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Abstract A new rearranged eudesmane sesquiterpene,

named eudeglaucone (1), and five known sesquiterpenes

including (?)-faurinone (2) and four eudesmane-type

sesquiterpenes (3–6), were isolated from the twigs of Lin-

dera glauca (Sieb. et Zucc.) Blume. The structure of 1 was

elucidated by a combination of extensive spectroscopic

analyses, including extensive 2D NMR (1H-1H COSY,

HMQC, HMBC, and NOESY) and HR-MS. Compound 1

was a relatively rare rearranged eudesmane sesquiterpene

in terpenoids. All isolates were evaluated for their

antiproliferative activities against four human tumor cell

lines (A549, SK-OV-3, SK-MEL-2, and HCT-15). Com-

pounds 3 and 6 showed significant cytotoxicity against SK-

MEL-2 and HCT-15 cell lines with IC50 values ranging

from 9.98 to 12.20 lM. We also investigated the anti-

neuroinflammatory activities of the isolates (1–6) in the

lipopolysaccharide (LPS)-stimulated murine microglia BV-

2 cell line by measuring nitric oxide (NO) levels. All iso-

lates significantly inhibited NO production with IC50 val-

ues of 3.67–26.48 lM without inducing cell toxicity.

Keywords Lindera glauca � Lauraceae � Sesquiterpene �
Cytotoxicity � Anti-inflammation

Introduction

Lindera glauca (Sieb. et Zucc.) Blume (Lauraceae) is a

deciduous shrub widely distributed in Korea, Japan, and

China (Lee 1998). L. glauca has been used to treat various

diseases in Korean traditional medicine (Park et al. 2014;

Chung and Shin 1990). Traditionally, its fruit has been

applied in the treatment of symptoms of paralysis,

abdominal pain, and speech disorders. Its roots have also

been used as a remedy for extravasation, contusion, and

pain due to rheumatoid arthritis. Most importantly, the

extract of this tree has long been used to cure cancers in

Korean traditional medicine (Park et al. 2014; Chung and

Shin 1990), and its effectiveness is supported by our pre-

liminary study showing that the MeOH extract of L. glauca

twigs had excellent cytotoxic activity against A549, SK-

OV-3, SK-MEL-2, and HCT-15 cells in a sulforhodamine

B (SRB) bioassay (Kim et al. 2014). Previous phyto-

chemical investigations on L. glauca revealed a variety of

bioactive compounds including sterols (Chang et al. 2000;

Huh et al. 2011), alkaloids (Chang et al. 2000, 2001),

butanolides (Chang et al. 2000; Seki et al. 1994, 1995),

sesquiterpenoids (Nii et al. 1983), diarylpropanoids (Huh

et al. 2012), flavonoids (Chang et al. 2000), and phenolic

compounds (Chang et al. 2000). However, the constituents

associated with the anti-tumor activity from L. glauca have
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not been investigated thoroughly. In the course of our

search for the anti-tumor constituents from L. glauca, we

recently reported the isolation and identification of several

lignan derivatives with cytotoxic activity as well as anti-

inflammatory activity from the MeOH extract of L. glauca

(Kim et al. 2014; Suh et al. 2015).

In our ongoing search for bioactive constituents from the

twigs of L. glauca, we further investigated the MeOH

extract of L. glauca twigs to search for other types of

compounds associated with anti-tumor activity. As a result,

a new rearranged eudesmane sesquiterpene, named

eudeglaucone (1), together with five known sesquiterpenes

including faurinone (2) and four eudesmane-type

sesquiterpenes (3–6), were isolated from the most active

CHCl3-soluble fraction of the MeOH extract (Fig. 1). The

structure of 1 was elucidated by a combination of extensive

spectroscopic analyses, including 2D NMR (1H-1H COSY,

HMQC, HMBC, and NOESY) and HR-MS. The current

report describes the isolation and structure elucidation of

the compounds 1–6, as well as their bioactive properties.

Materials and methods

General experimental procedures

Optical rotations were measured on a Jasco P-1020

polarimeter using methanol as a solvent. IR spectra were

recorded on a Bruker IFS-66/S FT-IR spectrometer using

methanol as a solvent. UV spectra were recorded using an

Agilent 8453 UV–Vis spectrophotometer. HR-ESI MS and

ESIMS spectra were recorded on a Micromass QTOF2-

MS. LC/MS analysis was performed on an Agilent 1200

Series HPLC/6130 Series mass spectrometer. NMR spec-

tra, including 1H-1H COSY, HMQC, HMBC, NOESY

experiments, were recorded on a Varian UNITY INOVA

500 NMR spectrometer operating at 500 MHz (1H) and

125 MHz (13C), with chemical shifts given in ppm (d).

Semi-preparative HPLC was conducted with a Shimadzu

Prominence HPLC System with SPD-20A/20AV Series

Prominence HPLC UV–Vis Detectors (Shimadzu). Silica

gel 60 (Merck, 230–400 mesh) and RP-C18 silica gel

(Merck, 230–400 mesh) were used for column chro-

matography. The packing material for molecular sieve

column chromatography was Sephadex LH-20 (Pharmacia

Co. Ltd). Merck precoated silica gel F254 plates and RP-18

F254s plates were used for TLC. Spots were detected on

TLC under UV light or by heating after spraying with

anisaldehyde-sulfuric acid.

Plant materials

The twigs of L. glauca (Sieb. et Zucc.) Blume were col-

lected from Hongcheon, Chungcheongbuk-do, Korea, in

March 2010. Samples of plant material were identified by

one of the authors (K. H. Kim). A voucher specimen

(SKKU 2010-3B) has been deposited in the herbarium of

the School of Pharmacy, Sungkyunkwan University,

Suwon, Korea.

Extraction and isolation

The pulverized twigs of L. glauca (6 kg) were extracted

twice with 80 % aqueous MeOH (2 9 4 h) under reflux,

and then filtered. The filtrate was concentrated under vac-

uum to afford a crude MeOH extract (120 g), which was

suspended in distilled water (2 L) and successively parti-

tioned with hexane, CHCl3, EtOAc, and n-BuOH, yielding

2.5, 13.3, 7.6, and 17.5 g of residues, respectively. Each

fraction was evaluated for its cytotoxicity against A549,

SK-OV-3, SK-MEL-2, and HCT-15 cells using the SRB

bioassay. The most active fraction was the CHCl3-soluble

fraction, which we selected for phytochemical investiga-

tion. The CHCl3-soluble fraction (13.3 g) was separated

over RP-C18 silica gel (230–400 mesh, 300 g) column

chromatography using a gradient of increasing MeOH in
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H2O from 50 to 100 % to give four fractions (C1–C4).

Fraction C3 (2.1 g) was applied to a Sephadex LH-20

column using a solvent system of CH2Cl2–MeOH (1:1) to

yield eight subfractions (C31–C38). Subfraction C36

(135 mg) was further purified by semi-preparative HPLC

using a 250 9 10 mm i.d., 10 lm, Econosil RP-18 column

(Alltech, Nicholasville, KY, USA) using isocratic elution

with 75 % MeOH/H2O (flow rate; 2 mL/min) to yield

compound 2 (4 mg). Subfraction C37 (120 mg) was puri-

fied by semi-preparative HPLC using the same column

with an isocratic solvent system of 75 % MeOH/H2O (flow

rate; 2 mL/min) to obtain compounds 3 (3 mg) and 4

(3 mg). Compound 5 (3 mg) was isolated from subfraction

C38 (275 mg) by the purification of semi-preparative

HPLC using the same column with 90 % MeOH/H2O.

Fraction C4 (1.5 g) was separated over RP-C18 silica gel

(230–400 mesh, 50 g) column chromatography using a

solvent system of 80 % MeOH/H2O to give 12 subfractions

(C4A–C4L). Subfraction C4A (180 mg) was separated

over a pre-packed C18 Sep-Pak cartridge (10 g, Waters)

using 90 % MeOH/H2O, and further purified by semi-

preparative HPLC using a 250 9 10 mm i.d., 10 lm,

Econosil RP-18 column (Alltech) using isocratic elution

with 70 % MeOH/H2O (flow rate; 2 mL/min) to furnish

compound 1 (7 mg). Subfraction C4B (85 mg) was purified

by semi-preparative HPLC using the same column with an

isocratic solvent system of 95 % MeCN/H2O (flow rate;

2 mL/min) to give compound 6 (9 mg).

Eudeglaucone (1): colorless gum; ½a�25D -20.5 (c 0.30,

MeOH); UV (MeOH) kmax (log e) nm 208 (3.8); IR (neat)

mmax cm
-1: 3421, 2938, 2831, 1685, 1455, 1256, 1032; 1H

(CD3OD, 500 MHz) and 13C (CD3OD, 125 MHz) NMR

data, see Table 1; HR-ESIMS (positive-ion mode) m/z:

289.1421 [M?Na]? (calcd for C15H22O4Na, 289.1416).

In vitro cytotoxicity test

A sulforhodamine B (SRB) bioassay was used to determine

the cytotoxicity of each isolated compound against four

cultured human tumor cell lines (Song et al. 2014). The

assays were performed at the Korea Research Institute of

Chemical Technology. The cell lines used were A549 (non-

small cell lung carcinoma), SK-OV-3 (ovary malignant

ascites), SK-MEL-2 (skin melanoma), and HCT-15 (colon

adenocarcinoma). Each tumor cell line was inoculated over

standard 96-well flat-bottom microplates and then incu-

bated for 24 h at 37 �C in a humidified atmosphere of 5 %

CO2. The attached cells were then incubated with the

serially diluted isolates. After continuous exposure to the

compounds for 48 h, the culture medium was removed

from each well and the cells were fixed with 10 % cold

trichloroacetic acid at 4 �C for 1 h. After washing with tap

water, the cells were stained with 0.4 % SRB dye and

incubated for 30 min at room temperature. The cells were

washed again and then solubilized with 10 mM unbuffered

Tris base solution (pH 10.5). The absorbance was measured

spectrophotometrically at 520 nm with a microtiter plate

reader. Doxorubicin (purity C98 %, Sigma) was used as a

positive control. The cytotoxicities of doxorubicin against

the A549, SK-OV-3, SK-MEL-2, and HCT-15 cell lines

were IC50 0.002, 0.012, 0.001, and 0.109 lM, respectively.

Tested compounds were demonstrated to be pure as evi-

denced by NMR and HPLC analyses (purity C95 %).

Determination of NO content

BV-2 microglia cells (4 9 104 cells/well in 96 well plates)

were treated with the samples to be tested for 30 min

before exposure to 100 ng/mL of LPS. After 24 h incu-

bation, nitrite in culture medium was measured to assess

NO production in BV-2 microglia cells using Griess

reaction. The supernatant (50 lL) was harvested and mixed

Table 1 1H (500 MHz) and 13C (125 MHz) NMR data of 1 in

CD3OD
a (d in ppm)

Position 1

dH dC

1 1.70 m 37.3 t

1.47 m

2 2.26 m 32.8 t

1.78 m

3 4.36 dd (8.5, 4.5) 78.6 d

4 215.4 s

5 64.6 s

6 2.06 dd (13.5, 3.5) 31.4 t

1.99 br d (13.5)

7 3.22 m 35.9 d

8 1.68 m 26.5 t

1.47 m

9 1.87 m 37.1 t

1.42 m

10 43.3 s

11 147.4 s

12 172.5 s

13 6.13 s 121.6 t

5.62 s

14 0.96 s 21.8 q

15 2.15 s 28.9 q

a The assignments were based on 1H-1H COSY, HMQC, and HMBC

experiments. Well-resolved couplings are expressed with coupling

patterns and coupling constants in Hz in parentheses
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with an equal volume of Griess reagent (1 % sulfanilamide,

0.1 % N-1-napthylethylenediamine dihydrochloride in 5 %

phosphoric acid). After 10 min, the absorbance at 540 nm

was measured using a microplate reader. Sodium nitrite

was used as a standard to calculate the NO�
2 concentration.

NG-Monomethyl-L-arginine (L-NMMA, purity C98 %,

Sigma, USA), a well-known NOS inhibitor, was tested as a

positive control. Cell viability was assessed by a 3-[4,5-

dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide

(MTT) assay.

Results

Structural elucidation of isolated compounds

Compound 1 was isolated as an optically active colorless

gum. The molecular formula of 1 was determined as

C15H22O4 from its positive mode HR-ESIMS data at m/z

289.1421 [M?Na]? (calcd for C15H22O4Na, 289.1416),

which was compatible with the 1H and 13C NMR data. Its

IR spectrum exhibited characteristic absorptions of

hydroxy (3421 cm-1) and conjugated carboxylic

(1685 cm-1) groups. The 1H and 13C NMR spectral data

(Table 1) of 1, in combination with HMQC, indicated a

total of 15 carbon signals, including one tertiary methyl

group [dH 0.96 (3H, s); dC 21.8], one characteristic acetyl

moiety composed of one methyl signal [dH 2.15 (3H, s); dC
28.9] and a carbonyl carbon signal [dC 215.4], and one

oxygenated methine signal [dH 4.36 (1H, dd, J = 8.5,

4.5 Hz); dC 78.6]. The NMR data also showed an olefinic

methylene signal [dH 6.13 (1H, s) and 5.62 (1H, s); dC
21.8], one quaternary carbon [dC 147.4], and a carboxyl

signal [dC 172.5], whose characteristic resonances indi-

cated the presence of an allylic acid moiety in the molecule

(Ceccherelli et al. 1985; Oksuz and Topcu 1991; Leon et al.

2009). The 1H and 13C NMR spectra of 1 were shown to

have a rearranged-type sesquiterpene skeleton. The corre-

lations in the 1H-1H-COSY and HMQC spectra revealed

the presence of two proton-bearing structural fragments, –

CH2CH2CH–OH (a) and –CH2CHCH2CH2– (b) (Fig. 2).

Detailed HMBC analysis showed the correlation of H-14

(dH 0.96)/C-1 (dC 37.2), C-5 (dC 64.5), C-9 (dC 37.1), and

C-10 (dC 43.3), H-15 (dH 2.15)/C-4 (dC 215.4) and C-5 (dC
64.6), H-6 (dH 2.06 and 1.99)/C-3 (dC 78.6) and C-11 (dC
147.4), H-7 (dH 3.22)/C-12 (dC 172.5), and H-13 (dH 6.13)/

C-7 (dC 35.9) and C-12 (dC 172.5) (Fig. 2), which sug-

gested that the planar structure of 1 was identical to that of

3a-hydroxyisoiphion-11(13)-en-12-oic acid, a known

isoiphionane-type sesquiterpene (Garcez et al. 2010).

However, there was a major difference between the two

compounds in the 13C chemical shifts of the allylic acid

moiety [dC 175.1 (C-12), 153.1 (C-11), 117.6 (C-13) in 3a-
hydroxyisoiphion-11(13)-en-12-oic acid] (Garcez et al.

2010), which suggested that compound 1 is a stereoisomer

of 3a-hydroxyisoiphion-11(13)-en-12-oic acid.

The relative stereochemistry of 1 was established from

the observed data of the NOESY experiment. The cis-fused

hydrindane system of 1 was assigned by the chemical shift

of the methyl of C-14 (dC 21.8) (Todorova and Tsankova

1999), which was supported by NOESY correlation

between H-14 and H-15 (Fig. 2). The OH group of C-3 was

established as being in the a-position by the observed

coupling constants of H-3 (J = 8.5, 4.5 Hz) and its

downfield shift (dH 4.36) caused by the neighboring acetyl

group (Todorova and Tsankova 1999). The b-orientated
H-3 was further confirmed by the NOESY correlation of

H-3/H-15 (Fig. 2). Finally, the NOESY correlation of H-7/

H-15 indicated a b-orientated H-7 (Fig. 2), which con-

firmed that compound 1 is an epimer of 3a-hydroxy-
isoiphion-11(13)-en-12-oic acid. Determination of the

absolute configuration in natural products is crucial

because it provides essential information for both molec-

ular mode of action and total synthesis of bioactive com-

pounds. The determination of the absolute configuration of

1 was attempted by using the modified Mosher’s method

(Kim et al. 2011, 2015a, b). However, the reaction failed to

yield the corresponding acylation product, possibly due to

steric hindrance at C-3/C-5. So the absolute configuration

of 1 remains unknown. On the basis of the above data, the

structure of 1 was elucidated as shown in Fig. 1 and named

eudeglaucone.

The known compounds were identified as (?)-faurinone

(2) (Bos et al. 1983), 3a-hydroxycostic acid (3) (Cec-

cherelli et al. 1985), ilicic acid (4) (Oksuz and Topcu

1991), c-costic acid (5) (Leon et al. 2009), and costic acid

(6) (Watanabe et al. 2005) by comparing the physico-

chemical and spectroscopic data with previously reported

data. Besides the known sesquiterpenes, other known lig-

nan derivatives such as lyoniresinol, linderuca A, linderuca

C, (?)-90-O-(E)-feruloyl-5,50-dimethoxylariciresinol, and

(?)-5,50-dimethoxylariciresinol were also isolated and

identified, however, they were all compounds previously

reported from this plant by our group (Kim et al. 2014; Suh

et al. 2015).
Fig. 2 Key 1H-1H COSY (bold), HMBCs (continuous pink arrow),

and NOESY correlations (dotted blue arrow) of 1
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Biological activities

The cytotoxic activities of all the isolates 1–6 were eval-

uated by determining their inhibitory effects on human

tumor cell lines, including A549 (non-small cell lung car-

cinoma), SK-OV-3 (ovary malignant ascites), SK-MEL-2

(skin melanoma), and HCT-15 (colon adenocarcinoma)

using the SRB bioassay (Song et al. 2014), since all of the

compounds 1–6 were isolated from the CHCl3-soluble

fraction of the MeOH extract, which showed potent cyto-

toxicity against the tumor cell lines. Some eudesmane-type

sesquiterpenes have been reported to possess cytotoxic

activity against cancer cell lines in recent studies (Zhang

et al. 2015; Zhao et al. 2014; Nie et al. 2014; Cheng et al.

2013). However, no reports are available regarding the

evaluation of cytotoxic activities of the rearranged eudes-

mane sesquiterpenes. The results (Table 2) demonstrated

that compounds 3 and 6 showed significant cytotoxicity

against SK-MEL-2 and HCT-15 cell lines with IC50 values

ranging from 9.98 to 12.20 lM. However, other com-

pounds including the new compound, rearranged eudes-

mane sesquiterpene (1) were inactive (IC50[ 30.0 lM).

These results suggested that the exomethylene unit at C-4

in eudesmane-type sesquiterpenes may play a positive role

in mediating the cytotoxicity against SK-MEL-2 and HCT-

15 cell lines.

The anti-neuroinflammatory activities of the isolates 1–6

were also evaluated by measuring the levels of nitric oxide

(NO) produced in lipopolysaccharide (LPS)-activated

microglia BV-2 cells (Ko et al. 2015). Recently, several

eudesmane sesquiterpenes were reported to inhibit LPS-

induced NO production in BV-2 microglial cells (Tian

et al. 2013; Wang et al. 2014; Jiang et al. 2013). However,

research on the NO inhibitory effect of rearranged

eudesmane sesquiterpenes in LPS-stimulated murine

microglia BV-2 cells has not been reported until now.

Microglia, the immune resident cells of the brain, have

been implicated in the pathogenesis of a variety of neu-

rodegenerative diseases including Parkinson’s disease and

Alzheimer’s disease (Wilms et al. 2007; McGeer and

McGeer 1995). Under pathological conditions, microglia

cells are over-activated and produce a variety of pro-in-

flammatory mediators including NO (Yang et al. 2015;

Kim et al. 2015a, b), which consequently leads to various

neurodegenerative conditions of the CNS. In this study, the

isolated compounds 1–6 significantly inhibited NO levels

in LPS-stimulated BV-2 cells with IC50 values in the range

of 3.67–26.48 lM (Table 3). None of the compounds

showed any significant cellular toxicity up to 20 lM
(Table 3). In particular, compound 2 potently inhibited

LPS-stimulated NO production with an IC50 value of 3.67

lM, and the new compound, rearranged eudesmane

sesquiterpene (1) (IC50 = 15.90 lM) along with com-

pounds 2 (IC50 = 3.67 lM), 4 (IC50 = 14.92 lM), and 6

(IC50 = 12.13 lM) displayed better inhibitory activity on

NO production than the positive control, NG-nonomethyl-L-

arginine (NMMA), a well-known NOS inhibitor

(IC50 = 18.35 lM). Regarding to the other known lignan

derivatives, they were not evaluated for the cytotoxic and

anti-inflammatory activities in this study since we already

reported the biological data of them (Kim et al. 2014; Suh

et al. 2015).

Table 2 Cytotoxicity of compounds 1–6 against four cultured human

tumor cell lines using the SRB bioassay in vitro

Compound IC50 (lM)a

A549 SK-OV-3 SK-MEL-2 HCT-15

1 [30.0 [30.0 [30.0 [30.0

2 [30.0 [30.0 [30.0 [30.0

3 [30.0 [30.0 10.25 9.98

4 [30.0 [30.0 [30.0 [30.0

5 [30.0 [30.0 [30.0 [30.0

6 [30.0 [30.0 12.20 11.60

Doxorubicinb 0.002 0.012 0.001 0.109

a IC50 value of compounds against each tumor cell line, which was

defined as the concentration (lM) that caused 50 % inhibition of cell

growth in vitro
b Doxorubicin served as a positive control

Table 3 Inhibitory effect of compounds 1–6 isolated from L. glauca

on NO production in lipopolysaccharide (LPS)-activated BV-2 cells

Compound IC50 (lM)a Cell viability (%)b

1 15.90 106.6 ± 3.0

2 3.67 105.5 ± 3.9*

3 26.48 102.7 ± 4.5*

4 14.92 103.6 ± 1.0

5 24.44 106.1 ± 1.0

6 12.13 105.7 ± 2.2

NMMAc 18.35 98.2 ± 4.5*

Only *p-value\0.05 was indicated as statistically significant
a IC50 value of each compound was defined as the concentration

(lM) that caused 50 % inhibition of NO production in LPS-activated

BV-2 cells
b Cell viability after treatment with a 20 lM concentration of each

compound is expressed as a percentage (%) of the LPS-only treatment

group. Results are averages of three independent experiments, and the

data are expressed as mean ± SD. Statistical comparisons were per-

formed using a one-way ANOVA test with Student’s t test
c NMMA served as a positive control
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Discussion

We isolated and identified a new rearranged eudesmane

sesquiterpene, eudeglaucone (1), together with five known

sesquiterpenes including faurinone (2) and four eudes-

mane-type sesquiterpenes (3–6) from the twigs of L. glauca

and evaluated their cytotoxic and anti-neuroinflammatory

activities. The new compound 1 was a relatively rare

rearranged eudesmane sesquiterpene in terpenoids, and to

the best of our knowledge, this is the first report of the

presence of the rearranged eudesmane sesquiterpene in this

plant. In addition, this is the first report of the occurrence of

the eudesmane sesquiterpenes in this plant, and compounds

2 and 3 were isolated from the family of Lauraceae for the

first time. The co-occurrence of the rearranged eudesmane

sesquiterpene 1 and eudesmane sesquiterpenes 3–6 in the

same plant reinforces the biogenetic inter-relationship

between the rearranged sesquiterpene and eudesmanes, and

suggested the rearrangement of 4,5-epoxy-eudesmanes into

the rearranged eudesmane sesquiterpenes (Garcez et al.

2010; Todorova and Tsankova 1999). Compounds 3 and 6

showed significant cytotoxicity against SK-MEL-2 and

HCT-15 cell lines and all the isolated compounds 1–6 had

anti-neuroinflammatory properties in murine BV-2 micro-

glia cells. Therefore, it is possible that these compounds

could be applicable in the development of treatments for

activated microglia-mediated brain diseases and/or tumors.
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