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New sesquiterpenes tanacetolide A-C (1-3) were isolated from a Tanacetum sinaicum extract together with known
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compounds (4-10). Structures were elucidated on the basis of MS and NMR spectroscopic data. All compounds were

evaluated for the inhibition of inducible nitric oxide (NO) production in a mouse peritoneal macrophage system. Iso-seco-

tanapartholide-3-O-methyl ether (4) produced potent inhibition of NO production (ICso =

1.0 xM). At the protein

expression level, 4 elicited concentration-dependant down-regulation of inducible nitric oxide synthase.

Introduction

Sesquiterpene lactones and flavonoids, in addition to
functioning as taxonomic traits for plant systematists in the
genus Tanacet’um,l'2 can also function as anti-inflammatory
agents. The genus Tanacetum comprises approximately 150
species located throughout Europe and Asia from the
Mediterranean to Iran with many plants in the genus having
been investigated for their traditional uses in medicine.>*
Tanacetum sinaicum is indigenous to the Middle East and for
this study was collected from Saint Katherine Protectorate, a
sheltered area in the Sinai (Egypt) due to wildlife diversity and
ecosystem complexity. Traditional uses for T. sinaicum (also
known as T. santolinoides, Santolina sinaica or Pyrethrum
santo/inoides)s include treatment of fevers, migraines,
stomach ailments, bronchitis and arthritis.>* The scope of this
phytochemical investigation
metabolites containing anti-inflammatory activity and examine

is to chemically characterize

their mode of action.

Chronic inflammatory diseases such as rheumatoid arthritis
and asthma are associated with upregulation of nitric oxide
(NO).6 While NO plays important
homeostasis, it also has been implicated
conditions including inflammation. NO is produced by nitric
oxide synthase (NOS) as a by-product during the reaction
converting l-arginine to I-citrulline.” Constitutive forms include
endothelial (eNOS) and neuronal (nNOS) isoforms that are

an role in tissue

in pathological
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expressed in vascular endothelial and nervous system cells,
respectively. While these forms rapidly generate small
amounts of NO to mediate homeostatic regulations such as
vasodilation and platelet fluidity, an inducible isoform, iINOS
produces relatively high NO levels in response to pathogen
infection; with defense responses, NO emissions result in
localized cell death. iNOS expression is activated by at least
three signaling pathways including the mitogen protein kinase
family (MAPKs) that phosphorylates the transcription factors
p38, ERK and JNK, the nuclear factor NF-kB and signal
transducers and activators of transcription (STATl).s'11

Since iNOS can exacerbate inflammatory diseases, it is currently
considered a good target for the alleviation or treatment of chronic
inflammation.’® Herein is reported the extraction, isolation and
structure elucidation of natural products from T. sinaicum as well as
biological activity as anti-inflammatory agents using a NO
production assay.

Results and discussion

Chromatographic fractionation and purification of an organic
extract of T. sinaicum afforded three new metabolites in addition to
known compounds iso-seco-tanapartholide-3-O-methyl ether (@),*
11,13-dihydroridentin (5),° 1a,3-8-dihydroxy-7-a,11-8-H-germacra-
47,10(14)-dien-12,6-a-olide (6),** arsanin (7)," 1-a,3-6-dihydroxy-7-
a,11-8-H-germacra-4Z,9Z-dien-12,6a-olide (8),16 ketopelenolide B
(9)14 and 3-8-hydroxy-11(aH),13-dihydrocostunolide (10)17 (Fig. 1).

Compound 1 was obtained as colorless oil with an optical
rotation of [a]3® +55.6 in MeOH. HRFABMS analysis showed a
molecular ion peak at m/z 267.1590 [M-OOH]" (calcd. for C;5H,30,,
267.1596), corresponding to the molecular formula of C;5H,,0¢. The
IR spectrum showed characteristic bands at 3450 cm™? (OH) and
1695 cm™ (CO). *H-NMR showed methyl signals at &, 0.94 (s), 1.19
(d, J = 6.8), and 1.39 (s), three oxygenated methine signals at &4
3.12 (brs), 3.69 (J = 5.5, 10.4) and an additional downfield signal at
64 3.95 (t, J = 11.0) (Table 1). >C NMR and DEPT established the
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Figure 1. Isolated compounds from Tanacetum sinaicum.

presence of three methyl groups at 6. 12.6, 21.3, and 25.5, four
oxygenated signals at 6. 57.6, 61.1, 64.2, and 81.0, three
methylenes at 6. 22.6, 31.7, and 33.9, three methines at 6. 41.2,
50.4 and 51.2, and one carbonyl at 6. 179.6 (Table 1). The most
oxygenated down-field carbon signal indicated the presence of a

hydroperoxyl functionality confirmed by HRFABMS.'® From these
data, four degrees of unsaturation were deduced suggesting a
bicyclic sesquiterpene skeleton. Based on spectral correlations with
previously identified 7" the multiplet signal at &, 2.23 that
correlated with methyl at 6y 1.19 (3H, d, J = 6.8, H-13) and a
methine at 6y 1.56 (m, H-7) in DQF-COSY as well as 6; 179.6 (C=0,
C-12), 12.6 (g, C-13), 51.2 (d, C-7) and 81.0 (d, C-6) in HMBC
allowing for the assignment of the multiplet signal to H-11. Based
on HRFABMS and the carbon chemical shift (Table 1) the carbonyl
at C-12 was assigned as a carboxylic acid group. Using H-7 as a
starting point, DQF-COSY correlations allowed for assignments of
6y 3.95 (t, J = 11.0, H-6), 1.71 (brd, J = 13.0, H-8a) /1.29 (brq, J =
12.4, H-8b) and in turn 1.04 (td, J = 14.4, 4.7, H-9a)/2.23 (m, H-9b)
was identified from H-8. H-6 correlated with 6, 1.80 (d, J = 11.7, H-
5) and &8¢ 22.6 (C-9), 38.9 (C-10), 50.4 (C-5), 51.2 (C-7), and 57.6 (C-
4), in 'H-'H coSY and HMBC analyses, respectively (Fig. 2). The
downfield C-6 chemical shift was diagnostic for a hydroperoxyl
functionality. HMBC correlation of H-5 with oxygenated signals at 6
57.6, 61.1, 64.2, and 81.0 and aliphatic signals at 6. 38.9, and 33.9
allowed for the assignment of C-4, C-3, C-1, C-6, C-10, and C-9,
respectively (Fig. 2). The upfield oxygenated C-3/C-4 chemical shifts
were diagnostic for an epoxide functionality that was also
consistent with HRFABMS data. HMBC correlations of 6, 1.39 with
C-3, C-4 and C-5 allowed for the methyl assignment of H;-15.
HMQC correlations with C-1 and C-3 established &, 3.69 (dd, H-1)
and 3.12 (brs, H-3), respectively. The upfield signal at §; 64.2 was
indicative of a hydroxyl functionality at C-1. DQF-COSY correlations
were observed between H-1 and H-3 with 6, 1.79 (t, J = 13.1, H-2b)
/2.40 (brdd, J = 14.4, 5.5, H-2a).

Table 1. NMR spectroscopic data for 1-3 with J in Hz (1H NMR 600 MHz and **C 150 MHz, 8-ppm, CDCl3).

No 1 3
3 3¢ 3y 3¢ 3y 3¢
1 3.69dd (10.4, 5.5) 64.2d 2.08 m* 359t 1.75m 309t
233m* 1.97m
2 1.79t(13.1) 317t 3.96d (5.5) 67.1d 4.081t(4.8) 67.2d
2.40 br dd (14.4, 5.5)
3 3.12brs 61.1d - 135.0s -- 141.7s
4 - 57.6s 5.49 brs 123.3d 5.35s 129.0d
5 1.80d (11.7) 50.4d 2.36 m* 40.6 d -- 84.2s
6 3.95t(11.0) 81.0d 1.94tt(11.7,2.7) 439d 1.95m 46.7 d
7 1.56m 51.2d 1.27m 26.5t 1.47m 22.3d
1.50 m 1.75m
8 1.29 brq(12.4) 226t 2.10m 326t 1.24m 255t
1.71 br d (13.0) 2.40m 1.62m
9 1.04td (14.4,4.7) 339t - 148.0s 1.95m 29.0t
2.23m -
10 - 38.9s - 86.0s 2.08 m 385d
11 2.23m 41.2d 2.85m 39.9d 2.54m 40.8d
12 - 179.6s - 181.3s -- 179.5s
13 1.19d (6.8) 12.6q 1.10d(7.5) 9.6q 1.05d(7.5) 15.6qg
14 0.94s 213¢q 4.95 brs 109.6 t 0.93d(7.0) 17.5q
5.28 brs
15 1.39s 25.5¢q 1.85s 20.8q 1.83s 20.5¢qg
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Figure 2. Selected 'H-'H cosy (=) & HMBC (=») correlations of 1-3.

HMBC correlations between H-1 and 6. 21.3 allowing the

assignment of H-14. Full NMR spectroscopic data assignments of 1
IT:hlac 1) were consistant with DQF-COSY, HMQC and HMRBC dat

ables 1) e consistar COSY, HMQC ar VIBC
(Fig. 2). The relative stereochemistry assignment of H-7 to an a-
configuration was based on biogenetic precedent and was
consistent with previously reported NMR chemical shifts for similar
sesquiterpene lactones.***® Relative stereochemistry at C-6 was
based on a large coupling constant between H-7 and H-6 (11.0 Hz)
indicating a trans configuration and the two protons in a ¢, 8-trans-
orientation. NOESY correlations between H-7, H-8a and H-5
3) and a

these proton (Fig.

indicated an qrnnflmlratl@n for
correlation between H-5 and H-1 indicated an a-configuration of H-
1 and a B-orientation for the hydroxyl. Correlations between H-
66/H;-14 and H;-14/H;-15 indicated a B-orientation for H;-14 and
Hs;-15 and an a-configuration for the epoxy group at C-3/C-4.
Therefore the structure of 1 was assigned as 16-
hydroxy,11methyl,3a,4a-epoxy-6a-hydroperoxy-eudesman-13-oic
acid (tanacetolide A).

Figure 3. NOESY correlations for 1-3.

This journal is © The Royal Society of Chemistry 20xx

Compound 2 was isolated as a colorless oil with an optical
rotation of [@]3’ -31.2 in MeOH. HRFABMS analysisshowed a
molecular ion peak at m/z 289.1425 [M+Na]" (calcd. for C;sH,,0,4Na,
289.1416), corresponding to the molecular formula C;5H,404. The IR
spectrum showed bands at 3450 em? (OH), 1695 em™ (CO) and
3230 ecm™ (C=CH). In accordance with the molecular formula, 15
signals were resolved in the B3¢ NMR spectrum (Table 1) and were
further classified by DEPT to 2 methyls, 4 methylenes (1 olefinic), 5
methines (1 oxygenated, 1 olefinic), and 4 quaternary carbons (1
oxygenated, 1 keto and 2 olefinic). The H NMR spectrum showed
the appearance of two methyl groups at 1.85 (s) and 1.10 (d, J =
7.5), an oxygenated signal at &, 3.96 (d, J = 5.5) and broad singlets
for exomethylene protons at &, 4.95 and 5.28 (Table 1). Five
degrees of unsaturation were deduced, suggesting a bicyclic
sesquiterpene skeleton. Two-dimensional COSY, HMQC and HMBC
analyses (Fig. 2) and comparisons with published analogues
indicated a 6/6 bicyclic cadinane-type sesquiterpene.19 The
appearance of a downfield signal at 6. 86.0 indicated an
oxygenated functionality located in the fused ring system and &y
4.95 (bis) and 5.28 {bis) indicated an exomethy!
Based on similar cadinane-type sesquiterpene structures, a
charactistic olefinic H-4 was identified at 6, 5.28 (brs)19 and using
this as a point of reference, 84 2.36 (m), 6 135.0 (s), 20.8 (s), 43.9
(d), 67.1(d) and 86.0 (s) were identified as H-5, C-3, C-14, C-6, C-2,
and C-10 respectively, by DQF-COSY and HMBC analyses (Fig. 2). °C
NMR and DEPT analysis indicated that C-3 (6. 135.0) is a
quarternary olefinic which was expected since an endocyclic double

hand hatirnan loe Ve,
OoNG o&uween Lo/u4a

netiona

ene ILjIILLiUIIdIILy

nnnnnnnnnnnn

cadinane- Lypc

often g
oiten is

present
sesquiterpenes.lg’m The H-2 chemical shift established a hydroxyl at
c-2"% and DQF-COSY allowed for the assignment of Hy-1 (&4
2.33/2.08, m). DQF-COSY analysis starting with H-5 also allowed for
the assignment of H-6, H,-7 and H,-8. HMBC olefinic protons at &,
4.95 (brs) and 5.28 (brs) correlated with C-9 (6. 148.0), C-8 (6. 32.6)
and C-10 (&6¢ 86) indicating the location of the exomethylene double
bond at C-9 and proton signal assignment to H,-14. The downfiled
oxygenated carbon at 6. 86.0 indicated a hydroxyl location being

it
With

part of the quarternary fused-ring system that was assigned to C-
10.' The relative stereochemistry assignment for H-6 to an a-
configuration was based on biogenetic precedent and was
consistent with previously reported NMR chemical shift data for
similar cadinane-type sesquiterpenes.19 H-6 NOESY correlations
with &y 1.50 (m, H-7a) and 2.33 (m, H-1a) as well as between H-1a
and H-2 indicated these protons to be on the same face in an a-
configuration (Fig. 3). Additionally, H-5 correlated with &, 1.27 (m,
H-7b) and 2.08 (m, H-1b) establishing that H-5 is on the opposite 8-
face. The B-orientation of the hydroxyl group at C-10 was assigned
based on carbon shift data.’>* Therefore 2 was assigned to 26,108-
dihydroxycadin-3,9(14)-dien-12-oic acid (tanacetolide B)

Compound 3 was isolated as a colorless oil with an optical
rotation of [a]%’ -41.6 in MeOH. HRFABMS analysis showed a
molecular ion peak at m/z 291.1568 [M+Na]" (calcd. for C;sH,,0,4Na,
291.1572), corresponding to a molecular formula of Ci5Hy,0,. IR
bands were observed at 3450 cm™ (OH),1695 cm™ (CO) and 3230

i (C=CH). Spectroscopic data were similar to 2 except the
appearance of additional doublet for a methyl group at 6, 0.93 (3H,
J =7.0) and the disappearance of exomethylene protons, suggesting

RSC Adv., 2015, 00, 1-3 | 3
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a substitution of the exomethylene group in 2 with a secondary
methyl in 3; this methyl substitution was confirmed by DEPT
analysis. A correlation of 6, 0.93 (3H, J = 7.0, H-14) with & 38.5 (d)
allowed for the assignment of H-10; a correlation of H-11 (1H, &y
2.54, m) with a downfiled quaternary oxygenated carbon signal at
6¢ 84.2 confirmed the position of the hydroxyl group at C-5. H-'H
COSY, HSQC and HMBC spectroscopic data established the detailed
structure. Compound 3 exhibited the same relative stereochemistry
as 2 at C-2 and C-6. A NOESY correlation between H-2 and H-10/H-
14 indicated that these protons are on the same a-face and that H-
9 is on the opposite 8-face (Fig. 3). The 8-orientation of the hydroxyl
group at C-5 was assigned based on carbon shift data.” Therefore 3
was assigned to (26,56-dihydroxycadin-3-en-12-oic  acid)
(tanacetolide C).

To determine the inhibitory effect of the isolated compounds
(1-10) in blocking NO production, an in vitro murine macrophage
assay was performed using RAW264.7 cells. In these cells,
lipopolysaccharide (LPS) alone induces iNOS transcription and
protein expression as well as downstream NO production. This cell-
based assay is used for drug screening of NO production inhibitors
mediated by iNOS. Compound 4 inhibited NO production with an
IC5 1.0 uM which was even lower than the commercially available
gold standard for NO inhibition, Caffeic acid phenethyl ester (CAPE)
(Supplimentry Table 1). Compound 1 exhibited intermediate
inhibition with an 1Csq of 15.7 uM, while other assayed compounds
shown ICsy’s greater than 30 uM. To further investigate the
mechanism of NO inhibition, iNOS protein expression was
monitored in LPS-activated cells and lower iNOS protein levels were
observed when cells were incubated with 4 (Fig. 4A). Since iNOS is
MAPK regulated, protein levels for select MAPK protein
components were examined. While LPS increased protein
abundance for P-JNK, JNK, P-p38, P38, P-ERK and ERK, addition of 4
exhibited no change in protein abundance except at the highest 30
UM amount where protein levels for P-JNK, JNK, p38 and P-ERK
were visually reduced (Fig. 4B). In contrast, p-IkBa protein levels
that are induced with LPS are also inhibited by 4 in a dose-
dependent manner (Fig. 4C). While 4 had no effect on protein
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Figure 4. Western blot analysis of iNOS expression with and without
the lipopolysaccharide activator (LPS) and with increasing amounts
of 4 (0-30 uM) (A). Induction of signal transduction components
including MAPK signaling (B), NF-kB (C) and STAT 1 (D) with 4 (0-30
UM). Cells were treated and cell lysates were prepared as described
in the experimental section.
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Figure 5. Inducible nitric oxide synthetase (iNOS) signaling pathway
activated by lipopolysaccharide (LPS) binding the toll-like receptor 4
(TLR4) and transduced via mitogen-activated protein kinases MAPKs
(ERK, p38 and JNK), the nuclear factor NFkB as well as a Janus
tyrosine kinase (JAK) and signal transducers and activators of
transcription (STATs). Other shown protein components that
participate in iNOS signaling and are shown include: ERK
(extracellular-regulated kinase), JNK (NH,-terminal kinase), AP-1
(activating protein-1), MyD88 (myeloid differentiation primary
response gene 88), IKK (IkB kinase) and ikB (NFkB inhibitor protein).
Solid lines represent signaling connections for LPS-induced NO
production. Treatment of RAW264.7 cells with 4 supresses NFkB
abundance in the nucleus (shown as a dashed line) thereby
attenuating NFkB-mediated iNOS protein expression
downstream NO production.

and

abundance for STAT1a, NF-kB translocation to the nucleus was
inhibited (Fig. 4D), introducing the possibility that NF-kB inhibition
may be a driver for iNOS protein expression. A model summarizing
how 4 regulates NO production based on Western blot analysis is
proposed (Fig. 5). A colorimetric assay using MTT for cytotoxicity
indicated that 4 will need to be chemically modified before further
studies to reduce cell toxicity levels (ICso = 4.3 uM) (Suppl Fig. 1).

Experimental
General experimental procedures

Specific rotation was measured with a Horiba SEPA-300 digital
polarimeter (/=5 cm) and IR spectra were collected on a Shimadzu
FTIR-8100 spectrometer. For FAB-MS and HR-FAB-MS, a JEOL JMS-
GCMATE mass spectrometer was used and 'y (600 MHz) and B3¢
(150 MHz) NMR spectra were recorded on a JEOL JNM-ECA 600
spectrometer with tetramethylsilane as an internal standard.
Purification was run on a Shimadzu HPLC system equipped with a
RID-10A refractive index detector and compound separation was
performed on YMC-Pack ODS-A (250 x 4.6 mm i.d.) and (250 x 20
mm i.d.) columns for analytical and preparative separation,
respectively.

Chromatography separation included normal-phase silica BW-
200 (Fuji Silysia Chemical, Ltd., 150-350 mesh) and ODS reverse
phase Chromatorex DM1020T (Fuji Silysia Chemical, Ltd., 100-200
mesh) columns as well as silica gel 60¢,5, (Merck, 0.25 mm) and RP-

This journal is © The Royal Society of Chemistry 20xx
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18 WF,s45 (Merck, 0.25 mm) TLC plates with spots developed with
heating of H,SO,-MeOH (1:9) sprayed plates.

Plant Material

T. sinaicum (Fresen.) Delile ex was collected in June 2014 from
North Sinia, Egypt and a voucher specimen SK-120 has been
deposited in the herbarium of St. Katherine protectorate, Egypt.

Extraction and Isolation

Aerial parts (2.0 kg) were powdered and extracted with CH,Cl,-
MeOH (1:1) at room temperature. The extract was concentrated in
vacuo to obtain a residue of 160 g. The residue was fractionated on
a silica gel column (6 x 120 cm) eluting with n-hexane (3 L) followed
by a gradient of n-hexane-CHCl; up to 100 % CHCl; and CHCl;-MeOH
up to 50 % MeOH (3 L of each solvent mixture). The n-hexane-CHCl;
(1:1) fraction was chromatographed on a Sephadex LH-20 column (3
x 90 cm) eluted with n-hexane-methylene chloride-methanol
(7:4:0.25). Collected sub-fractions were re-chromatographed by RP
HPLC using MeOH/H,0 (85-15%) to afford 2 (5 mg) and 9 (30 mg).
The n-hexane-CHCl; (1:2) fraction was chromatographed on a
Sephadex LH-20 column (3 x 90 cm) eluted with n-hexane-
methylene chloride-methanol (7:4:0.25). Collected sub-fractions
were further purified by RP HPLC using MeOH/H,0 (75-25%) to
afford 3 (6 mg), and 10 (22 mg). The CHCl; (100%) fraction was
chromatographed on a Sephadex LH-20 column (3 x 90 cm) eluted
with n-hexane-methylene chloride-methanol (7:4:0.5). Collected
sub-fractions were further purified by RP HPLC using MeOH/H,0
(65-35%) to afford 1 (15 mg), 4 (5 mg) and 7 (30 mg). The
CHCl5:MeOH (95:5) fraction was chromatographed on an ODS silica
gel column (3 x 90 cm) eluted with MeOH:H,0 (70:30). Collected
sub-fractions was further purified by RP HPLC using MeOH/H,0 (55-
45%) to afford 5 (18 mg), 6 (17 mg) and 8 (15 mg).

Tanacetolide A (1) (1B-hydroxy,11methyl,3a,4a-epoxy-6a-
hydroperoxy-eudesman-13-oic acid) Colorless oil [a]]235= +55.6 (c
0.01, MeOH); for 'H- (CDCl;, 600 MHz) and *3C- (CDCls, 150
MHz) NMR, see Table 1. FABMS m/z 267 [M-OOH]*, HRFABMS
m/z 267.1590 (calcd. for CysHp304: 267.1596); IR (Viax €M) =
3450, 1695 cm ™.

Tanacetolide B (2) (2B,10B-dihydroxycadin-3,9(14)-dien-12-oic
acid) Colorless oil [a]3°= -31.2 (c 0.01, MeOH); for *H- (CDCl,,
600 MHz) and “3C- (CDCl;, 150 MHz) NMR, see Table 1. FABMS
m/z 289 [M+Na]’, HRFABMS m/z 289.1425 (calcd for
Ci5Hp00sNa: 289.1416); IR (Vmax €M) = 3450, 3230, 1695 cm™.

Tanacetolide C (3) (2B,5B-dihydroxycadin-3-en-12-oic acid)
Colorless oil [a]2°= -41.6 (c 0.01, MeOH); for *H- (CDCls, 600
MHz) and *3C- (CDCl5, 150 MHz) NMR, see Table 1. FABMS m/z
291 [M+Na]*, HRFABMS m/z 291.1568 (calcd for C;sH,0OsNa:
291.1572); IR ( Vmax €M) = 3450, 3230, 1695 cm ™.

Bioassay Protocol

Murine macrophage cells (RAW264.7, ATCC No. TIB-71) were
obtained from Dainippon Pharmaceutical, Osaka, Japan and
cultured in Dulbecco’s modified Eagle’s medium (DMEM, high

This journal is © The Royal Society of Chemistry 20xx

glucose) supplemented with 5% fetal calf serum, penicillin (100
U/ml) and streptomycin (100 ug/ml) (Sigma Chemical Co., St.
Louis, MO, USA). The cells were incubated at 37 °C in 5%
CO,/air.

NO Determination

For NO screening, cells were assayed as described previously (Sae-
Wong et al.,, 2011). Briefly, cells were cultured in Dulbecco's
Modified Eagle's Medium (DMEM), and cell suspensions were
seeded into 96-well microplates at 2.5x10° cells/100 pl/well. After
6 h, non-adherent cells were removed by washing with phosphate
buffered saline (PBS) and adherent cells were cultured for 10 min in
100 ul of fresh medium containing one of the test compounds; LPS
(10 ug/ml) isolated from E. coli (055: B5, Sigma) was used as to
activate NO production. NO emissions was based on amount of
nitrite consumed in the medium. Nitrite concentration was
determined by a Griess reaction using a supernatant aliquot.
Inhibition (%) was based on the formula shown and the I1C5, was
determined graphically (n=4). Inhibition (%) = [(A-B)/(A—C)]x100
A-C: nitrite concentration (ug/ml); A: LPS (+), sample (-); B: LPS (+),
sample (+); C: LPS (-), sample (-).

SDS-PAGE and Western Blot Analysis

For iNOS detection, cells (5.0><1O6 cells/2ml/well) were seeded into
a 6-well multiplate and allowed to adhere for 6 h at 37 C in a
humidified atmosphere containing 5% COZ.23 Cells were then
washed with PBS and diluted with DMEM (1 ml) containing
individual test compounds. After incubation (10 min), DMEM (1 mL)
containing LPS (10 ug/ml) was added and incubated for 30 min or
12 hrs. The adhered cells were collected using a cell scraper in a
lysis buffer [8.4 ml of distilled water, 100 ul of protease inhibitor
cocktail (Thermo Scientific)) 100 pl of 22% triton X-100,
phosphatase inhibitor cocktail (PhosSTP, Roche), and 1 ml of a
sample buffer (0.877 g NaCl, 0.121 g Tris, 0.612g B8-glycerophate,
0.076 g EGTA, and 100 ml H,0, pH 7.4)]. Cells were then disrupted
three times (MicrosonwI ultrasonic cell disruptor, USA) for 30 s and
centrifuged at 10,000 rpm for 10 min. Cell lysates protein
concentrations were determined using a BCA™ protein assay kit.
For protein sample preparation, 100 ul of supernatant was
transferred to 100 ul of a dissolving agent (0.3423 g EGTA, 6 g SDS,
3.634 g Tris, 100 ml H,0, 8 ml glycerol and 0.03 g bromophenol
blue) and samples were heated in boiling water for 5 min. After
cooling, samples were kept at -80°C until analysis.

The nuclear protein fraction was extracted for 30 min after LPS
stimulation using a nuclear and cytoplasmic extraction reagent
(Thermo Scientific), according to the manufacturer’s instructions.
The nuclear protein solution was concentrated using centrifugal
filter units (Millipore Co., Ltd.) and protein separted by
electrophoresis. Equivalent protein amounts (50 ug of protein/lane
for iNOS and B-actin, 25 ug of protein/lane for proteins assayed)
were run in 10% SDS—polyacrylamide gels (Bio-Rad ready gel J) and
transferred onto polyvinylidene difluoride (PVDF) membranes
(BioRad, NC, USA). The membrane was then soaked in tris-buffered
saline containing 0.1% Tween 20 (T-TBS) with gentle shaking for 10
min (3X). For the blocking of the nonspecific sites, the membrane
was soaked in blocking one-P (for phosphorylated proteins: p-
ERK1/2, p-JNK, p-p38, p-STAT1, p-kB; Nacalai Tesque, Japan) or
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blocking one (for others: iINOS, ERK1/2, INK, p38, NFkB, IkB and B-
actin) by shaking for 0.5 h. The membrane was rinsed with T-TBS
and incubated with specific primary antibodies: p-ERK1/2, ERK1/2,
INK1/2, p38, p-p38, NFkB p65, STAT1a, p-STAT1la (Ser), p-STAT1la
(Tyro), p-1kB, iNOS and B-actin (1:1000, Cell Signaling Technology).
After incubation for 1 hr at rt, the membrane was rinsed in T-TBS,
and incubated secondary antibodies (HRP-conjugated goat anti-
1gG, 1:5000) immune-reaction
enhancer solution (Can Get Signal, Toyobo, Japan) for 1 hr. The
membrane was then shaken in T-TBS at 75 rpm for 10 min (3X).
Proteins were detected using an enhanced chemiluminescence
(ECL) plus Western blotting detection system (AmershamwI GE
Healthcare, Biosciences). Membrane images were recorded using a

mouse and anti-rabbit in an

luminescent image analyzer LAS-4000 mini (Fuji film, Japan).

Cytotoxic Determination

Cytotoxicity was evaluated by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium (MTT) colorimetric assay
according to a reported procedure24 with slight modifications.
Briefly, cells (1.O><105 cells/200 pl/well) were incubated with 4 (0-10
uM) for 18 h. An aliquot of the medium (100 ul) was removed and
MTT solution (10 pl, 5 mg/ml in PBS) was added. After a 2-hr
incubation at 37 C, the medium was removed and isopropanol
containing 0.04 M HCl was added to dissolve the produced
formazan. Optical density (OD) for the formazan solution was
measured at 570 nm (reference: 655 nm). Percent viability
compared to the solvent control (DMSO) was plotted against
concentration and an IC5, value was calculated using regression
analysis.

bromide

Statistical analysis

All data are expressed as means * S.E.M. Data analysis was
performed with a one-way analysis of variance (1-ANOVA), followed
by Dunnett’s test. A p-value < 0.05 was considered statistically

significant. The I1C5, value was determined by regression analysis.

Conclusion

T. sinagicum afforded new sesquiterpenes tanacetolide A-C (1-3)
together with known compounds (4-10). Compound 4 inhibited NO
production with an ICsq of 1.0 uM, lower than the commercially
available gold standard for NO inhibition, CAPE. Compound 4
exhibited no change in protein abundance for P-JNK, JNK, P-p38,
P38, P-ERK and ERK except at the highest 30 uM amount where
protein levels for P-JNK, JNK, p38 and P-ERK were slightly reduced.
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