaluated the in vivo anti-inflammatory potential of
HFIH in carrageenan-induced paw edema mice model.
HFIH was injected intraperitoneally 2h prior to 1%
carrageenan administration into the right hind paw.
Dexamethasone (10 mg/kg) treatment showed the significant
inhibitory effect on paw swelling for 2 - 6 h. HFIH (10
and 40 mg/kg) treatment significantly inhibited carrageenan-
induced paw swelling in 2, 5, and 6 h points (Fig. 7).
However, it is required to increase in vivo efficacy of
HFIH in regard that alantolactone and isoalantolactone
are easily metabolized in the plasma.'®

Natural products are generally considered as safe and
effective remedies, but their use as chemotherapeutic and
chemopreventive agents is limited by several disadvantages,
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Fig. 7. Inhibitory effect of HFIH on carrageenan-induced paw
edema mice model. HFIH (10 and 40 mg/kg) was injected
intraperitoneally 2 h prior to 1% carrageenan administration into
the right hind paw. 6 mice per each group were used in this study.
Paw thickness was measured every hour for 6 h with a dial
thickness gauge. Percent increase in paw thickness was calculated
by measuring the difference between the control paw and the
carrageenan-induced paw at each point. Dexamethasone (10 mg/
kg) was used as a positive control. The results are represented as
the mean = SD (n=6). *p <0.05, **p <0.01, and ***p <0.001
indicated the significant difference compared to carrageenan-
injected control group.

such as low effectiveness and difficulties of quality
control.'” I helenium is plentiful source of active sesqui-
terpene lactones. Specifically, hexane fraction contains
alantolactone and isoalantolactone as major components.
These sesquiterpene lactones have been reported to exert
the anti-inflammatory effect via suppression of NF-kB
activation in LPS-stimulated RAW 264.7 cells and peritoneal
macrophages.”'

To provide experimental data to support the anti-
inflammatory effect of HFTH, we investigated the inhibitory
effect of alantolactone and isoalantolactone of HFIH on
NO and PGE, productions as well as iNOS and COX-2
expressions and compared the effects with HFIH. As
shown in Fig. 8, alantolactone and isoalantolatone dose-
dependently inhibited LPS-induced NO and PGE,
productions as well as iNOS and COX2 expressions.
They strongly suppressed iNOS protein expression and
NO production. Although they inhibited COX-2 expression,
it showed a weaker inhibitory effect than iNOS
expression. Therefore, suppression of iNOS expression
and NO production by alantolactone and isoalantolactone
may play a major role in anti-inflammatory effects in
RAW 264.7 cells. Further study is needed to understand
the relationship between chemical structure and anti-
inflammatory activity of sesquiterpene lactones.

In summary, we investigated the anti-inflammatory
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Fig. 8. Inhibitory effects of alantolactone (A) and isoalantolactone (B) on the production of NO and PGE, and the expression of iNOS and
COX-2 in LPS-induced RAW 264.7 cells. Cells were pretreated with compounds for 2 h and stimulated for 18 h with LPS. The amounts
of NO and PGE, in the medium were measured using a Griess reagent and PGE, ELISA kit. The expression of iNOS and COX-2 was
determined by Western blotting. The results are represented as the mean + SD (n=3) from three independent experiments. “p <0.001
indicates significant difference from the unstimulated control group. ***p <0.001 indicated the significant difference compared to LPS-

treated control group.

potential of HFIH in associated with the inhibition of pro-
inflammatory mediators NO and PGE, productions in
LPS-stimulated RAW 264.7 cells. We confirmed that
HFIH down-regulated iNOS and COX-2 expressions via
suppression of NF-kB activation. Moreover, HFIH inhibited
carrageenan-induced paw edema in mice. Therefore,
HFIH can be a potent phytomedicine for the prevention
and treatment of inflammatory-associated diseases.
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