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Abstract

Four new sesquiterpene lactones, 8α-(2′Z-tigloyloxy)-hirsutinolide (1), 8α-(2′Z-tigloyloxy)-

hirsutinolide-13-O-acetate (2), 8α-(4-hydroxytigloyloxy)-hirsutinolide (3), and 8α-hydroxy-13-O-

tigloyl-hirsutinolide (4), along with seven known derivatives (5–11), three norisoprenoids (12–14),

a flavonoid (15), and a linoleic acid derivative (16), were isolated from the chloroform partition of

a methanol extract from the combined leaves and stems of Vernonia cinerea. Their structures were

established by 1D and 2D NMR, UV, and MS analyses. Compounds 1–16 were evaluated for their

inhibitory effects against the viability of U251MG glioblastoma and MDA-MB-231 breast cancer

cells that harbour aberrantly-active STAT3, compared to normal NIH3T3 mouse fibroblasts that

show no evidence of activated STAT3. Among the isolates, compounds 2 and 7 inhibited the

aberrant STAT3 activity in glioblastoma or breast cancer cells. Further, compounds 7 and 8
inhibited viability of all three cell lines, compounds 2, 4, and 9 predominantly inhibited the

viability of the U251MG glioblastoma cell line.
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1. Introduction

The search for genes that control tumor growth and progression has resulted in the discovery

of oncogenes, which are subject to mutational activation in cancer cells, as well as tumor
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suppressors [1]. However, not all oncogenes are targets for mutational activation. Notable

examples are the NF-κB and STAT3 transcriptional factors which were found to play

pivotal roles in various aspects of the tumorigenic process in a number of malignancies

[2,3]. Most often, NF-κB and STAT3 are constitutively activated in neoplastic cells due to

upregulation of upstream signaling pathways in response to autocrine and paracrine factors

that are produced within the tumor microenvironment [4]. Although NF-κB and STAT3 do

not match the classical oncogene definition, they are powerful activators of the malignant

state and control expression of target genes important for cell proliferation, survival,

angiogenesis and tissue repair [5–8]. However, the functions of NF-κB and STAT3 extend

far beyond the cancer cell and both transcriptional factors are important regulators of

immune and inflammatory functions [9,10]. While being activated by cytokines and growth

factors, both NF-κB and STAT3 control the expression of other cytokines and

inflammatory/immune mediators, thus serving as a regulatory hub that coordinates immune

and inflammatory responses. Therefore, NF-κB and STAT3 also affect cancer cell

physiology through their effects on immune and inflammatory cells in the tumor

microenvironment [11–13].

As part of an effort to discover naturally occurring anticancer agents and STAT3 inhibitors

from tropical plants, a methanol extract from the combined leaves and stems of V. cinerea

was evaluated and found to exhibit an inhibitory effect against the STAT3 activity in the

U251MG glioblastoma and MDA-MB-231 breast cancer cells, and to promote the loss of

viability of the two tumor cells in vitro, and not of normal NIH-3 T3 mouse fibroblasts.

V. cinerea Less (Asteraceae) is an annual herb that grows in South-East Asia, India and

China [14,15]. It is used for malaria, pain, inflammation, infections, diuresis, cancer,

abortion, and various gastro-intestinal disorders [16–21]. In particular, the root of this plant

has bitter and is used as an anthelmintic and diuretic [22]. Fresh juice of leaves is given to

treat dysentery and is locally applied for the extraction of guinea worms [22]. The seeds are

also used as an anthelmintic and alexipharmic, and they are known to be quite effective

against round worms and thread worms [22]. Aqueous ethanolic extracts (50%) of this plant

were found to possess activity against ranikhet virus disease [23]. The phytochemicals

previously reported from V. cinerea include sesquiterpene lactones, steroidal glycosides,

triterpenoids, and flavonoids [18,24–26]. In our previous studies on bioactive constituents

from the flowers of V. cinerea, we reported isolating the sesquiterpene lactones, and

determined their anti-inflammatory activities [27].

This paper reports the isolation and structure elucidation of the new sesquiterpene lactones,

1–4, together with twelve known compounds (5–16), as well as their ability to inhibit

STAT3 activity and promote antitumor cell effects in vitro against human glioma and breast

cancer cells.

2. Experimental

2.1. General experimental procedures

Optical rotations were measured on a Rudolph Research Autopol IV multiwavelength

polarimeter. UV spectra were run on a Shimadzu PharmaSpec-1700 UV–visible
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spectrophotometer. CD spectra were recorded on a JASCO J-815 spectropolarimeter. IR

spectra were measured on a Bruker Tensor-27 FT-IR spectrometer. NMR spectroscopic data

were recorded at room temperature on a Bruker Avance DRX-400 spectrometer, and the

data were processed using TopSpin 3.1 software. High-resolution electrospray ionization

mass spectra (HRESIMS) were obtained with an Agilent 6530 LC-qTOF High Mass

Accuracy mass spectrometer operated in the positive- and negative-ion modes. Analytical

TLC was performed on 0.25 mm thick silica gel F254 glass-backed plates (Sorbent

Technologies). Column chromatography was carried out with silica gel (230–400 mesh;

Sorbent Technologies) and RP-18 (YMC · GEL ODS-A, 12 nm, S-150 μm) was used for

column chromatography. Semipreparative (10 × 150 mm) columns were used for

semipreparative HPLC, and were conducted on a Beckman Coulter Gold-168 system

equipped with a photodiode array detector using an Alltech reversed-phase Econosil C-18

column (10 μm, 10 × 250 mm) with a flow rate of 1.5 mL/min.

2.2. Plant material

The leaves and stems of V. cinerea were provided by Lampang Herb Conservation Club,

Lampang Province, Thailand, in May 2011. The plant materials were identified by Dr.

Thanapat Songsak, (Faculty of Pharmacy, Rangsit University). A voucher specimen (No.

VCW02) was deposited at the Natural product chemistry Laboratory, College of Pharmacy,

University of Hawaii at Hilo.

2.3. Extraction and isolation

The air-dried and finely ground combination of the leaves and stems of V. cinerea (10 kg)

was extracted by maceration in MeOH (3 × 40 L) at room temperature. The solvent was

concentrated in vacuo to yield 774 g of a crude extract, which was then suspended in

distilled water (4 L) and then extracted successively with CHCl3 (3 × 4 L), EtOAc (3 × 4 L),

and n-butanol (3 × 4 L). The CHCl3-soluble extract (300 g), was separated by column

chromatography over Si gel (CC; ϕ20 cm; 230–400 mesh, 5 kg) using a gradient solvent

system of n-hexane–EtOAc (100:1 to 0:100), to afford 16 fractions (C1–C16). Fraction C2

(78 g) was subjected to Si gel (CC; ϕ10 cm; 230–400 mesh, 1 kg), with n-hexane–EtOAc

(100:0 to 1:1) as the solvent system, yielding fifteen subfractions (C2.1 to C2.15). Combined

subfractions C2.12 and C2.13 (1.5 g) were chromatographed over an open C18 column,

eluted with H2O–MeOH solvents (90:10 to 100% MeOH), to afford five subfractions

(C2.12.1 to C2.12.5). Subfraction C2.12.2 (0.8 g) was purified by HPLC on a

semipreparative RP-18 column, using MeOH–H2O mixtures (60:40 to 0:100) as the solvent

system, to yield 6 (25 mg, tR 119 min), 7 (50 mg, tR 121 min), 9 (20 mg, tR 124 min), and 11
(22 mg, tR 127 min). Subfraction C2.12.3 (0.3 g) was purified by HPLC on a

semipreparative RP-18 column, using MeOH–H2O mixtures (60:40 to 0:100) as the solvent

system, to yield 5 (24 mg, tR 86 min), 1 (2 mg, tR 96 min), and 8 (4.5 mg, tR 99 min).

Subfraction C2.14 (2.0 g) was chromatographed over an open C18 (400 g) column and

eluted with H2O–MeOH mixtures (90:10 to 100% MeOH), to afford three subfractions

(C2.14.1 to C2.14.3). Subfractions C2.14.1 and C2.14.2 (0.8 g) were purified by HPLC on a

semipreparative RP-18 column, using MeOH–H2O mixtures (60:40 to 0:100) as the solvent

system, to yield, in turn, 10 (102 mg, tR 78 min), 2 (1.5 mg, tR 115 min), 12 (6 mg, tR 122

min), 13 (3 mg, tR 123 min), and 9 (4 mg, tR 125 min). Subfraction C2.15 (4.0 g) was
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chromatographed on an open C18 (400 g) column and eluted with H2O–MeOH (90:10 to

100% MeOH), to afford four subfractions (C2.15.1 to C2.15.4). Subfraction C2.15.1 (0.4 g)

was subjected to separation on a semipreparative RP-18 column by HPLC, using MeOH–

H2O mixtures (60:40 to 100:0) as solvent system, to yield 5 (10 mg, tR 85 min), 1 (3 mg, tR
95 min), 14 (5 mg, tR 97 min), and 6 (30 mg, tR 105 min). Subfraction C2.15.2 (0.5 g) was

subjected to semipreparative HPLC (MeOH–H2O = 50:50 to 100:0), to yield 4 (2.5 mg, tR
88 min), 15 (8 mg, tR 90 min), 8 (3 mg, tR 100 min), 11 (10 mg, tR 93 min), and 7 (30 mg, tR
105 min). Fraction C14 (10 g) was chromatographed on a Sephadex LH-20 gel (300 g)

column and eluted with H2O–MeOH (100:0 to 50:50) solvent system, to afford nine

subfractions (C14.1 to C14.9). Compound 3 (2 mg, tR 90 min) was purified from subfraction

C14.3 (0.1 g) by semipreparative RP-18 column and HPLC methods, using (MeOH–H2O =

50:50 to 80:20) as solvent system. Compound 16 (10 mg) was crystallized in MeOH–CHCl3
(1:2) from the subfraction C15.

2.3.1. 8α-(2′Z-Tigloyloxy)hirsutinolide (1)—White amorphous powder; 

(c 0.2, MeOH); UV (MeOH) λmax (log ε) 290 (4.0) nm; CD (c 0.1, MeOH) 289 (+35.3); IR

νmax (KBr) 3320, 1760 cm−1; 1H (400 MHz) and 13C NMR (100 MHz) data, see Table 1;

HRESIMS m/z 401.1724 [M + Na]+ (calcd for C20H26O7Na, 401.1726).

2.3.2. 8α-(2′Z-Tigloyloxy)hirsutinolide-13-O-acetate (2)—White amorphous

powder;  (c 0.2, MeOH); UV (MeOH) λmax (log ε) 290 (4.2) nm; CD (c 0.1,

MeOH) 289 (+36.6); IR νmax (KBr) 3335, 1760 cm−1; 1H (400 MHz) and 13C NMR (100

MHz) data, see Table 1; HRESIMS m/z 443.1817 [M + Na]+ (calcd for C22H28O8Na,

443.1829).

2.3.3. 8α-(4-Hydroxytigloyloxy)-hirsutinolide (3)—White amorphous powder;

 (c 0.2, MeOH); UV (MeOH) λmax (log ε) 288 (4.1) nm; CD (c = 0.1, MeOH)

290 (+35.6); IR νmax (KBr) 3330, 1760 cm−1; 1H (400 MHz) and 13C NMR (100 MHz) data,

see Table 2; HRESIMS m/z 417.1660 [M + Na]+ (calcd for C20H26O8Na, 417.1672).

2.3.4. 8α-Hydroxy-13-O-tigloyl-hirsutinolide (4)—White amorphous powder;

 (c 0.2, MeOH); UV (MeOH) λmax (log ε) 290 (4.0) nm; CD (c = 0.1, MeOH)

294 (+40.3); IR νmax (KBr) 3335, 1760 cm−1; 1H (400 MHz) and 13C NMR (100 MHz) data,

see Table 2; HRESIMS m/z 401.1722 [M + Na]+ (calcd for C20H26O7Na, 401.1723).

2.4. Cell viability assay

Cell viability was determined using CyQuant assay according to the manufacturer’s

(Invitrogen, CA, USA) instructions, as reported previously [28,29]. Cells (U251MG, MDA-

MB-231 or NIH3T3) were cultured in 96-well plates at 2000 cells per well for 24 h and

subsequently treated with compounds (5 μM) for 72 h and analyzed. Relative viability of the

treated cells was normalized to the DMSO-treated control cells.
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2.5. Western blotting analysis for pYSTAT3 and STAT3

Whole-cell lysates were prepared in boiling SDS sample loading buffer to extract total

proteins, as reported previously [30–32]. Lysates of equal total protein prepared from

DMSO- or compound-treated cells were electrophoresed on an SDS-7.5% polyacrylamide

gel and transferred to a nitrocellulose membrane. Nitrocellulose membranes were probed

with primary antibodies, and the detection of horse-radish peroxidase-conjugated secondary

antibodies by enhanced chemiluminescence (Amersham) was performed. Antibodies used

were monoclonal anti-pYSTAT3 and anti-STAT3 antibodies (Cell Signaling Technology,

Danvers, MA).

3. Results and discussion

The chloroform partition of the combined leaves and stems of V. cinerea was repeatedly

subjected to column chromatography on silica gel, RP-18 gel, Sephadex LH-20 gel, and

preparative HPLC to afford four new sesquiterpene lactones, 1–4, along with twelve known

compounds (5–16) (Fig. 1).

Compound 1 was obtained as a white amorphous powder and gave a molecular ion at m/z

401.1724 [M + Na]+ (calcd for C20H26O7Na, 401.1726) in the positive-ion HRESIMS,

corresponding to a molecular formula of C20H26O7. The IR absorption band at 1760 cm−1

and a strong absorption around 290 nm in the UV spectrum indicated the presence of a

conjugated lactone group. The 13C NMR spectrum showed characteristic signals that further

supported the γ lactone group [δC 169.4 (C-12), 147.5 (C-7), 146.4 (C-6), and 131.6 (C-11)]

(Table 1) [24]. The NMR and HSQC spectra revealed two methyls at [δH 0.97 (d, J = 6.8

Hz)/δC 16.8 (CH3-14) and δH 1.48 (s)/δC 27.9 (CH3-15)], three methylenes at [δH 2.16 m/δC

38.5 (C-2), δH 2.16 m/δC 38.6 (C-3), and δH 2.36 (dd, J = 15.62, 11.6 Hz, H-9α), 1.87 (m,

H-9β)/δC 37.9 (C-9)], a methine at δH 1.90 (m)/δC 41.3 (C-10), an oxymethine downfield

shifted at δH 6.34 (d, J = 8.0 Hz)/δC 68.2 (C-8), and an olefinic signal at δH 5.87 (s)/δC 125.6

(C-5), all of which suggested the presence of a hirsutinolide-type sesquiterpene [24]. The 1H

NMR spectrum revealed additional oxygenated methylene protons at [δH 4.65 (d, J = 13.2

Hz, H-13a) and 4.56 (d, J = 13.2 Hz, H-13b)], which showed two- and three-bond

correlation peaks with C-7, C-12, and C-11 in the HMBC spectrum (Fig. 2), and suggested

that this oxymethylene group was attached to the γ lactone moiety. In addition, the 1H

and 13C NMR spectra showed an olefinic signal at δH 6.17 (q, J = 7.6 Hz)/δC 139.9 (C-3′),

two methyl groups downfield shifted at [δH 2.02 (d, J = 7.6 Hz)/δC 15.9 (C-4′) and δH 1.93

(s)/δC 20.6 (C-5′)], an olefinic quaternary carbon at δC 128.2 (C-2′), and an ester carbonyl

carbon at δC 170.4 (C-1′), that were indicative of a tigloyl moiety based on the HSQC and

HMBC analyses. The 1H and 13C NMR spectra of 1 were almost identical, to those of 8α-

tigloyloxy-hirsutinolide [33], with the following exceptions: the signal for an olefinic proton

(H-3′) at δH 7.03 in 8α-tigloyloxy-hirsutinolide was shifted upfield to δH 6.17 in 1. In

contrast, two methyl group protons at δH 1.78 (CH3-4′) and δH 1.80 (CH3-5′) in 8α-

tigloyloxy-hirsutinolide were shifted downfield to 2.02 ppm and 1.93 ppm, respectively, in

the tigloyl group of 1 (Table 1), implying that the olefinic (C-2′–C-3′) bond was in the Z

configuration. These observations were further supported by the NOESY correlation

between H-3′ and CH3-5′ (Fig. 3). Additional NOESY correlations between H-8 and H-9β/
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H-13 along with the physicochemical data supported the same configurations in the

hirsutinolide type of sesquiterpene lactone, and were comparable with literature data

[24,27]. In particular, X-ray crystallographic analysis defined the relative configuration of

8α-tigloyloxy-hirsutinolide obtained in our previous work [27]. Therefore, compound 1 is

proposed as a new hirsutinolide geometric isomer, 8α-(2′Z-tigloyloxy)hirsutinolide.

Compound 2 was obtained as a white amorphous powder. It had a molecular ion at 443.1817

[M + Na]+ (calcd for C22H28O8Na, 443.1829) in the HRESIMS. The 1H and 13C NMR

spectra of 2 were similar to those of 1, except for an additional methyl group at δH 2.10 (3H,

s)/δC 20.9 and a carbonyl carbon at δC 170.7, consistent with an acetyl moiety. The HMBC

spectrum showed a correlation peak between the oxymethylene proton (H-13) and the ester

carbonyl carbon (δC 170.7), suggesting that the acetyl group was attached to an oxygen atom

at C-13. The chemical shifts and the NOESY correlation between H-3′ and CH3-5′ in the

tigloyl group supported the cis (Z) olefinic double bond between C-2′ and C-3′. The

stereochemistry of asymmetric carbons of 2 was the same as in 1, by comparison of the

physicochemical data and NOESY correlations of the two compounds. Thus, compound 2
was elucidated as a new geometric isomer, 8α-(2′ Z-tigloyloxy)hirsutinolide-13-O-acetate.

Compound 3 was obtained as a white amorphous powder and its molecular formula was

established as C20H26O8 by HRESIMS (observed, 417.1660; calcd for [M + Na]+

417.1672). The UV, IR, and NMR spectra of 3 indicated a hirsutinolide skeleton comparable

to those of 1 and 2. However, the 1H NMR spectrum revealed additional oxygenated

methylene protons at δH 4.28 (2H, d, J = 6.4 Hz, H-4′), which showed two- and three-bond

HMBC correlations with the two olefinic carbons (C-2′ and C-3′), indicating the attachment

of an oxymethylene group instead of a methyl group at C-3′ of the tigloyl moiety. The

specific splitting pattern and the coupling constant of the olefinic proton (H-3′) at δH 7.08

(t, 3JH-3′, H-4′ = 6.4 Hz) appeared to result from coupling with the oxymethylene proton

(H-4′), and further supported the presence of the 4-hydroxytigloyl moiety (Table 2). In

addition, the HMBC correlation observed between H-8 and the ester carbonyl carbon (C-1′)

demonstrated that the 4-hydroxytigloyl group was attached to C-8 of the sesquiterpene

lactone molecule. The relative stereochemistry of 3 was determined in a manner similar to

those of 1 and 2. Accordingly, compound 3 is proposed as a new compound, 8α-(4-

hydroxytigloyloxy)-hirsutinolide.

Compound 4 was obtained as a white amorphous powder with a molecular ion at m/z

401.1722 [M + Na+] (calcd for C20H26O7Na, 401.1723) in the HRESIMS, corresponding to

an elemental formula of C20H26O7. The 1D and 2D NMR spectra of 4 showed a (2′E)-

tigloyl moiety, three methylenes, two methyls, an olefinic, an oxymethine, and a γ lactone

group, indicating a hirsutinolide-type sesquiterpene lactone, initially assumed from the

spectra data to be similar to 8α-tigloyloxyhirsutinolide (6) [33]. However, the 1H NMR

spectrum of 4 showed an additional hydroxyl proton doublet at δH 6.15 (1H, d, J = 11.6 Hz),

which correlated with C-7/C-8/C-9 in the HMBC spectrum (Fig. 2), indicating that the

hydroxyl group was connected to C-8. In addition, magnetically equivalent oxygenated

methylene protons at δH 4.97 (2H, s, H-13) were observed in the 1H NMR spectra, which

also showed a three-bond correlation with a lactone carbonyl carbon (C-12) and an ester

carbonyl carbon (C-1′) of the tigloyl moiety in the HMBC spectrum. These observations
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unambiguously indicated that the tigloyl group was attached at C-13 through an oxygen

atom (Fig. 2). The NOESY correlation peaks between α-oriented OH-8 proton and H-9α,

and between H-13 and H-8 (Fig. 3), along with the physicochemical analyses of 4 supported

the same relative configurations compared to those of 1–3. Therefore, the structure of 4 was

established as a new compound, 8α-hydroxy-13-O-tigloyl-hirsutinolide.

The other twelve isolates were identified as the known compounds, 8α-(2-

methylacryloyloxy)-hirsutinolide (5) [33], 8α-tigloyloxyhirsutinolide (6) [33], 8α-

tigloyloxyhirsutinolide-13-O-acetate (7) [33,34], 8α-(2-methylacryloyloxy)-

hirsutinolide-13-O-acetate (8) [33,34], vernolide-B (9) [24], 8α-hydroxyhirsutinolide (10)

[27], and vernolide-A (11) [24], loliolide (12) [35], isololiolide (13) [35], (3R)-3-hydroxy-

ionone (14) [36], apigenine (15) [37], (9Z,12S,13S)-dihydroxy-9-octadecanoic acid (16) [38]

by comparison of their physical and spectral data with published values. To the best of our

knowledge, compounds 12 14 and 16 were isolated for the first time from this plant source.

In the previous phytochemical investigation [27], we reported that all of the sesquiterpene

lactones inhibited potently against the TNF-α-induced NF-κB activity and nitric oxide (NO)

production in LPS-stimulated RAW 264.7 cells. In the present study, compounds 1 16 were

evaluated for their inhibitory effects against aberrant STAT3 activity in the U251MG

glioblastoma cancer cell and MDA-MB-231 breast cancer cells, and the viability of the two

tumor lines that harbour constitutively-active STAT3, compared to normal NIH-3 T3 mouse

fibroblast. As compared with the blank, control compounds 4 and 7 9 showed 64% to 88%

inhibitory effects against the viability of U251MG glioblastoma cell line. Compound 7
showed similar inhibitory effects in all of the tested cell lines. Compounds 2 and 6 showed

weak inhibitory effect in the U251MG glioblastoma cell line. However, the other

compounds were inactive in the tested cell lines (Table 3). Further, treatment of U251MG or

MDA-MB-231 cells with compound 7 inhibited intracellular phospho-Tyrosine STAT3

(pY705STAT3) (Fig. 4), suggesting the potential that inhibition of aberrant STAT3 activity

in the tumor cells contributes to the loss of viability induced by two compounds.

A variety of sesquiterpene lactones have been known to possess considerable anti-

inflammatory activity. Several studies for sesquiterpene lactones have provided an evidence

that DNA binding of NF-κB was prevented by alkylation of cysteine-38 in the p65/NF-κB

subunit [39,40]. There are strong indications that this is a general mechanism for

sesquiterpene lactones, which possess α,β-unsaturated carbonyl structures such as α-

methylene-γ-lactones or α,β-unsaturated cyclopentenones. These functional groups are

known to react with nucleophiles, especially with the sulfhydryl group of cysteine, in a

Michael-type addition [41]. In a recent study, two sesquiterpene lactones,

dehydrocostuslactone and costunolide were reported to induce a rapid drop in intracellular

glutathione content and consequently inhibited the tyrosine-phosphorylation of STAT3 in

cells treated with IL-6, while, dihydrocostunolide, a structural analogue of costunolide

lacking only the α,β-unsaturated carbonyl group failed to exert inhibitory action toward

STAT3 tyrosine phosphorylation, indicating that this unsaturation in the lactone ring may

play a pivotal role in its biochemical activity [42]. Studies of germacranolide type

sesquiterpene lactones, costunolide and parthenolide, herein show that these are generally

toxic to U251MG and normal NIH3T3 irrespective of the pSTAT3 status. Further, the
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inhibition of pSTAT3 at 5 μM was negligible or weak, compared to compound 7. These

results suggest costunolide and parthenolide likely have broad effects on multiple targets.

Hirsutinolide-type sesquiterpene lactones, 1–11 isolated from V. cinerea possess an α,β-

unsaturated-γ-lactone ring and a 1β,4β-expoxy group as common functional groups.

Although the structure–activity relationship of the sesquiterpene lactones has not been

investigated thoroughly, our results suggest the hirsutinolide type sesquiterpene lactone

possessing an α,β-unsaturated-γ-lactone moiety and an ester carbonyl group at C-13 position

may enhance the STAT3 inhibitory activity in these cancer cell lines.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Structures of compounds 1–16.
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Fig. 2.
Important HMBC correlations of compounds 1 and 4.
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Fig. 3.
Key NOESY correlations of compounds 1 and 4.
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Fig. 4.
Compound 7 (5 μM) inhibited STAT3 phosphorylation in U251MG (A) and MDA-MB-231

(B) cells, as detected by Western blot analysis-acetate inhibits STAT3 activation.
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Table 1

NMR data (400 MHz, in CDCl3) for compounds 1 and 2.

Position 1 2

δH, mult. (J in Hz) δC δH, mult. (J in Hz) δC

1 108.0 107.8

2 2.16, ma 38.5 2.10, ma 38.1

3 2.16, ma 38.6 2.10, ma 39.2

4 81.2 83.4

5 5.87, s 125.6 5.90, s 126.1

6 146.4 145.5

7 147.5 150.8

8 6.34, d (8.0) 68.2 6.28, d (10.8) 68.3

9α 2.36, dd (15.6, 11.6) 37.9 2.36, dd (15.6, 12.0) 35.4

9β 1.87, m 1.83, m

10 1.90, m 41.3 1.88, m 41.3

11 131.6 128.8

12 169.4 167.8

13a 4.65, d (13.2) 54.4 5.12, d (12.4) 55.5

13b 4.56, d (13.2) 5.05, d (12.4)

14 0.97, d (6.8) 16.8 0.97, d (7.6) 16.6

15 1.48, s 27.9 1.50, s 29.4

1′ 170.4 170.8

2′ 128.2 126.9

3′ 6.17, q (7.6) 139.9 6.10, q (8.8) 138.1

4′ 2.02, d (7.6) 15.9 2.01, d (8.4) 15.8

5′ 1.93, s 20.6 1.92, s 19.0

COCH3 170.7

COCH3 2.10, s 20.9

Chemical shift (δ) are in ppm, and coupling constants (J in Hz) are given in parentheses.

a
Overlapping signals.
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Table 2

NMR data (400 MHz, in CD3OD) for compounds 3 and 4.

Position 3a 4b

δH, mult. (J in Hz) δC δH, mult. (J in Hz) δC

1 107.9 109.1

2α 2.06, mc 37.3 2.20 37.0

2β 2.07

3 2.12, mc 38.0 2.24, mc 38.4

4 80.6 80.9

5 5.99, s 126.4 5.86, s 123.7

6 146.2 146.2

7 149.1 154.9

8 6.43, d (8.0) 69.1 5.19, dd (11.6, 6.0) 66.5

9α 2.40, dd (14.0, 12.0) 35.4 2.24, mc 38.1

9β 1.94 1.84, m

10 1.91, m 41.6 1.94, m 40.4

11 133.5 133.7

12 168.2 166.8

13 4.50, s 52.9 4.97, s 55.0

14 0.93, d (6.8) 16.0 0.95, d (7.6) 17.3

15 1.51, s 27.0 1.61, s 28.4

1′ 167.6 167.1

2′ 127.3 127.4

3′ 7.08, t (6.4) 142.3 6.88, q (6.8) 138.6

4′ 4.28, d (6.4) 58.4 1.81, d (6.8) 14.4

5′ 1.84, s 11.2 1.84, s 12.0

OH-8 6.15, d (11.6)

a
Spectra recorded at 1H (400 MHz) and 13C NMR (100 MHz) in CD3OD.

b
Spectra recorded at 1H (400 MHz) and 13C NMR (100 MHz) in CDCl3.

c
Overlapping signals.
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Table 3

STAT3 inhibition effect of compounds 1 16.

Compounds

U251MGa MDA-MB-231b NIH-3T3c

% inhibitiond % inhibition % inhibition

Control nee ne ne

1 ne ne ne

2 48.6 ne 8.0

3 ne ne ne

4 80.9 26.2 32.1

5 ne ne ne

6 18.0 15.0 ne

7 88.8 81.7 76.0

8 64.8 37.8 50.7

9 67.7 14.0 ne

10 6.0 ne ne

11 ne ne ne

12 ne ne ne

13 ndf nd nd

14 ne ne ne

15 ne ne ne

16 ne ne ne

costunolide 17.5 10.5 41.6

parthenolide 52.0 18.7 79.4

Control measurement was performed with the solubilising agent (DMSO),

a
glioblastoma cancer cell,

b
breast cancer cell,

c
mouse fibroblast cell,

d
% inhibition at 5 μM,

e
ne, no effect inhibition,

f
nd, not determined.
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