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ABSTRACT

Thistles, belonging to the Asteraceae, are too varied for generalization;
many are troublesome weeds, including some invasive species of Cirsium,
Carduus, Silybum, and Onopordum. Carduus crispus, native to Europe and
Asia, is a traditional herbal medicine used for treating inflammatory disorders
in Korea. Obesity is characterized by a state of chronic inflammation with
increased inflammatory markers along with the expression and release of
inflammation-related adipokines. Most anti-obesity drugs have been
developed based on this concept. This research for anti-obesity agents derived
from Carduus crispus utilized the 3T3-L1 cell line. The methanol extract was
initially screened and exhibited significant inhibition of adipogenesis in 3T3-
L1 adipocytes. Among five liquid-liquid partition fractions, the ethyl acetate
(EA) fraction showed the most potent suppressive effect compared with
hexane, chloroform, n-butanol, and water. The EA fraction was considered for
further study because of the presence of abundant polyphenols, including
flavonoids. To isolate the active components from the EA fraction, elution-
extrusion counter-current chromatography (EECCC) was used. Among the
seven fractions from the EA layer, fraction 6 inhibited lipid accumulation as
well as CCAAT/enhancer-binding protein alpha (C/EBPa) and peroxisome

proliferator-activated receptor gamma (PPARY) protein expression levels. The



active component apigenin (fraction 6) was confirmed using high-
performance liquid chromatography (HPLC), electrospray ionization mass
spectrometry (ESI-MS), and one-dimensional nuclear magnetic resonance
(1D-NMR) spectroscopy. The present data suggest that apigenin is one of the
main bioactive compounds from Carduus crispus for inhibiting adipogenesis
in 3T3-L1 adipocytes via the activation of AMP-activated protein kinase.
Using the marker substance pectolinarin, isolated from Cirsium japonicum,
one of the representative type of thistles, a dose-dependent decrease on lipid
accumulation was identified in 3T3-L1 adipocytes. This inhibitory effect on
adipogenesis was shown to be induced by the suppression of a sterol
regulatory element binding protein-1 (SREBP-1) and the activation of
adenosine monophosphate-activated protein kinase (AMPK). The findings
that the generation of intracellular reactive oxygen species (ROS) and the
expression of heme oxygenase-1 (HO-1) proteins were inhibited suggest that
this anti-adipogenic effect resulted from lipid oxidation. The present study
demonstrates that apigenin from Carduus crispus and pectolinarin from
Cirsium japonicum have reduced the lipid accumulation with their
significantly inhibition of PPARy and C/EBPa protein expressions and the
activation of AMPK. However, apigenin exhibited cytotoxicity at 50 uM not
in pre-adipocytes but in mature adipocytes and pectolinarin has no cytotoxic

effect on both types of cells. In summary, this study shows that apigenin has



shown the apoptotic 3T3-L1 cell death via the activation of AMPK and
caspase-3. Whereas pectolinarin, against apigenin, has shown the lipid
oxidation via the inhibition of intracellular ROS and HO-1 generation.
Another member of Asteraceae, Matricaria recutita L. (chamomile) was also
studied for the anti-inflammatory activity and bioactivity-guided isolation to
search the active component. The inhibition effects of nitric oxide (NO)
production and NF-xB secretory alkaline phosphatase (SEAP) activity of
chamomile methanol extract exhibited better than those of water and ethanol
extracts. Because methanol is less polar than water, the methanol extract
contains more essential oils than the water extract. To identify the main
volatile constituents of the essential oil in chamomile, dried chamomile
powders were extracted by head space-solid-phase micro extraction (HS-
SPME) and were analyzed by gas chromatography-mass spectrometry (GC-
MS). Parameters affecting the solid-phase micro extraction (SPME) procedure
including extraction temperature and time, amount of the sample, and
desorption time have been evaluated and optimized. In addition, methanol and
water extracts of chamomile, and hexane fractionation from the methanol
extract of chamomile were analyzed to compare. A total of 41 components
were identified. It is well known the principal biologically active compounds
in chamomile oils were bisabolol oxide A, bisabolol oxide B, a-bisabolol,

chamazulene, spathulenol, and B-farnesene. The powderized sample of dried



chamomile was rich in bisabolol oxide B (21.0 %), B-farnesene (17.9 %), and
a-bisabolol (9.0 %). Herniarin (10.1 %) was predominant in the water extract.
In case of the methanol extract and hexane layer, bisabolol oxide B (each of
21.7 %) was the most abundant component. a-bisabolol was detected only in
dried chamomile powder. The compounds identified in the hexane layer
fractionated from the methanol extract were found to be very similar to the
volatile essential oils identified in the methanol extract. Based on the
identification of essential oil components, the organic solvent extracts
containing large amounts of essential oil components are thought to have a
higher anti-inflammatory effect. Therefore, the non-volatile compound of
methanol extract from chamomile was also analyzed to identify anti-
inflammatory compounds. Fractionation using liquid-liquid separation was
performed to identify non-volatile active compounds as well. The methanol
extract of chamomile was fractionated into hexane, EA, BUOH, and water
layers. The less polar hexane and EA-soluble layers were shown, as expected,
to have higher inhibitory effects on NO generation and NF-kB expression, but
the hexane-soluble layer was also found to have cytotoxicity. Therefore, the
EA-soluble layer containing large amount of flavonoids was selected for
further separation. The EA-soluble layer was separated into seven fractions by
silica gel column chromatography. Of those seven fractions, 5th fraction with

no toxicity and high yield was selected to be further separated. In the next step,



5th fraction was separated into a total of 5 fractions using Diaion HP-20
column chromatography. From those fractions, 3 main components -
dicaffeoyl quinic acids enriched (50% MeOH, DCQ), apigenin 7-O-glucoside
derivatives enriched (70% MeOH, A7G) and tetracoumaroyl thermospermine
enriched (90% MeOH, TCTS) — were identified, among which TCTS was
shown to have the highest NO inhibition effect. Within the range of
concentrations at which no cytotoxicity was observed, TCTS was assayed for
the expression of proteins associated with inflammation using Western blot
analysis. TCTS was shown to have higher inhibitory effects on the
expressions of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2
(COX-2) compared to those of DCQ and A7G and, in particular, was found to
inhibit COX-2 selectively without affecting cyclooxygenase-1 (COX-1)
expression. In this study, it was also found that the inhibition of COX-2 of
TCTS was exerted via extracellular signal-regulated kinases (ERK)/Akt and
signal transducer and activator of transcription 3 (STAT3) pathway. The
purpose of this study included the identification of essential oil components
and the bioactivity-guided isolation for non-volatile active compounds
responsible for chamomile’s anti-inflammatory effect. The result showed that
the dried German chamomile contained large amounts of anti-inflammatory
volatile compounds such as a-bisabolol oxide B, B-farnesene and a-bisabolol.

The higher anti-inflammatory effect shown in the methanol extract than in the



water extract was deemed to be due to the greater amount of essential oil
components, in particularly a-bisabolol oxide B, contained in the methanol
extract. The bioactivity-guided isolation performed to explore non-volatile
active components showed that TCTS is mainly responsible for the anti-
inflammatory effect of chamomile with COX-2 inhibition via ERK/Akt and

STAT3 pathway.

Keyword : Carduus crispus, apigenine, pectolinarin, chamomile,
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1. Introduction

1.1. Adipogenesis
1.1.1. Obesity

Excessive body fat is accompanied by serious public health problems [1].
Obesity is associated with not only psychological problems involving an
inferiority complex but also serious metabolic diseases such as fatty liver,
type II diabetes mellitus, cardiovascular disease and cancer [2-4]. To prevent
these serious problems, anti-obesity drugs, which function by either reducing
appetite or inhibiting fat absorption, are used [5]. There are four key methods
to block fat generation: 1) inhibition of cell proliferation on preadipocyte
development, 2) inhibition of differentiation and lipid accumulation at the
stage of maturing adipocytes, 3) lipolysis and 4) acceleration of apoptosis in
mature adipocytes (Figure 1)[6]. However, current pharmacological
medications such as orlistat and sibutramine appear to have limited efficacy
and hazardous side-effects, including increased blood pressure, dry mouth,
constipation, headache and insomnia [7-10]. Therefore, it is necessary to
develop new agents from effective and safe natural plants to treat obesity and
overweight. Several plants, such as ginseng, gingko, Echinacea, garlic,
chamomile and fruits, have been verified as medicinally beneficial through
repeated clinical testing and laboratory analysis [11] and a number of plant

extracts such as green tea [12], garlic compounds [13] and conjugated linoleic
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acid (CLA) [14] have been shown to possess either anti-diabetic effects or
have direct effects on adipose tissue. Many bioactive components from nature
are potentially useful in obesity treatments, with polyphenols as a good
example. These show strong anti-obesity activity and include apigenin,

genistein and the catechins [15-17].

1.1.2.  Adipocyte differentiation

3T3-L1 cells are widely used in basic research of adipocytes and in
pharmaceutical studies and an appropriate preadipocyte in vitro model for
studying differentiation and obesity metabolism, because adipocyte
differentiation plays an important role during the induction of obesity [18, 19].
Efficient differentiation of 3T3-L1 cells into mature adipocytes containing
lipid droplets was confirmed when the cells were treated with differentiation
inducers such as 3-isobutyl-1-methylxanthine (IBMX), dexamethasone and
insulin; the differentiation was accompanied by an increase in adiponectin
release[20, 21]. One of the multifactorial causes for obesity is unregulated
genes, such as the PPARy and C/EBPa which stimulates lipid metabolism [22].
PPARy and C/EBPa are important major transcription factors, known as a key
station protein in the adipocyte differentiation of 3T3-L1 cells [23].

AMPK is a serine/threonine protein kinases, which is activated by

cellular stresses that deplete adenosine triphosphate (ATP) [24]. Identification
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of physiological processes in which the enzyme plays a crucial role indicates
the control of body fat stores by AMPK [25, 26]. In principle, there are two
pathways to diminish adipose tissue mass: one is by a reduction of adipocyte
volume, and the other, by reduction of adipocyte number [27, 28]. The
decrease of the adipose tissue mass is usually attributed to loss of stored lipids
by lipolysis rather than through fat cell loss. Yet, attempts to attribute to
AMPK arole in the lipolytic process have yielded contradictory results. While
Yin et al. demonstrated the essential role of AMPK in lipolysis, others have
claimed the opposite — that AMPK activity is anti-lypolytic [29, 30]. Decrease
of adipose tissue in human cell could result from loss of fat cells through
programmed cell death [31, 32]. Following hormonal and metabolic
stimulators of peripheral AMPK such as leptin and severe nutrient deprivation
can mediate fat mass depletion through apoptotic pathways [33, 34].

ROS are produced by adipocytes during adipogenesis. ROS status in the
cell modulates cellular physiology including growth and proliferation by
affecting signaling molecules [35]. Recent studies have shown that ROS
generation is associated with the pathogenesis and development of metabolic
diseases as shown by the increased prevalence of obesity and diabetes [36, 37].
In particular, increased ROS production in adipose tissue of obese mice has
been in company with activation of nicotinamide adenine dinucleotide

phosphate hydrogen (NADPH) oxidase and inhibition of antioxidant enzymes
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[36].

1.2. Thistles: Carduus crispus L. and Cirsium
japonicum

Thistles are all members of the Asteraceae family, Cynareae strain and
have been identified about two hundred fifty species around the world.
Among them, about ten species have been found in Korea.

Carduus crispus L., commonly known as welted thistle, has been used as
a traditional herbal medicine in Korea to cure different types of inflammation,
such as arthritis, hemostasis and fever. Extracts from this plant have been
found to have anti-cancer properties, with the main component being crispine
A[38]. It was reported that among the seven Korean thistles, Carduus crispus,
composed of luteolin and apigenin derivatives, has shown the strongest
antioxidant capacity [39]. A previous study has demonstrated that the Carduus
crispus methanol extract inhibited adipocyte differentiation through ERK and
p38 mitogen-activated protein kinases (MAPK) pathways [40].

Cirsium japonicum, the milk thistle, is one of the most popular herbal
remedies used by patients with liver disease [41]. It has been prescribed for
the treatment of tumors, such as liver cancer, uterine cancer and leukemia,
anti-hemorrhagic and diuretic agent in folk medicine. Recent studies have

been reported that Cirsium japonicum flavones exert antimicrobial, antitumor
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and antioxidant effects [39, 42]. Flavonoid compounds are the major chemical
content in Cirsium japonicum. In particularly, pectolinarin is the primary

component of Cirsium japonicum.

1.3.  High-speed counter-current chromatography

In recent years, as an advanced separation technigque, high speed
counter-current chromatography (HSCCC) has been widely used to isolate
active components from traditional herbal medicines and other natural
products. This instrument was first invented by Ito [43]. HSCCC instruments
are a modern and popular type of countercurrent chromatography (CCC)
apparatus. In contrast to centrifugal partition chromatography (CPC), there are
no rotating seals. Most modern HSCCC instruments contain multiple (usually
two or three) separation coils. Compared to the conventional column
chromatography, HSCCC is a kind of support-free all-liquid partition
chromatographic technology, which eliminates the irreversible adsorption of
the sample onto solid support and has an excellent sample recovery. What is
more, it has a large amount of sample injection: multiform relative pure
substances can be obtained at one time in large amount. It is gaining
increasing interest recently, and is used more and more frequently in the
isolation and purification of bioactive components from crude materials of

various natural products. A literature investigation revealed that HSCCC
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equipment is always coupled with an ultraviolet (UV) detection, which is of
benefit to the isolation of the components with UV absorptions including
flavonoids, coumarins, lignans etc., while the isolation of the components
without UV absorption using HSCCC are very sparse. In the previous
investigation, many active components from crude materials have been
successfully isolated by HSCCC coupled an UV detection [44-49]. Herein, we
reported a successful method to isolate active compound from the Carduus
crispus L. using HSCCC coupled with evaporative light scattering detector
(ELSD). For the high recovery and the high efficiency, this method has been
met with increasing popularity for the preparative separation of natural
products in recent years.

The purpose of this study is to determine which components from
Carduus crispus L. have potent activity against adipogenesis in mature 3T3-
L1 cells not pre-adipocyte and the mechanism of these components. In
addition, comparative study was performed the marker substance pectolinarin,
isolated from Cirsium japonicum, one of the representative type of thistles on

anti-adipogenesis activity.

22



Preadipocyte

Inhibition of
cell proliferation

Maturation / Mature adipocyte
Lipid filling

Inhibition of
lipid accumulation

Figure 1. Adipocyte life cycle

23

Stimulation of
apoptosis

Lipolysis /
Fatty acid oxidation

Stimulation of
lipolysis




Figure 2. Carduus crispus

24




Pump

D)

Mobile Stationary
phase  phase

ccC

— Signal

control

Three coiled column

Detector

0
]
0

|

UL

Fraction collector

Figure 3. Roadmap of extraction and separation by HSCCC

25



2. MATERIALS AND METHODS

2.1. Materials
2.1.1. Chemicals and reagents

Pectolinarin (purity > 99.8%) was kindly provided by Professor Jae-soo
Choi of Bukyoung University.

Dulbecco’s modified Eagle medium with L-glutamine (DMEM) and 4-
(2-hydroxyethyl)-1-piperazineethane-sulfonic acid (HEPES) were purchased
from Gendepot (Barker, TX). Dulbecco’s phosphate-buffered saline (D-PBS),
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), sodium
bicarbonate, naphtylethylenediamine dihydrochloride, and other reagents not
mentioned were purchased from Sigma Chemical Co. (St. Louis, MO).
Penicillin-streptomycin, trypsin, ethylenediaminetetraacetic acid (EDTA),
trypan blue, recombinant human insulin, IBMX, dexamethasone, Oil Red O,
and NP-40 were purchased from Sigma-Aldrich (St. Louis, MO). Dimethyl
sulfoxide (DMSO) (Bioshop, Burlington, Canada), fetal bovine serum (FBS)
(South Pacific, New Zealand) and bovine calf serum (BCS) (Abclone,
Hurstbridge, Australia) was used. Polyvinylidene difluoride (PVDF)
membrane was purchased from Millipore (Bedford, MA). The antibodies
against C/EBPa, caspase-3, and f-actin were obtained from Santa Cruz
Biotechnology (Dallas, TX). Antibodies against the PPARy, AMPK

al+AMPK a2, anti-AMPK ol+AMPK o2, and cleaved caspase-3 were
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purchased from Abcam (Cambridge, UK). The protein assay reagent (Bio-Rad,
Vancouver, Canada) and the enhanced chemiluminescence (ECL) plus
detection kit (Amersham, Buckinghamshire, UK) were used. All organic
solvents used for HSCCC were of analytical grade and purchased from
Duksan Pure Chemical Co. in Korea. Methanol of HPLC grade used for

HPLC analysis and ESI-MS was supplied by J. T. Baker (Phillipsburg, NJ).

2.1.2. Sample preparation
Carduus crispus was collected from plants cultivated at the Medicinal Plant
Garden, Natural Products Research Institute, Seoul National University and
authenticated by Prof. Je Hyun Lee in Dongguk University. The dried
Carduus crispus was cut with a grinder and extracted with methanol for 1 h
by reflux. This procedure was repeated three times. The extracts were dried
under reduced pressure using an N-1000s rotary evaporator (Eyela, Tokyo,
Japan). The crude extract was divided into five liquid-liquid partition fractions
according to polarity; hexane, ethyl acetate, chloroform, n-butanol, and water.
These fractions were evaporated, freeze-dried and stored in a refrigerator prior

to subsequent HSCCC separation (Figure 4).
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Carduus Crispus
(whole plant)
2.5kg

100% MeOH Ex
137 g ( 5.48%)

Hexane Chloroform Ethyl acetate Butanol Aqueous
21.6¢g 991¢g 223¢g 6.72g 80.44¢
(15.77 %) (7.23 %) (1.63 %) (4.91%) (58.72 %)

BuOH: HOAc:DW=4:1:5
80mg dissolvedin 10 1ml of mobile & stationary phases
Fr1 Fr2 Fr3 Fr4 Fr3 Freé Fr7
3.0mg 5.0mg 4.8 g 8.8mg 12.0mg 14.2 mg 28.0 mg
(3.75%) (6.25%) (6.00%) (11.00%) (15.00%) (17.75%) (35.00%)

Figure 4. Schematic of the extraction and separation of the Carduus

crispus extract.

The ethyl acetate layer is separated by EECCC using a solvent system of n-
butanol-acetic acid-water (4:1:5, v/v). 80 mg of sample from CE was
dissolved in 10 mL each of mobile and stationary phases. Ex.: extract, Fr:

fraction, EECCC: Elution extrusion counter-current chromatography, CE:

Ethyl acetate-soluble layer of the methanol extract from Carduus crispus
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2.1.3. Apparatus

CO; incubator, clean bench and plate centrifuge (Vision Scientific,
Korea), centrifuge (Hanil Scientific, Korea), multi-well plate reader
(Molecular Devices, Emax, Sunnyvale, CA, USA), multi-well plate
fluorometer (Molecular Devices, Gemini XS, Sunnyvale, CA, USA) were
used. The HSCCC instrument was performed using a model TBE-300A high-
speed counter-current-chromatography (Tauto Biotech, Shanghai, China)
adopted three multilayered coil, 1.5 mm I.D. column (total volume 300 mL,
sample loop 20 mL). The revolution speed of the apparatus can be regulated
with a speed controller in the range between 0 and 1000 rpm. The system was
also equipped with a model L-6200A constant-flow pump (Hitachi, Japan).
Monitoring of the effluent was achieved with a SEDEX 55 ELSD (SEDERE,
France). The peaks were collected with the model DC-1200 (Eyela, Japan).
The HPLC equipment used was consisted of L-6200A pump (Hitachi, Japan),
a SIL-9A auto injector (Shimadzu, Japan), a TC-50 controller, a SEDEX 75
ELSD (SEDERE, France) and a Spectra 100 UV detector (Spectra-Physics,
Mount View, CA, USA). Most reaction products were purified by column
chromatography. Diaion HP-20 resin (particle size 200-600 pm) was used for
the column chromatography. ESI-MS experiments were conducted on an LCQ

DECA XP ion-trap mass spectrometer (Thermo finnigan, San Jose, CA).
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2.2. Methods
2.2.1. Cell culture

Mouse 3T3-L1 pre-adipocyte cells were obtained from the American
Type Culture Collection (Manassas, VA). 3T3-L1 fibroblast cells were
cultured in DMEM containing 10% BCS, 25 mM HEPES, 25 mM NaHCOs,
100 units/mL of penicillin, and 100 pg/mL of streptomycin (growth medium)
and incubated at 37 °C in 5% CO,. After the cells were seeded at a density of
1.0 x 10° and reached confluence, they were grown for two days in growth
medium. Cells were treated with the artificial hormonal inducer DMI (cocktail
of 1 uM dexamethasone, 0.5 mM IBMX, and 1 pg/mL insulin) in DMEM
containing 10% FBS (maintenance medium) for two days (from day 0 to day
2). After this treatment, the medium was changed to fresh maintenance
medium with 1 pg/mL insulin and incubated for additional two days (from
day 2 to day 4). Afterwards the medium was replaced with only maintenance

medium every two day.

2.2.2.  Cell viability assay

An MTT assay was used to measure cytotoxicity. Mouse 3T3-L1
fibroblast cells were detached from the cell culture flask by treatment with
0.05% trypsin and 0.53 mM EDTA. Cells were seeded at a density of 1.0 x

10* per well of a 96-well plate with 100 uL of growth medium and incubated
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at 37 °C for 48 h until the cells reached confluence. They were replaced with
new maintenance medium and incubated with various concentrations of
samples for 48 h. After treatment, the medium was changed to 100 uL of MTT
solution for 2 h. Violet formazan was dissolved in DMSO for 15 min. The
plates were then measured at 595 nm with a microplate reader (Emax,

Molecular Devices, Sunnyvale, CA).

2.2.3. Oil Red O staining

On day 8, the 3T3-L1 adipocytes were washed with D-PBS twice and
fixed in filtered 10% formaldehyde in D-PBS for 1 h. Then, the cells were
washed twice with distilled water, after which they were stained with filtered
0.5% QOil Red O solution (in 60% isopropanol) for 2 h at room temperature.
Cells were washed with 60% isopropanol three times to remove unbound dye
and observed with an inverted Leica fluorescence microscope at a
magnification of 100x. Stained Oil Red O was eluted with elution solution
(4% NP-40 in isopropanol, v/v) and quantified by measuring the optical

absorbance at 490 nm.

2.2.4. Intracellular ROS
The level of intracellular ROS scavenging activity was assessed by using

the oxidant-sensitive fluorescent probe, 2* 7°- dichlorofluoresceine diacetate
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(DCFA-DA) [50]. Dichloro-dihydro-fluorescein (DCFH) converted from
dichloro-dihydro-fluorescein diacetate (DCFH-DA) by deacetylase within the
cells is oxidized by a variety of intracellular ROS to dichloro-fluorescein
(DCF), a fluorescent compound. 3T3-L1 adipocytes were seeded in a black
96-well plate. After 2 days, the cells were treated with indicated
concentrations of pectolinarin with DMI. On day 8, the media was changed
into t-BHP (200 uM) to induce ROS generation. After incubating the cells
with DCFH-DA (20 uM) for 30 min, the fluorescence intensity was scanned
by a 96-well microplate fluorometer (Molecular Devices Gemini XS,
Sunnyvale, CA) and quantified by measuring the optical absorbance at 540

nm.

2.2.5.  Western blot analysis

Mouse 3T3-L1 cells were washed once with ice-cold D-PBS, directly
extracted with radioimmunoprecipitation assay (RIPA) buffer (20 mM Tris-Cl,
pH 7.5, 150 mM NaCl, 1 mM NaEDTA, 1 mM EGTA, 1% NP-40, 1%
sodium deoxy cholate, 2.5 mM sodium pyrophosphate, 1 mM NazVOs, 1 mM
dithiothreitol (DTT), 1 mM phenylmethanesulfonyl fluoride (PMSF), and a
protein inhibitor cocktail; Sigma-Aldrich, St. Louis, MO) and incubated on
ice for 30 min to promote lysis. After centrifuging at 14,000xg for 10 min, the

protein content of the supernatant was measured, and aliquots (20 pg) of
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protein were separated in SDS polyacrylamide gels and transferred to a PVDF
membrane. After blocking with 5% skim milk, the membrane was incubated
with primary and secondary antibodies, and the blot was developed for
visualization using the ECL Plus detection kit. The intensity of each band was
quantitatively determined using UN-SCAN-IT™ gel software (version 6.1,
Silk Scientific, UT), and the density ratio showed the relative intensity of each

band compared with the controls in each experiment.

2.2.6. Statistical analysis

Values were expressed as the mean + standard deviation (S.D.). The
statistical significance of the differences between the study groups was
assessed by analysis of variance (ANOVA) followed by Student’s t-test (SPSS
version 10.0, Chicago, IL). The proportion of Oil Red O positive cells per
well was measured in triplicate for each treatment on three separate occasions.

Significance was assessed as p < 0.05 [*p < 0.05; **p < 0.01; ***p < 0.005].
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3. Results

3.1. Inhibitory effect of the Carduus crispus methanol
extract on lipid accumulation in 3T3-L1 Cells

The effect of Carduus crispus extract on a product of lipid accumulation
indicative of 3T3-L1 differentiation was examined by Oil Red O staining. To
evaluate the anti-obesity effects of the Carduus crispus extract, a comparison
with the known PPARy antagonist GW9662 was performed. Figure 5A shows
the results of Oil Red O staining under a microscope. Quantitatively,
treatment of 3T3-L1 adipocytes with Carduus crispus at 100 pg/mL showed a
significant decrease in lipid accumulation in differentiated adipocytes by
40.0£1.0% (p <0.005). To investigate the key regulators of adipogenesis,
PPARy and C/EBPa protein expression levels in 3T3-L1 cells were measured
by Western blot analysis. Figure 5B shows that the Carduus crispus methanol
extract inhibited over 60% of PPARY protein expression at a concentration of
50 pg/mL and inhibited over 50% of C/EBPa expression at a concentration of

25 pg/mL in maturing pre-adipocytes.
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Figure 5. Inhibitory effects of the Carduus crispus methanol extract on
lipid accumulation and PPARy and C/EBPa protein expression during

adipogenesis.

Mouse 3T3-L1 pre-adipocyte cells were differentiated with DMI in either the
absence or presence of 100 pg/mL of Carduus crispus extract on lipid
accumulation and various concentrations of Carduus crispus extract on the
protein expression of principal adipogenic factors. (A) After this treatment for
eight days, the cells were stained with Oil Red O followed by elution of the
stained Oil Red O with 4% NP-40 solution, and the stained lipid content was
guantified by measuring absorbance at 490 nm; (B) To examine the
expression levels of PPARy and C/EBPa, the cells were lysed on day 5. B-
actin was used as an internal reference for sample loading control.
Densitometric quantitation for PPARy and C/EBPa was performed. All of the
experiments were performed in triplicate, and the results are represented as
the mean = S.D. DMI: Cocktail of 1 uM dexamethasone, 0.5 mM IBMX and

1 pg/mL insulin
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3.2. Effects of the five liquid layers from Carduus
crispus methanol extract on the expression of PPARy and

C/EBPa, proteins in 3T3-L1 cells

After solvent fractionation of Carduus crispus, the CH (hexane-soluble
layer), CC (chloroform-soluble layer), CE (ethyl acetate-soluble layer), CB
(n-butanol-soluble layer), and CW (water-soluble layer) were obtained from
the methanol. We compared the inhibitory effects of every fraction from C.
crispus on the production of PPARy and C/EBPa. All of the fractions except
for the CB drastically decreased PPARy expression. As shown in Figure 6,
DMI-induced PPARYy and C/EBPa protein expressions are strongly inhibited
by the CE layer (18.0% and 39% of DMI, respectively). The CB fraction had
no effect on the C/EBPa protein expression, but there was a 50% decrease in

the protein expression of C/EBPa in the CC and CE layers.
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Figure 6. Inhibitory effects of different fractions from Carduus crispus on

PPARY and C/EBPa protein expression during adipogenesis.

Mouse 3T3-L1 pre-adipocyte cells were differentiated with DMI in either the
absence or presence of 5 ug/mL of each fraction. To examine the expression
levels of PPARy and C/EBPa, the cells were lysed on day 5. B-actin was used
as an internal reference for sample loading control. Densitometric quantitation
for PPARy and C/EBPa was performed. All of the experiments were
performed in triplicate, and the results are represented as the mean + S.D.

DMI: Cocktail of 1 uM dexamethasone, 0.5 mM IBMX and 1 pg/mL insulin,
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CH: Hexane-soluble layer of the methanol extract from C. crispus, CC:
Chloroform-soluble layer of the methanol extract from C. crispus, CE: Ethyl
acetate-soluble layer of the methanol extract from C. crispus, CB: n-Butanol-
soluble layer of the methanol extract from C. crispus, CW: Water-soluble

layer of the methanol extract from C. crispus
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3.3. Selection of the two-phase solvent system on
EECCC

Under the optimum conditions, seven fractions were obtained in the one-
step EECCC, as shown in Figure 7. The K values about several peaks are
given in Table 1. Among these fractions, two components were identified: 12
mg of fraction 5 (collected during 495-530 min) and 14.2 mg of fraction 6
(collected during 620-640 min). The purities of these components were
94.6% and 91.9%, respectively, as determined by the HPLC peak area
percentage. Among these fractions, two components were identified: 12 mg of
fraction 5 (collected during 495-530 min, 15.00% vyield) and 14.2 mg of
fraction 6 (collected during 620—640 min, 17.75% yield). The purities of these
components were 94.6% and 91.9%, respectively, as determined by the HPLC

peak area percentage. The K values about several peaks are given in Table 1.
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Figure 7. The HSCCC chromatograms of the EA extract from Carduus
crispus.

Solvent system: n-butanol/acetic acid/water (4:1:5 v/v/v); stationary phase:
upper phase; mobile phase: lower phase; flow rate: 1 mL/min for 390 min, 2
mL/min for 390-600 min and 1 mL/min for the remaining time; sample size:
80 mg. ELSD detection: nebulizer gas flow rate: 2.5 L/min, drift tube
temperature: 90°C, split ratio: 10:1. Fr: fraction. HSCCC: High speed counter-

current chromatography
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Table 1. Partition coefficient (K) values of Carduus crispus in different

solvent systems.

Solvent
Peakl Peak?2 Peak3  Peak5 Peakd Peak6  Peak7
composition
EaMAcW
2.71 4.03 5.07 32.66
(5:1:0.5:5)
EaMW
2.56 4.06 6.40 55.09 56.28
(5:1.5:5)
EaMHoacW
2.80 5.93 9.74 144.45
(4:1:0.25:5)
BEaW (4:1:5) 78.8 73.9
BEaW (3:2:5) 414 88.55 91.85
EaMW
2.18 1.25 1.19 4.49 7.15 177.36
(3:2:5)
EaMW
3.28 1.48 31.42 22.03
(4:1:5)
EaMW
3.86 2.07 10.99 44.80
(5:1:5)
BHoacW
3.42 5.82 2.01 4.57 6.65 18.13
(4:1:5)
BHoacW
14.37 38.62 42.99 18.91
(4:0.5:5.5)
BW (4:6) 79.56 4178  87.96
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BW (5:5) -

BHoacW
26.96
(4.5:0.5:5)
BHoacW
10.25 31.74 18.29 13.45 25.21 127.85
(4.5:1:4.5)

The K value is calculated by peak area of each solute at the lower phase
divided into that at the upper phase. Ac: acetone, B: n-butanol, Ea: ethyl

acetate, Hoac: acetic acid, M: methanol, W: distilled water
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3.4. Structural identification

The structural identification of two fractions was performed by use of
ESI-MS (negative ion mode) and 1H-NMR spectroscopy. Data of each
compound were as follows: Fraction 5 in Figure 7: ESI-MS(m/z): 431.1([M-
H]"), 284.1([M-H-rha]"), 456.8([M-H-2H20]"), 862.7(2[M-H]"), 1294.2(3[M-
HJ). 1H NMR(500 MHz, CD30D) 0.9 (d, J = 6 Hz, CH3), 5.33 (1H, d, J =
1.5 Hz, H-1°), 6.2 (1H, d, ] = 2.5 Hz, H-6), 6.77 (1H, d, J = 2.5 Hz, H-8), 6.93
(2H, d, J = 8.4 Hz, H-3> and H-5"), 7.76 (2H, d, J = 8.4 Hz, H-2’ and H-6").
The results were matched to literature data for kaempferol-rhamnoside [51].
Fraction 6 in Figure 7: ESI-MS(m/z): 269.3([M-H]"), 538.6(2[M-H]"). By
comparing the retention time and the molecular weight identified by ESI-MS,

fraction 6 was confirmed as apigenin.
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3.5. Effects of the EECCC fractions from the EA-
soluble layer of Carduus crispus on lipid accumulation in

3T3-L1 cells

Because the CE layer reduced the expression of PPARy and C/EBPa
proteins in 3T3-L1 adipocytes, we attempted to identify the main component
responsible for this activity. All of the fractions (5 pg/mL) obtained by
EECCC showed no cytotoxicity in the MTT assay (data not shown). A total of
seven fractions from the CE layer were compared by Oil Red O staining, and
both fraction 2 and fraction 6 showed the positive activity, as shown in Table
2. The inhibitory effect of fraction 6 (59% inhibition) was 6% higher than the
effect of fraction 2 (53%). Although fraction 2 showed a significant effect, we
confirmed with ESI-MS and assured that it is not a single compound.
Therefore it has been focused on fraction 6 which demonstrated the highest

activity.
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Table 2. Inhibitory effects of each fraction from EECCC on lipid

accumulation in 3T3-L1 adipocytes.

Lipid contents (%)

DMI 100.0 + 12.63
Fraction 1 629 * 764
Fraction 2 46.1 + 1.38*
Fraction 3 119.1 =+ 881
Fraction 4 97.0 * 863
Fraction 5 706 = 149
Fraction 6 409 + 3.32*
Fraction 7 729 = 131

All of the samples were used at a concentration of 5 pg/mL. Data are
represented as the mean £ S.D (p < 0.05). Significance was assessed as p <

0.05 [*p < 0.05; **p < 0.01; ***p < 0.005].
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3.6. Effects of apigenin on the cell viability and
accumulation of lipid droplets in 3T3-L1 cells

The effects of apigenin on cell viability and adipogenesis using 3T3-L1
cells. In maturing preadipocytes, after 5 days treatment, 10 and 50 uM
apigenin decreased cell viability dose-dependently by 102.2 + 1.4%, and 72.4
+ 0.5% (p < 0.005), respectively and in mature adipocytes, after 8 days
treatment, 10 and 50 uM apigenin decreased cell viability dose-dependently
by 80.7 + 3.6%, and 45.7 = 0.7% (p < 0.005), respectively (Figure 8A). The
inhibitory effect of apigenin on the expression of adipogenic markers resulted
in a diminished accumulation of lipids in the cells, which was confirmed by
the Oil Red O staining. As shown in Figure 8B, treating the cells with DMI
induced an increase in lipid droplet production, which was inhibited by
treatment with 40 uM of apigenin (76.9% inhibition). This inhibition was
more pronounced compared with treatment with the PPARy antagonist,

GW9662.

3.7. Effects of apigenin from the EA layer of Carduus
crispus on the expression of proteins associated with
differentiation induction

The effect of apigenin on protein levels of PPARy and C/EBPa

associated with differentiation induction in adipocytes compared with
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GW09662 (Figure 8C). In undifferentiated cells (control), PPARy and C/EBPa
protein expression was not detected. After treatment with DMI, PPARYy and
C/EBPa expression levels were greatly increased. However, treatment with 40
UM of apigenin reduced the protein expression levels of PPARy and C/EBPa
by 66.5% and 77.9%, respectively. Our results showed that apigenin
attenuated lipid accumulation and the phosphorylation of AMPK increased in
a dose-dependent manner on differentiated 3T3-L1 cells (Figure 8D).
Caspase-3 activity was also evaluated by Western blot analysis, as it is the
primary indicator of apoptotic cell death. Apigenin was shown to induce
apoptosis with an increase of cleaved caspase-3 specifically in maturing 3T3-

L1 adipocytes.
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Figure 8. Inhibitory effects of apigenin extracted from Carduus crispus on

lipid accumulation and induction of differentiation and apoptosis in 3T3-
L1 mature adipocytes.

Mouse 3T3-L1 pre-adipocyte cells were differentiated with DMI in either the

absence or presence of 1, 5, 20, and 40 uM of apigenin. (A) After five days
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and eight days at the same conditions with maturing preadipocytes and mature
adipocytes, an MTT assay was used to measure cell viability. After 100 uL of
MTT solution treatment, violet formazan was dissolved in DMSO and
measured at 595 nm; (B) After this treatment for eight days, the cells were
stained with Oil Red O followed by elution of the stained Oil Red O with 4%
NP-40 solution, and the stained lipid content was quantified by measuring
absorbance at 490 nm; (C) On day 5, the cells were lysed to examine the
expression levels of PPARy and C/EBPa. Cleaved caspase-3 was also
detected in the same protein lysate. Densitometric quantitation for PPARy and
C/EBPa was performed; (D) After treatment with DMI for eight days, the
expression of the phosphorylated and pro-forms of AMPK and caspase-3 were
detected. B-actin was used as an internal control. All of the experiments were
performed in triplicate, and the results are represented as the mean + S.D.

DMI: Cocktail of 1 uM dexamethasone, 0.5 mM IBMX and 1 pg/mL insulin
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3.8.  Effects of pectolinarin from Cirsium japonicum on
lipid accumulation in 3T3-L1 cells

The inhibitory effect of pectolinarin on the expression of adipogenic
markers resulted in a diminished accumulation of lipid droplets in 3T3-L1
mature adipocytes, which was confirmed by the Oil Red O staining. As shown
in Figure 9A, treating the cells with DMI induced an increase in lipid droplet
production, which was inhibited by treatment with pectolinarin in a dose-
dependent manner. This inhibition was more pronounced compared with
treatment with the PPARy antagonist, GW9662. Pectolinarin did not induce

cell death in the 3T3-L1 pre-adipocyte and mature adipocytes.

3.9. Effects of pectolinarin from Cirsium japonicum on
intracellular ROS generation in 3T3-L1 cells

The inhibitory effect of pectolinarin on t-BHP-induced ROS in 3T3-
L1 adipocyte was evaluated (Figure 9B). Pectolinarin showed a significant

reduction of ROS production in a dose-dependent manner.

3.10. Effects of pectolinarin from Cirsium japonicum on
the Expression of Proteins Associated with Differentiation

Induction

The effects of pectolinarin on protein levels of PPARy and C/EBPa
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associated with differentiation induction in adipocytes were compared with
GW09662 (Figure 9C). After treatment with DMI and pectolinarin, treatment
with pectolinarin reduced the protein expression levels of PPARy and C/EBPa
against DMI only.

Figure 9D showed that the phosphorylation of AMPK increased in a
dose-dependent manner on differentiated 3T3-L1 cells. Caspase-3 activity
was also evaluated by Western blot analysis. However, pectolinarin was not
shown the increase of cleaved caspase-3 in maturing 3T3-L1 adipocytes (data
not shown). To understand the molecular events of decreased lipid
accumulation in cells exposed to the pectolinarin, SREBP-1 protein levels
were also evaluated. SREBP-1 protein level was greatly reduced at
pectolinarin concentration of 50 uM. Next, the result of heme oxygenase
(HO)-1 protein expression, associated with intracellular ROS generation by
the oxidative stress, was detected that pectolinarin reduced expression level of

the HO-1.
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Figure 9. Inhibitory effects of pectolinarin extracted from Cirsium
japonicum on lipid accumulation and induction of lipid oxidation in 3T3-

L1 adipocyte cells.

Mouse 3T3-L1 pre-adipocyte cells were differentiated with DMI in either the
absence or presence of 1, 10, 25, and 50 uM of pectolinarin. (A) After this
treatment for eight days, the cells were stained with Oil Red O followed by
elution of the stained Oil Red O with 4% NP-40 solution, and the stained lipid
content was quantified by measuring absorbance at 490 nm.; (B) On day 8,
the cells were lysed to examine the intracellular ROS generation.; (C) On day
5, the cells were lysed to examine the expression levels of PPARy and
C/EBPa.; (D) SREBP-1 and HO-1 were also detected in the same protein
lysate. After treatment with DMI for eight days, the expression of the
phosphorylated and pro-forms of AMPK were detected. -actin was used as
an internal control. All of the experiments were performed in triplicate, and
the results are represented as the means + S.D. Significance was assessed as p

<0.05 [*p < 0.05; **p < 0.01; ***p < 0.005].
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4. Discussion

Adipogenesis is promoted by increased expression of the PPARy and
C/EBPa genes [52]. PPARy acts as a transcription factor to several genes
associated with differentiation [53]. Although the gene levels and protein
levels of PPARy and C/EBPa are very low in 3T3-L1 pre-adipocytes,
increased expression levels accompany the differentiation caused by various
inducers [54, 55]. By day 5, Carduus crispus had suppressed the expression of
the adipocyte differentiation makers PPAR-y and C/EBPa.

The purpose of this study was to isolate and identify the active
compound(s) from the methanol extract of the Carduus crispus plant that has
shown an inhibitory effect on adipogenesis in 3T3-L1 cells. Studying the
cytotoxicity of Carduus crispus against 3T3-L1 cells by the MTT assay
showed no toxicity at concentrations up to 100 pg/mL; therefore, the
maximum concentration of Carduus crispus used in the present study was 100
pg/mL. This result implies that Carduus crispus is not associated with
blocking clonal expansion in the early stage of pre-adipocytes. Under the
bioassay-guidance of anti-obesity activity according to lipid accumulation and
Western blot analysis for PPARy and C/EBPa in differentiated 3T3-L1 cells,
the sub fractions from the extract and subsequent compounds with the highest
activity were selected. The results showed that the CE of the Carduus crispus

extract, the flavonoid-rich fraction, resulted in the strongest inhibition of
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adipogenesis activity on 3T3-L1 cells by decreasing protein expression of
adipogenic transcription factors PPARy and C/EBPa without cytotoxicity at a
concentration of 5 pg/mL. Therefore, we isolated the compounds of the CE
layer using EECCC and HPLC-UVD systems to confirm the active
component. After comparing the different ratios of the K value, n-butanol-
acetic acid-water (4:1:5, v/v) resulted in the best separation. However, the K
value of peak 6 (fraction 6) was too high to separate the compounds.
Therefore, EECCC was used to reduce the amount of time necessary to
separate the analyte. From these efforts, five mixtures and two isolated
compounds were obtained. Fraction 5 and 6 were identified as kaempferol-
rhamnoside and apigenin, respectively, which were confirmed by ESI-MS and
1D-NMR.

Finally, apigenin (fraction 6) is the main bioactive compound from
Carduus crispus on adipogenesis. Apigenin exhibited a promising anti-
adipogenic effect against lipid accumulation, PPARy and C/EBPa protein
expression, and for the activation of AMPK protein expression. AMPK
activation, a metabolic master switch, induced apoptotic cell death, inhibition
of lipolysis, and the down-regulation of key adipogenic genes such as PPARy
and C/EBPa [56].

Apigenin is found not only in species of genus Carduus but also in a

number of other vegetables and fruits, such as parsley, onions, chamomile,
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orange, and some seasonings. Apigenin also possesses anti-inflammatory,
anti-carcinogenic, and free radical scavenging properties [57, 58]. It has been
reported that apigenin is a potent inhibitor of the activation of nuclear
transcription factor NF-xB, which has been associated with the regulation of
cell growth, cell-cycle regulation, and apoptosis [59]. Studies in several
human carcinoma cell lines, including breast cancer, colon cancer, and
leukemia, have shown that apigenin induces growth inhibition, cell cycle
arrest, and apoptosis [60, 61]. In this study, apigenin resulted in the induction
of apoptosis not only in several cancer cells but also in 3T3-L1 cells as
evidenced by cleaved caspase-3 detection. Apoptosis in mature adipocytes
was attributed to the diminished accumulation of lipids.

In summary, the methanol extract of Carduus crispus has an inhibitory
effect on adipogenesis in 3T3-L1 adipocyte cells. The CE contained abundant
flavonoids and attenuated the main regulatory factors of adipogenesis, PPARy
and C/EBPa. We obtained two pure compounds from this fraction though
EECCC: kaempferol-rhamnoside and apigenin. Because of the potent
inhibition of adipogenesis by apigenin, we anticipate that Carduus crispus and
its constituent, apigenin, will be useful for the treatment of undesired weight
gain and metabolic diseases, including disorders related to lipid metabolism.
This is the first report showing that apigenin, as one of the main bioactive

compounds in Carduus crispus, exerts apoptotic activity on 3T3-L1 cells. For
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this reason, it could be asserted that Carduus crispus has potent anti-
adipogenic activity.

Using the marker substance pectolinarin, isolated from Cirsium
japonicum, another representative type of plant belonging to the group of
thistles, a dose-dependent decrease on lipid accumulation was identified in
3T3-L1 adipocytes. This inhibitory effect on adipogenesis was shown to be
induced by the suppression of a sterol regulatory element SREBP-1 and the
activation of AMPK. The findings that the generation of ROS and the
expression of HO-1 proteins were inhibited suggest that this anti-adipogenic
effect resulted from lipid oxidation.

The present study demonstrates that apigenin from Carduus crispus and
pectolinarin from Cirsium japonicum have reduced the lipid accumulation
with their significantly inhibition of PPARy and C/EBPa protein expressions
and the activation of AMPK. However, apigenin has cytotoxicity at 50 uM not
in pre-adipocytes but in mature adipocytes and pectolinarin has no cytotoxic
effect on both types of cells. In summary, this study shows that apigenin has
shown the apoptotic 3T3-L1 cell death via the activation of AMPK and
caspase-3. Whereas pectolinarin, against apigenin, has shown the lipid

oxidation via the inhibition of intracellular ROS and HO-1 generation.
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CHAPTER II.

Optimization of headspace-solid phase micro extraction
coupled to gas chromatography mass spectrometer for
the chemical composition analysis of chamomile
(Matricaria recutita L.) and bioactivity-guided isolation of

its anti-inflammatory active components

61



1. Introduction

1.1.  Inflammation

The cause of inflammation is unknown, although there are several
theories. Most of them assert that RA is traditionally considered a chronic,
inflammatory autoimmune disorder that causes the immune system to attack
the joints. It is a disabling and painful inflammatory condition, which can lead
to substantial loss of mobility due to pain and joint destruction. Within the
past few years, greater understanding of the pathophysiology of RA has
permitted development of therapies targeted at specific cytokines. Tumor
necrosis factor-alpha (TNF-c), interleukin-1p (IL-1pB), interleukin-63 (IL-6(3),
and interleukin-8p (IL-8B) are pro-inflammatory cytokines believed to play a
key role in the inflammatory response in RA [62]. In response to these
cytokines, NF-kB transcription factor controls the expression of a plethora of
genes involved in inflammation, anti-apoptosis, and cell proliferation [63].

RA usually requires lifelong treatment, including medications, physical
therapy, exercise, education, and possibly surgery. Early, aggressive treatment
for RA can delay joint destruction. Anti-inflammatory agents used to treat RA
include aspirin and non-steroidal anti-inflammatory drugs (NSAIDS), such as
ibuprofen (Motrin, Advil), fenoprofen, indomethacin, and naproxen
(Naprosyn). NSAIDS are commonly used to relieve joint pain and

inflammation. Although NSAIDs work well, long-term use can cause stomach
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problems, such as ulcers and bleeding, and possible heart problems. COX-2
inhibitors block an inflammation-promoting enzyme called COX-2. This class
of drugs was initially believed to work as well as traditional NSAIDs, but with
fewer stomach problems. However, numerous reports of heart attacks and
stroke have prompted to re-evaluate the risks and benefits of the COX-2s.
Rofecoxib (Vioxx) and valdecoxib (Bextra) have been withdrawn following
reports of heart attacks in patients taking the drugs. Celecoxib (Celebrex) is
still available, but labeled with strong warnings and a recommendation that it
be prescribed at the lowest possible dose for the shortest duration possible.
Other drugs that suppress the immune system, such as azathioprine (Imuran)
and cyclophosphamide (Cytoxan), are sometimes used in people who have
failed other therapies. These medications are associated with toxic side effects
and usually reserved for severe cases of RA. Because of these problems, a
major target of drug research is the development of NSAIDs with anti-

inflammatory and analgesic activity but without side effects.

1.2.  Matricaria recutita L.
1.2.1. German chamomile

chamomile has been used for centuries as a medicinal plant mostly for its
anti-inflammatory, analgesic, anti-microbial, anti-spasmic and sedative

properties [64, 65]. As a member of Asteraceae family, it is widely
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represented by two known varieties viz. German chamomile (Matricaria
chamomilla) and Roman chamomile (Chamaemelum nobile). German
chamomile in particular is the most common variety used for medicinal
purpose [65]. It is known to contain several classes of biologically active
compounds including essential oils and several polyphenols. The principal
components of the essential oil extracted from chamomile flowers are the
terpenoids a-bisabolol and its oxide, azulenes including chamazulene and
acetylene derivatives [66]. Terpenoids, bisabolol, and chamazulene have been
shown to possess anti-inflammatory, anti-allergic, antispasmodic, antibacteriall,
antipyretic, ulcer-protective, and antifungal properties [65]. Numerous reports
are available on the identification of several phenolic compounds including
apigenin, quercetin, and patuletin as glucosides and various acetylated
derivatives [67, 68]. In natural conditions most of the flavonoids occur as
glucosides bound to the sugar moiety. Glucosides are highly stable and water
soluble. In fact, infusion is one of the most popular methods and has been
traditionally used as carminative and mild sedative to calm nerves and reduce
anxiety, to treat hysteria, nightmares, insomnia, and other sleep problems.
Additionally, chamomile has been valued as a digestive relaxant and has been
used to treat various gastrointestinal disturbances including flatulence,
indigestion, diarrhea, anorexia, motion sickness, nausea, and vomiting [69,

70]. The widespread use and medicinal properties has made chamomile
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increasingly popular in the form of tea which is consumed at a rate of over
one million cups per day. Apart from the existing traditional knowledge on tis
therapeutic efficacy more work has been conducted in recent years on
chamomile to establish its antioxidant, hypocholesterolemic, anti-parasitic,
and anti-aging properties [71-74].

The present study is evaluated anti-inflammatory properties of
chamomile of methanol extract to identify its essential oil and anti-

inflammatory compound.

1.2.2. Essential oils

Essential oils are valuable natural products used as raw materials in
many fields, including perfumes, cosmetics, aromatherapy, phytotherapy,
spices and nutrition [75]. Aromatherapy is the therapeutic use of fragrances or
at least mere volatiles to cure, mitigate or prevent diseases, infections and
indispositions by means of inhalation [76]. This has recently attracted the
attention of many scientists and encouraged them to screen plants to study the
biological activities of their oils from chemical and pharmacological
investigations to therapeutic aspects. Hopefully, this will lead to new
information on plat applications and new perspective on the potential use of

these natural products.

65



1.3. HS-SPME/GC-MS

Because the emitted volatile fraction plays a fundamental role in a plant’s
life, various novel techniques have been developed for its extraction from
plants. In essential oil analysis, gas chromatography (GC) techniques are used
as the main analytical method because the majority of essential oils are
volatiles. Volatile compounds are usually isolated from sample matrix by
using several sample preparation techniques, e.g. liquid phase extraction, gas
phase extraction/distillation and solid phase extraction, before GC analysis.
Sample pretreatment procedure is very important for GC-MS technique. Most
of the time, it deals with the organic solvent, which may cause environmental
pollution and be hazardous to health. Therefore, developing environmentally
benign pretreatment procedures are highly desirable. The essential oils of
aromatic herbs are traditionally obtained using steam distillation [77-79] and
organic solvent extraction using percolation, maceration or Soxhlet technigques
[80-82]. These procedures, however, have distinct drawbacks such as time-
consuming and labor-intensive operations, handling of large volumes of
hazardous solvents and extended concentration steps with can result in the
loss or degradation of target analytes [83]. One novel technique that should be
suitable for volatile arsenic speciation without sample pretreatment is SPME.
SPME has been largely applied to volatile compounds analysis in combination

with GC and GC-MS, offering solvent-free and rapid sampling with low cost
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and ease of operation; moreover, it is sensitive, selective and also compatible
with low detection limits [84]. Especially, headspace solid phase micro
extraction (HS-SPME) allows for the rapid fingerprinting of a plant’s
headspace [85-88], and HS sampling requires the optimization of the
extraction parameters to be carried out. As has been previously reported in the
literature, the most effective fibers from natural herbal matrices used are those
consisting of three polymers: a liquid (PDMS) for the less polar components,
and two solids, DVB and CAR, for the more polar components. Several
conditions regarding the time and temperature for equilibrium and extraction
have been reported, according the plant material analyzed [85-88]. To obtain a
better understanding of the volatiles of chamomile, we investigated the
chemical composition of chamomile essential oils extracted using HS-
SPME/GC-MS with 65-um polydimethylsiloxane/divinylbenzene
(PDMS/DVB) fiber from the dried chamomile and compared to water extract,
methanol extract and hexane layer from methanol extract of chamomile. In all
cases, the analysis was carried out using gas chromatography (GC) and GC-

MS.
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Figure 10. Chamomile (Matricaria recutita L.)
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Figure 11.

HS-SPME system
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2. MATERIALS AND METHODS

2.1. Materials
2.1.1. Chemicals and reagents

DMEM culture medium, penicillin-streptomycin, D-PBS, trypan blue,
DMSO, sulfanilamide, lipopolysaccharide (LPS), Tween 20, 4-
methylumbelliferyl phosphate (4-MUP), HEPES, sodium bicarbonate and
naphtylethylendiamine dihydrochloride were purchased from Sigma Chemical
Co. Ltd (St. Louis, MO). FBS was purchased from South Pacific (New
Zealand). PVDF membranes (Millipore, MA), Protein Assay Reagent (Bio-
Rad, Vancouver, Canada), anti-iNOS, anti-COX-1, anti-COX-2, B-actin and
horseradish peroxidase (HRP)-conjugated secondary antibody (Santa Cruz,
CA, USA), ECL Plus detection kit (Amersham, UK) were used. All organic
solvents used for column chromatography were of an analytical grade and
purchased from Duksan pure chemical Co. in Korea. Phosphoric acid and
methanol used for HPLC analysis and ESI-MS were of HPLC grade. Silica
gel and diaion HP-20 resin (Mitsubishi chemicals, Co., Tokyo, Japan) were
used for sample purification and the water was used distilled water. The
SPME manual holder and the fiber of polydimethylsiloxane-divinylbenzene

(PDMS-DVB, 65 uM) were purchased from Young-hwa science, Korea.
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2.1.2. Sample preparation

German chamomile was obtained from Mt. Jiri in Korea. Five hundred
grams of chamomile were boiled three times for 1 hr with 8 £ of methanol.
The solvent was removed by rotary evaporation (N-1000s Eyela, Japan). The
extract was lyophilized using a freeze dryer (FD5050, lishin Lab. Co. Ltd.,
Korea) and 118 g (yield (w/w) 23.0%) of crude extract was obtained. The dry
extracts were DMSO before bioassay. For isolation of chamomile, 100 g of
the crude extract was divided into four liquid-liquid partition fractions
according to polarity; hexane, ethyl acetate, n-butanol, and water. These
fractions were evaporated, freeze-dried and stored in a refrigerator prior to
subsequent silica gel and diaion HP-20 column chromatography separation

(Figure 13).

73



| Matricaria recutita L. 500 g |

l 8L boiling MeOH for 1 hr, triplicate

[ McOH extract 118 ¢ 23 %) |

Solvent partition, 2L, 100 g loading, triplicate

|

n-Hexane (MH)

Ethyl acetate(ME)

n-BuOH (MB)

Water Residue (MW)

15 g (15 %) 11 g (11 %) 20 g (20 %) 48 g (48 %)
Silica gel column chromatography, 10 g loading,
Hexane : EA =5:1 — 100% MeOH
[ I | ] | |
MESil MESi2 MESi3 MESi4 MESIiS MESi6 MESi7
80.0 mg 47.6 mg 106.4 mg (| 200.0 mg 2500.0 mg 2700.0 mg 1500.0 mg
(0.8%) (0.5%) (1.1%) (2.0%) (25.0%) (27.0%) (15.0%)
Diaion HP-20 gel chromatography, 2g loading, 4L elution, MeOH : DW
| | | |
MESD30 MESDS0 MESD70 MESD90 MESD100
31 mg 90 mg 396 mg 506 mg 420 mg
(1.2%) (3.6%) (15.8%) (20.2%) (16.8%)

Figure 13. Schematic of the extraction and separation of German

chamomile (Matricaria recutita L.)
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2.1.3. Apparatus

CO; incubator, clean bench and plate centrifuge (Vision Scientific,
Korea), centrifuge (Hanil Scientific, Korea), multiwell plate reader
(Molecular Devices, Emax, Sunnyvale, CA, USA), multiwell plate
fluorometer (Molecular Devices, Gemini XS, Sunnyvale, CA, USA) were
used. The HPLC equipment used was consisted of L-6200A pump (Hitachi,
Japan), a SIL-9A auto injector (Shimadzu, Japan), a TC-50 controller, a
SEDEX 75 ELSD (SEDERE, France) and a Spectra 100 UV detector
(Spectra-Physics, Mount View, CA, USA). Most reaction products were
purified by column chromatography. Silica gel (particle size 60-200 um) and
diaion HP-20 resin (particle size 200-600 pum) were used for the column
chromatography. ESI-MS experiments were conducted on an LCQ DECA XP

ion-trap mass spectrometer (Thermo finnigan, San Jose, CA).

2.2. Methods
2.2.1. HS-SPME extraction

The fiber was conditioned by inserting them into the GC injector port
according to the manufacture instructions before first use: 30 min at 250 °C
for PDMS/DVB. Sample powders were quickly introduced into 20 mL
headspace vials sealed with caps. The needle coated with fiber was inserted

into the vials allowing the fibers exposed to the headspace above the samples.
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After a period of extracting time at setting temperatures, the needle was
removed from the headspace vials and directly inserted into the injection port
of GC-MS. After a period of thermal desorption, the injected needle was
removed and the GC-MS analysis procedure was initiated. Effects of different
extracting temperature (40, 80 and 100 °C), extracting time (15, 30 and 45
min), sample amount (0.5, 1.0 and 1.5 g) and desorption time (1, 3 and 5 min)

were investigated.

2.2.2. GC-MS analysis

GC-MS analyses were consisted of HP 5890 GC system and HP
MD5790 mass spectrometer equipped with a single injector and flame
ionization (FID). The apparatus was used for simultaneous sampling to
HP-5MS capillary column (30 m x 0.25 mm, 0.25 um). Temperature
program: after at 70 °C for 5 min, 70 to 250 °C at 5 °C/min and then
held isothermal 250 °C for 5 min. Carrier gas: high-purity helium (1
mL/min). Sample injection was conducted with a split-less mode.
Injected volume was 0.1 pL. lon source temperature: 150 °C; energy
ionization: 70 eV; electron ionization mass spectra were acquired with a

mass range of 35-350 Da.
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2.2.3. Primary cell culture

Raw 264.7 cells, murine macrophages, were bought from American Type
Culture Collection and suspended in DMEM with 10% FBS containing 100
U/mL of penicillin and 100 pg/mL of streptomycin. The cells were plated in a
75-cm2 tissue culture flask and stored in a 5% CO2 humidified incubator
(Vision scientific, Korea) at 37°C. For counting the cells, we used a
hemocytometer and the number of viable cells was determined by trypan blue

dye exclusion.

2.2.4. Cytotoxicity assay

For the cytotoxicity study, an MTT assay was used. In brief, RAW 264.7
cells were seeded 1.0 x 10* into each well of clear 96-wells pates with 100 pl
of growth medium and incubated at 37 °C for 24 hr. They were supplied new
culture medium and incubated with various concentrations of the samples for
24 hr. After incubation, the medium was changed to 100 uL of MTT solution
for 2 h. Violet formazan was dissolved in DMSO for 15 min. The plates were
then measured at 595 nm with a microplate reader (Emax, Molecular Devices,

Sunnyvale, CA).

2.2.5.  Assay for nitrite inhibition effect

The inhibitory effect on nitrite concentration by RAW 264.7 cells was
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evaluated according to the Griess reagent. The cells were seeded in 24-well
plates with 1 x 10° cells/well and incubated for 24 hr. After that the medium
was replaced with the fresh medium containing various concentrations of
samples and then 2 hr later LPS of 1 pg/mL was added into each well. After
18 hr, NO production was determined by measuring the accumulation of
nitrite in the one hundred microliters of culture supernatant mixing with the
same volume of Griess reagent (1% sulfanilamide in 5% phosphoric acid and
0.1% naphthylethylenediamine dihydrochloride in distilled water). The
absorbance of the mixture was determined at 540 nm with a multiwell plate

reader.

2.2.6. NF-kB SEAP reporter gene assay

The NF-xB SEAP inhibitory activity was determined in LPS-stimulated
transfected-RAW 264.7 macrophages. The NF-kB-dependent reporter gene
transcription was analyzed by the SEAP assay in accordance with previously
described procedures [89]. 1x10° RAW 264.7 macrophages that were
transfected with pNF-kB-SEAP-NPT, which encodes four copies of the —xB
sequence and the SEAP gene as a reporter, were pre-incubated with different
concentrations of each tested compound or the vehicle for 2 h and were then
challenged with LPS (1 ug/mL) for an additional 16 h. TPCK (20 uM) was

used as the positive control for this experiment.
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2.2.7. Western blot analysis
Macrophage RAW 264.7 cells were seeded into 6 well plates at 1x10°

cells/well and incubated for 24 h at 37 °C under 5% CO>. The medium was
replaced with fresh medium. Cells were pre-treated with sample for 2 hr and
stimulated with LPS (1 pg/mL) for 18 hr. Cells were scrapped and washed
three times with D-PBS and were lysed in 80 uL of lysis buffer (10 mM Tris-
Cl, pH 7.4, 3 mM CaCl,, 2 mM MgCl,, 1% NP-40, 0.5 mM PMSF and
protease inhibitor cocktail). The lysate was centrifuged at 13,500xg for 30
min and the supernatant was collected. The protein concentration was
determined using the Bio-Rad Protein Assay Reagent (Bio-Rad, Hercules,
CA). Cytoplasmic extracts were electrophoresed and then transferred onto
PVDF membranes. After membrane was blocked by 5% skim milk for 1 h,
membrane was incubated with primary antibody for 2 h, and then washed
three times by TBST (a mixture of Tris-Buffered Saline and Tween 20) for 30
min. Membrane was further incubated with HRP-conjugated secondary
antibody for 1 h. After washed three times for 30 min by TBST, the blot was

developed for visualization by using the ECL Plus detection Kkit.

2.2.8.  Statistical analysis

Values were expressed as the mean + standard deviation (S.D.). The
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statistical significance of the differences between the study groups was
assessed by analysis of variance (ANOVA) followed by Student’s t-test (SPSS
version 10.0, Chicago, IL). The proportion of MTT, nitric oxide and NF-xB
were measured in triplicate for each treatment on three separate occasions.

Significance was assessed as p < 0.05 [*p < 0.05; **p < 0.01; ***p < 0.005].
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3. Results

3.1 Optimization of HS-SPME coupled to GC-
MS for the chemical composition analysis of chamomile

(Matricaria recutita L..)

3.1.1.  Extraction profile obtained with different sample amount for six
major compounds

Using different sample amounts of 0.5 g, 1.0 g and 1.5 g (dried
chamomile powder), the peak intensity and quality was detected with GC-MS.
For the six main components of chamomile, the extracted amount was greatest
with 0.5 g sample amount (Figure 14A). Therefore, 0.5 g was found out to be

the most optimal sample amount.

3.1.2.  Extraction profile obtained with different extraction time for six
major compounds

The extraction time of dried chamomile powders was set up at 15 min,
30 min and 45 min. For the six main components of chamomile, the extracted
time was greatest with 30 min. Therefore, the 30 min was found out to be the

most optimal extraction time (Figure 14B).
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3.1.3. Extraction profile obtained with different extraction
temperature for six major compounds

The extraction temperature of dried chamomile powders was set up at
40 °C, 80 °C and 100 °C. For the six main components of chamomile, the
extracted temperature was greatest with 100 °C. Therefore, the 100 °C was

found out to be the most optimal extraction temperature (Figure 14C).

3.1.4. Extraction profile obtained with different desorption time for six
active compounds

The sample (1.0 g) was extracted with HS-SPME at 100°C for 30
minutes and then was subjected to GC-MS analysis. Using different times of
desorption into the injector port, the peak profile was compared. When
desorption time was set at 1 min, 3 min and 5 min, the intensity of peaks for
six main components of chamomile was highest at 5 minute desorption time.

Therefore, 5 minute was selected for desorption time (Figure 14D).
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Figure 14. Extraction profile obtained with different analysis conditions

for six active compounds in dried chamomile.

In order to determine extraction conditions, it was changed to sample amount,
extraction time, extraction temperature and desorption time.

Selected extraction conditions: PDMS/DVB fiber, 0.5 g of dried chamomile
powder, extraction time: 30min, extraction temperature: 100°C, desorption
time: 5min; A - B-farnesene, B - spathulenol, C - caryophyllene oxide, D - a-

bisabolol oxide B, E - a-bisabolol, F - chamazulene
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3.1.5. SPME/GC-MS identification of chamomile volatiles and peak
area percentage

Based on the results described above, the sample of 0.5 g was extracted
at 100°C for 30 minutes and then was desorbed for 5 minutes on GC-MS
system. Out of the total known number of 105 essential oil components in
chamomile, 41 components were detected (Table 3). The component with the
highest content in the sample was a-bisabolol oxide B (21.01%), followed by
B-farnesene (17.89%) and a-bisabolol (9.04%). Chamazulene, which is a
characteristic component of chamomile, but exists in extremely small amount
and rarely detected in all chamomile plants, was detected and the content was

0.52% (MS quality: 97%).
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Table 3. Essential oil components extracted by HS-SPME from dried
chamomile at GC-MS

Retentiontime Peakarea MS quality

(min) (%) (%)
B-pinene 5.68 0.17 90
eucalyptol 7.39 0.21 89
artemisia ketone 8.39 2.94 86
clorius (Niobe oil) 9.49 0.42 87
4,8-dimethyl-nona-3,8-dien-2-one 15.24 0.96 93
decanoic acid, methyl ester 16.72 0.52 97
dodecamethyl cyclohexasiloxane 16.89 0.08 91
1,4,6-trimethyl-1,2-
17.46 0.36 95
dihydronaphthalene
eugenol 17.66 0.14 98
n-decanoic acid 18.51 2.26 95
y-elemene 19.07 0.21 30
caryophyllene 19.42 0.57 96
B-farnesene 20.75 17.89 46
a-longipinene 21.12 0.33 93
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Retention time Peak area MS quality
(min) (%) (%)
alloaromadendrene 21.30 0.23 91
y-muurolene 21.39 0.98 99
bicyclogermacrene 21.59 0.43 95
a-farnesene 21.78 0.29 93
B-bisabolene 21.82 0.29 98
muurolene 22.01 0.14 99
d-cadinene 22.26 0.43 97
2,4-dimethyl-qunoline 22.40 0.09 81
dihydroactinidiolide 22.46 0.11 95
cis-a-bisabolene 22.75 0.09 81
a-calacorene 22.82 0.07 93
trans-nerolidol 23.52 1.84 60
denderalasin 23.77 0.45 53
spathulenol 24.06 1.75 96
caryophyllene oxide 24.17 0.43 81
2-pinene 26.11 0.51 83
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Retention time Peak area MS quality
(min) (%) (%)
a-bisabolol oxide B 27.36 21.01 58
brevifolin 27.71 0.62 93
a-bisabolol 28.31 9.04 43
chamazulene 29.91 0.52 97
(-)-kaurenoic acid 33.31 0.11 83
hexahydrofarnesyl acetone 35.80 0.20 60
2-(2,4-hexadiynylidene)-1,6-
dioxas(:))i(:lo(zr:l))/nlor?—n;-ene 3620 159 %
palmitic acid, methyl ester 40.80 0.13 98
linolelaidic acid, methyl ester 47.98 0.06 99
linoleic acid, methyl ester 49.24 0.11 96
hexacosane 53.66 0.04 98
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3.1.6. Comparison of the different extract composition obtained by
SPME/GC-MS

Chamomile extracts of different solvents (water ex., ethanol ex.,
methanol ex. and hexane from methanol ex.) as well as the dried chamomile
sample were subjected to HS-SPME and the composition of essential oils was
analyzed by GC-MS. The data obtained with 100% water extract were
compared with those obtained with 100% methanol extract because the profile
of components extracted from 100% ethanol extract was same as that from
100% methanol extract (the comparison data are not included in this paper).
The amount of extracted essential oils was less from water extract than from
organic solvent extract. When compared to dried chamomile, both the water
and organic solvent extracts contained remarkably less essential oil
components in amount and in number of types and the MS quality was also
low. a-bisabolol oxide B, which was shown to be present with highest content
in chamomile, was detected in small amount and B-farnesene was not detected
at all. Trans-nerolidol, spathulenol and chamazulene, which are azulenes,
were not detected. The compound with highest content was herniarin and
other compounds that had not been identified in dried chamomile or organic
solvent extracts of chamomile such as cocoa hexenal and tetraglyme were
detected. These compounds might have not been identified in the organic

solvent extracts because the peak intensity was extremely low in the spectrum
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of the organic solvent extracts. Meanwhile, the organic solvent extracts were
shown to have high contents of a-bisabolol oxide B, B-farnesene and 2-(2,4-
hexadiynylidene)-1,6-dioxaspiro(4,4)non-3-ene, demonstrating the profiles
similar to the profile of dried chamomile sample. The hexane layer
fractionated from the methanol extract (containing large amounts of essential
oils) was subjected to SPME-GC-MS and was found to have very similar

volatile essential oils to those identified in the methanol extract (Table 4).
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Table 4. Essential oil components extracted by HS-SPME from water

extract, methanol extract and hexane layer from chamomile methanol

extract at GC-MS

Water Ex. Methanol Ex. Hexane layer
Component name MS quality MS quality MS quality
Area Area Area
(%) (%) (%)
artemisia ketone 0.11 50 - - - -
7-methyl-1-naphthol  1.49 86 1.44 93 1.44 93
B-farnesene - - 5.16 98 5.16 98
4-(2,6,6-
trimethylcyclohexa-  2.17 96 - - - -
1,3-di
cocoa hexenal 0.31 98 - - - -
tetraglyme 0.28 83 - - - -
(2E,4E)-5-chloro-
0.19 86 - - - -
3,4-dimethyl-2,4-
trans-nerolidol - - 0.64 90 0.64 90
spathulenol - - 1.59 97 - -
21.7
a-bisabolol oxide B 1.22 83 21.73 95 95
3
herniarin 10.11 96 0.90 98 0.90 98
chamazulene - - 0.97 97 0.97 97
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Water Ex. Methanol Ex. Hexane layer
Component name MS quality MS quality MS quality
Area Area Area
(%) (%) (%)
hexahydrofarnesyl
- - 0.50 91 0.50 91
acetone
2-(2,4-
hexadiynylidene)- 12.3
1,6- 3.71 87 12.38 90 90
dioxaspiro(4.4)non- 8
3-ene
palmitic acid,
- - 1.43 98 1.43 98
methyl ester
linolelaidic acid,
- - 0.71 99 0.71 99
methyl ester
11-octadecenoic
) 0.66 93
acid, methyl ester
n-hexadecanoic acid  1.01 98 - - - -
linoleic acid, methyl
- - 0.50 90 0.50 90
ester
octadecane - - - - 0.22 97
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3.2. Bioactivity-guided isolation of anti-inflammatory

active component from chamomile methanol extract

3.2.1. Inhibition of chamomile water, ethanol and methanol extract on
cell viability, LPS-induced NO production and NF-kB SEAP activity

A nitrite assay using Griess reagent was conducted to determine whether
the examined chamomile extracts produced an inhibitory effect on the
production of NO after 18 h of LPS induction. All the chamomile extract have
shown dose-dependent reductions in NO production. Macrophages RAW
264.7 harboring pNF-kB-SEAP-NPT construct [90], encoding four copies of
kB sequence and SEAP gene as a reporter, were pretreated with each
chamomile extract for 2 hr and stimulated with LPS (1 pg/mL) for 18 h. The
cell-free culture media were heated at 65 °C for 5 min, and reacted with an
assay buffer containing diethanolamine, MgCI2 and 4-methylumbelliferyl
phosphate in the dark at room temperature for 1 hr. The level of NF- B
activation in transfected RAW 264.7 cells was tested using fluorescence
method. All the chamomile extract also reduced LPS-stimulated NF-«xB
activation in a dose-dependent manner (Figure 15). Among them, the
methanol extract has shown most potent activity for the suppression of NO
production and NF-xB expression. The ICso of water, ethanol and methanol

extracts were 376.36 pug/mL, 139.90 ug/mL and 162.69 ug/mL for NO and
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371.20 pg/mL, 358.12 pg/mL and 214.34 ng/mL for NF-«B, respectively.
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Figure 15. Effect on NO and NF-xB inhibition of various extracts from

chamomile

Controls were excluded LPS or samples and were obtained from cells treated
with 0.5% DMSO only. 10 uM AMT and 10 uM TPCK were used as positive
controls for NO production and NF-kB expression, respectively. All of the
experiments were performed in triplicate, and the results are represented as
the mean z S.D. Significance was assessed as p < 0.05 [*p < 0.05; **p < 0.01;
***n < 0.005]. Statistical analyses between LPS and crude extracts were
performed using Student’s t-test. LPS: lipopolysaccharide, DMSO: Dimethyl
sulfoxide, AMT: 2-amino-5,6-dihydro-6-methyl-4H-1,-3-thiazine, TPCK: 2-

N-p-tosyl-L-phenylalanine chloromethyl ketone, NO: nitric oxide
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3.2.2. Inhibition of its liquid layers from chamomile methanol extract
on cell viability, LPS-induced NO production and NF-kB SEAP activity
After solvent fractionation of chamomile, the MH (hexane-soluble layer),
ME (ethyl acetate-soluble layer), MB (n-butanol-soluble layer) and MW
(water-soluble layer) were obtained from the methanol extract. The inhibitory
effects of four fractions from chamomile were compared on the production of
Nitric oxide and NF-xB. AMT for NO and TPCK for NF-kB were used as
a positive controls. As shown in Figure 16, ME significantly inhibited
LPS-induced NO production in a dose-dependent manner without

cytotoxicity.
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Figure 16. Effect on cell viability, NO production and NF-kB SEAP

activity of different fractions from chamomile methanol extract

Controls were excluded LPS or samples and were obtained from cells treated
with 0.5% DMSO only. 10 uyM AMT and 10 uM TPCK were used as positive
controls. All of the experiments were performed in triplicate, and the results
are represented as the mean + S.D. Significance was assessed as p < 0.05 [*p
< 0.05; **p < 0.01; ***p < 0.005]. Statistical analyses between LPS and crude

extracts were performed using Student’s t-test.
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3.2.3. Inhibition of fractions isolated by silica gel column
chromatography from chamomile EA extract on cell viability and LPS-
induced NO production and NF-kB SEAP activity

EA partition derived from methanol extract was further sub fractionated
into seven fractions through silica gel column chromatography. Four fractions,
which have lower polarity, have highly cytotoxicity and the 5" to 7" fractions
have no cytotoxicity. Four less polar fractions have shown high cytotoxicity
and 5" to 7" fractions have no cytotoxicity. Among these three fractions
shown no cytotoxicity, 5™ fraction was the most powerful anti-inflammatory
fraction inhibited the production of LPS-induced NO in a dose-dependent
manner without any cytotoxicity. The ICso of 5" fraction was 20.6 pg/mL

(Figure 17).
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Figure 17. Effect on cell viability and NO production of different

fractions from chamomile EA extract

Controls were excluded LPS or samples and were obtained from cells treated
with 0.5% DMSO only. 10 uM AMT was used as positive controls. All of the
experiments were performed in triplicate, and the results are represented as
the mean = S.D. Significance was assessed as p < 0.05 [*p < 0.05; **p < 0.01;
***n < 0.005]. Statistical analyses between LPS and crude extracts were
performed using Student’s t-test. MESi: Methanol extraction — Ethyl acetate

layer — Silica gel chromatography
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3.2.4. Inhibition of three enriched fractions isolated by Diaion HP-20
chromatography from 5™ fraction by silica gel chromatography on cell
viability and LPS-induced NO production

The 5™ fraction derived from EA extract by silica gel column
chromatography was isolated into five fractions through Diaion HP-20
column chromatography. Among those of five fractions, three component-
enriched fractions were identified as dicaffeoyl quinic acid (eluted with 50%
methanol, DCQ), apigenin-7-O-glucoside (eluted with 70% methanol, A7G)
and tetracoumaroyl thermospermine (eluted with 90% methanol, TCTS).
TCTS had the most potent inhibitory activity with an I1Cso value of 7.5 pg/mL.
ICso values of DCQ and A7G were 173.7 ug/mL and 75.3 pg/mL, respectively

(Figure 18).
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Figure 18. Effect on cell viability and NO production of different

fractions from chamomile EA extract

Controls were excluded LPS or samples and were obtained from cells treated
with 0.5% DMSO only. 10 uM AMT was used as positive controls. All of the
experiments were performed in triplicate, and the results are represented as
the mean = S.D. Significance was assessed as p < 0.05 [*p < 0.05; **p < 0.01;

***n < 0.005]. Statistical analyses between LPS and crude extracts were
performed using Student's t-test. DCQ: dicaffeoyl-quinic acid enriched

fraction, A7G: apigenin-7-O-glucoside  enriched fraction, TCTS:

tetracoumaroyl thermospermine enriched fraction
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3.2.5. Inhibition of three enriched fractions isolated by Diaion HP-20
chromatography from 5™ fraction by silica gel chromatography on the
protein levels of COX-1, COX-2, and iNOS in LPS stimulated RAW 264.7
macrophages

The protein expressions of iNOS, COX-1, and COX-2 were also
examined in LPS-stimulated RAW 264.7 cells that had been treated with one
of the three enriched fractions that were isolated from chamomile by diaion
HP-20 chromatography in Figure 19. The results from this assessment
demonstrated that A7G and TCTS enriched fractions diminished the protein
levels of both iINOS and COX-2. TCTS had the most potent inhibitory effect

on iNOS and COX-2.
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Figure 19. Effect of three enriched fractions from chamomile on the

protein levels of INOS, COX-1, and COX-2 in LPS-induced RAW 264.7

macrophages

The cells were treated with DCQ, A7G, and TCTS enriched fractions (1, 10

and 50 ug/mL) and LPS (1 ug/mL) for 20 hr. The expression levels of the

INOS, COX-1, COX-2, and B-actin were detected using specific antibodies. In

this experiment, 10 uM TPCK was used as positive control. All of the
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experiments were performed in triplicate. DCQ: Dicaffeoyl-quinic acid
enriched fraction, A7G: Apigenin-7-O-glucoside enriched fraction, TCTS:

tetracoumaroyl thermospermine enriched fraction
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3.2.6. Inhibition of tetra-coumaroyl thermospermine enriched
fractions on the protein levels of ERK, Akt, and STAT3 in LPS stimulated
RAW 264.7 macrophages

In order to figure out the reason for the inhibitory activity of NO
production, NF-xB activation and the expressions of iINOS and COX-2
protein, signaling pathway was checked using Western blot analysis. Upon
LPS challenge, the protein expression levels of ERK, Akt, and STAT3 are
dramatically decreased at 50 pg/mL of TCTS due to their phosphorylation, in
particular, TCTS dose dependently inhibited phosphorylation of STAT3

signals.
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Figure 20. Effect of TCTS on the ERK, Akt, and STAT3 pathways

The levels of phosphorylated ERK, Akt, and STAT3 proteins in total protein
extracts were determined by Western blot analysis using specific antibodies.
In this experiment, 10 uM TPCK was used as positive control. All of the

experiments were performed in triplicate. TCTS: tetracoumaroyl

thermospermine enriched fraction
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4. Discussion

Chamomile is known to possess anti-inflammatory and anti-oxidant
effects. In the present study, water, ethanol and methanol extracts of dried
chamomile were each assayed for anti-inflammatory activity. The assay
showed a dose-dependent inhibition in all of the extracts and a higher
inhibition in the organic solvent extracts than in the water extract. Methanol is
less polar than water and therefore the methanol extract contains more
essential oils than the water extract. Therefore, the chemical component
analysis was performed with the methanol extract of chamomile to identify
essential oil components contained in the methanol extract of chamomile.

The HS-SPME was selected as an extraction method because it allows
the extraction of trace amount of essential oil components in chamomile, but
the most optimal conditions for the extraction of chamomile samples to be
used in the study needed to be established. In order to find out the optimal
conditions for detecting major essential oil components of chamomile, i.e., B-
farnesene, spathulenol, caryophyllene oxide, a-bisabolol oxide B, a-bisabolol
and chamazulene, the chamomile samples were analyzed using different
conditions of sample amount, extraction time, extraction temperature and
desorption time on GC-MS. The most optimal condition for extraction was
found to be 0.5 mg of sample amount, 30 minutes of extraction time, 100°C of

extraction temperature and 5 minutes of desorption time. Using the most
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optimal condition identified, 41 out of the total known number of 105
essential oil components in chamomile including major components could be
identified in the dried chamomile sample. The same conditions as above for
HS-SPME coupled to GC-MS were used to identify essential oil components
contained in 100% water extract of chamomile, 100% methanol extract of
chamomile and hexane layer from the methanol extract of chamomile,
respectively. The GC-MS profiles showed that the water extract contained
remarkably less essential oil components both in amount and in number of
types than the organic solvent extracts and the MS quality of the water extract
was also low. The water extract of chamomile was shown to contain small
amount of a-bisabolol oxide B, which was present with high content in dried
chamomile, but major active components such as B-farnesene, trans-nerolidol,
spathulenol and chamazulene were not identified. The compound with highest
content was herniarin and other compounds that had not been identified in
dried chamomile or organic solvent extracts of chamomile such as cocoa
hexenal and tetraglyme were detected. These compounds might have not been
identified in the organic solvent extracts because the peak intensity was
extremely low in the gas chromatogram of the organic solvent extracts.
Meanwhile, the organic solvent extracts were shown to have large amounts of
a-bisabolol oxide B and 2-(2,4-Hexadiynylidene)-1,6-dioxaspiro(4,4)non-3-

ene, demonstrating the profiles similar to that of non-extracted dried
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chamomile sample. The compounds identified in the hexane layer fractionated
from the methanol extract (the liquid layer containing large amounts of
essential oils) were found to be very similar to the volatile essential oils
identified in the methanol extract. Based on the identification of essential oil
components, the organic solvent extracts containing large amounts of essential
oil components are thought to have a higher anti-inflammatory effect.
Therefore, the methanol extract of chamomile was analyzed to identify anti-
inflammatory compounds. Fractionation using liquid-liquid separation was
performed to identify non-volatile active compounds as well. The methanol

extract of chamomile was fractionated into hexane, EA, BUOH, and water

layers.

The less polar hexane and EA-soluble layers were shown, as expected, to
have higher inhibitory effects on NO generation and NF-kB expression, but
the hexane layer was also found to have toxicity. Therefore, the EA layer
containing large amount of flavonoids was selected for further separation. The
EA layer was separated into seven fractions by silica gel column
chromatography. Of those seven fractions, 2 and 5™ fractions were found to
have ICso values of 5.34 pg/mL and 20.60 pg/mL, respectively. The 2™
fraction was ruled out because of its extremely high toxicity and the 5%
fraction with no toxicity and high yield was selected to be further separated.

In the next step, the 5™ fraction was separated into a total of 5 fractions using
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Diaion HP-20 column chromatography. From those fractions, three main
components - dicaffeoyl quinic acids enriched (50% MeOH, DCQ), apigenin
7-O-glucoside derivatives enriched (70% MeOH, A7G) and tetracoumaroyl
thermospermine enriched (90% MeOH, TCTS) — were identified, among
which TCTS was shown to have the highest NO inhibition effect. Within the
range of concentrations at which no toxicity was observed, TCTS was assayed
for the iINOS, COX-1, and COX-2 expressions of proteins associated with
inflammation using Western blot analysis. TCTS was shown to have higher
inhibitory effects on the expression of iNOS and COX-2 proteins compared to
DCQ and A7G. The selective inhibition effect on COX-2 has previously been
reported with chamomile [91], but the active compound was not identified. In
this study, it was also found that the COX-2 inhibition of TCTS was exerted
via ERK/AKkt and STAT3 pathway.

Chamomile is known to have anti-inflammatory, anti-cancer and sedative
effects [92, 93]. The studies to identify anti-cancer components of chamomile
have already been conducted, but no studies to separate and identify anti-
inflammatory components of chamomile have yet been undertaken. Therefore,
this study also included the bioactivity-guided isolation for the identification
of essential oil components or other active compounds responsible for
chamomile’s anti-inflammatory effect. The result showed that the dried

chamomile contained large amounts of anti-inflammatory compounds such as
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a-bisabolol oxide B, p-farnesene and a-bisabolol. The higher anti-
inflammatory effect shown in the methanol extract than in the water extract
was deemed to be due to the greater amount of essential oil components
contained in the methanol extract. The bioactivity-guided isolation performed
to explore non-volatile active components showed that TCTS is mainly
responsible for the anti-inflammatory effect of chamomile with COX-2

inhibition via ERK/Akt and STAT3 pathway.
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