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Sesquiterpenoids, norsesquiterpenoids, and their ana-
logues, especially those of the genera Lemnalia and Paralem-
nalia, constitute a large family of secondary metabolites en-
dowed with a wide range of structural diversity.1—18) Previous
bioassay results of these secondary metabolites have been
shown to exhibit diverse biological properties such as cyto-
toxic,5,7,9—11,16) anti-inflammatory12) and antibacterial activi-
ties.16) As part of continuing search for bioactive secondary
metabolites from marine invertebrates, we investigated the
secondary metabolites of the Formosan soft corals Lemnalia
flava and Paralemnalia thyrsoides.

A new ylangene-type sesquiterpenoid, (1S,2S,4R,6S,7R,
8S )-4a-formyloxy-b-ylangene (1) (Fig. 1), along with two
known ylangene-type sesquiterpenoids, lemnalol (2)10) and
isolemnalol (3),7) were isolated from the Formosan soft coral
L. flava. In addition, chemical investigations of the other For-
mosan soft coral P. thyrsoides have obtained three new nar-
dosinane-type sesquiterpenoids, paralemnolins J—L (4—6)
(Fig. 1), and five previously characterized sesquiterpenoids
(7—11).11,17,19) The details of isolation and structural elucida-
tion of metabolites 1 and 4—6 are discussed in this paper.
Moreover, metabolite 2 (10 mM) was evaluated for the ability
to inhibit the expression of the pro-inflammatory iNOS (in-
ducible nitric oxide synthase) and COX-2 (cyclooxygenase-
2) proteins. Metabolites 1 and 11 did not inhibit the COX-2
protein expression, but significantly inhibited iNOS protein
expression. However, metabolites 3—7 showed insignifi-
cantly anti-inflammatory activity against LPS (lipopolysac-

charide)-stimulated RAW 264.7 macrophages.

Results and Discussion
The chromatographic separation of the EtOAc extracts of

the Formosan soft corals L. flava and P. thyrsoides using Si
60, RP-18, and Sephadex LH-20 gravity columns in combi-
nation with RP-18 HPLC resulted in the purification of
metabolites 1—11 (see Experimental).

(1S,2S,4R,6S,7R,8S )-4a-Formyloxy-b-ylangene (1) was
obtained as a yellow oil. The HR-electrospray ionization
(ESI)-MS of 1 exhibited a pseudomolecular ion peak at m/z
271.1675 [M�Na]�, consistent with the molecular formula
of C16H24O2, requiring five degrees of unsaturation. The pres-
ence of an exo-methylene moiety was indicated by its NMR
data (Tables 1, 2) [dH 5.09 (1H, s, H-12a) and 4.95 (1H, s, H-
12b); dC 115.0 (CH2, C-12) and 148.8 (qC, C-3)]. The 13C-
NMR data also showed signals of three methyl carbons [dC

19.5 (CH3, C-11), 20.0 (CH3, C-14), and 20.2 (CH3, C-15)],
three sp3 methylene carbons [dC 32.4 (CH2, C-5), 21.6 (CH2,
C-9), and 36.4 (CH2, C-10)], five sp3 methine carbons [dC

47.4 (CH, C-2), 68.4 (CH, C-4), 47.1 (CH, C-6), 41.8 (CH,
C-7), and 32.4 (CH, C-13)], and one sp3 quaternary carbon
[dC 42.6 (qC, C-1)]. The 1H-NMR spectrum of 1 showed sig-
nals due to a tertiary methyl at dH 0.67 (3H, s, Me-11) and an
isopropyl group at dH 0.88 (6H, d, J�6.3 Hz, Me-14 and Me-
15) and 1.52 (1H, m, H-13) in addition to the signals at dH

1.81 (1H, dd, J�15.3, 3.6 Hz, H-5a), 2.43 (1H, dd, J�15.3,
8.1 Hz, H-5b), 2.61 (1H, d, J�5.9 Hz, H-2), and 2.13 (1H, s,
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Fig. 1. Structures of Metabolites 1—11



H-7). These NMR features were analogous to those of 210)

with the exception that the resonances due to the secondary
hydroxyl [dH 4.42 (1H, br d, J�8.0 Hz, H-4); dC 66.5 (CH,
C-4)] were replaced by a secondary formyloxyl [dH 5.64
(1H, br d, J�8.1 Hz, H-4), 8.10 (1H, s, H-16); dC 68.4 (CH,
C-4) and 160.7 (CH, C-16)]. This assumption was further
supported by its IR spectrum absorptions at 2853 and
1724 cm�1. Moreover, the 1H–1H correlation spectroscopy
(COSY) correlations (Fig. 2) between H-4 and H-16, and the
heteronuclear multiple bond correlation (HMBC) correla-
tions from H-16 to C-4 confirmed the location of the formyl-
oxy functionality at C-4. Therefore, the planar structure of 1
was proposed decidedly.

The computer modeled 3D structure of 1 was generated by
using MM2 force field calculations for energy minimization
with the molecular modeling program Chem3D Ultra 9.0.
The relative stereochemistry of 1 assigned by the nuclear

Overhauser effect spectroscopy (NOESY) spectrum was
compatible with those of 1 offered by computer modeling, in
which the close contacts of atoms calculated in space were
consistent with the NOESY correlations (Fig. 3). A large
long-range coupling constant (4J2,6�5.9 Hz) due to a W-type
coupling between H-2 and H-6 further indicated the presence
of a bridged cyclobutane system in 1. In addition, no cou-
pling was observed between H-7 and the adjacent protons
(H-2, H-6, and H-8), suggesting a dihedral angle of approxi-
mately 90° between these protons. The NOESY correlations
between H3-11 with both H-4 and H-5b positioned the b-ori-
entation of the aforementioned protons. Furthermore, H-7
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Table 1. 1H-NMR Spectroscopic Data of Metabolites 1 and 4—6

H# 1a) 4a) 5b) 6a)

1 5.58 br d (4.8)c) 3.19 d (4.0)c) 5.37 br s
2 2.61 d (5.9)c) a : 2.03 m; b : 2.15 m a : 1.98 m; b : 2.00 m 2.00 m
3 a : 1.45 m; b : 1.49 m a : 1.19 m; b : 1.26 m a : 2.17 m; b : 2.30 m
4 5.64 br d (8.1) 2.11 m 1.98 m 1.48 m
5 a : 1.81 dd (15.3, 3.6)

b : 2.43 dd (15.3, 8.1)
6 1.58 m 2.37 m 3.77 m 5.83 s
7 2.13 s
8 1.54 m a : 2.43 m; b : 2.38 m a : 2.82 m; b : 2.50 m 1.50 m
9 1.62 m a : 2.50 m; b : 2.67 m a : 2.50 m; b : 1.40 m a : 2.00 m; b : 2.17 m

10 1.71 m
11 0.67 s 2.19 m
12 a: 5.09 s a: 3.70 t (10.4) 2.23 s a: 3.99 d (11.2)

b: 4.95 s b: 4.53 dd (10.4, 2.9) b: 4.12 d (11.2)
13 1.52 m 0.95 d (6.8) 2.14 s 1.30 s
14 0.88 d (6.3) 0.92 s 0.68 d (6.5) 0.94 s
15 0.88 d (6.3) 0.83 d (6.8) 0.95 d (6.8)

4-OCHO 8.10 s
12-OAc 2.03 s 2.07 s

a) Spectra were measured in CDCl3 (300 MHz). b) Spectra were measured in CDCl3 (500 MHz). c) J values (in Hz) are in parentheses.

Fig. 2. Selected 1H–1H COSY (—) and HMBC (→) Correlations of 1 and
4—6

Fig. 3. Key NOESY Correlations of 1

Table 2. 13C-NMR Spectroscopic Data of Metabolites 1 and 4—6

C# 1a) 4a) 5b) 6a)

1 42.6 (qC)c) 124.1 (CH)c) 62.1 (CH)c) 119.9 (CH)c)

2 47.4 (CH) 25.8 (CH2) 22.5 (CH2) 25.3 (CH2)
3 148.8 (qC) 26.9 (CH2) 25.7 (CH2) 29.9 (CH2)
4 68.4 (CH) 33.1 (CH) 34.3 (CH) 37.4 (CH)
5 32.4 (CH2) 43.0 (qC) 45.3 (qC) 38.1 (qC)
6 47.1 (CH) 62.2 (CH) 69.4 (CH) 129.7 (CH)
7 41.8 (CH) 213.1 (qC) 206.3 (qC) 137.8 (qC)
8 44.2 (qC) 40.7 (CH2) 38.7 (CH2) 27.3 (CH2)
9 21.6 (CH2) 30.8 (CH2) 30.2 (CH2) 27.6 (CH2)

10 36.4 (CH2) 137.8 (qC) 65.3 (qC) 141.9 (qC)
11 19.5 (CH3) 31.6 (CH) 207.6 (qC) 73.9 (qC)
12 115.0 (CH2) 66.3 (CH2) 34.2 (CH3) 70.1 (CH2)
13 32.4 (CH) 17.9 (CH3) 14.4 (CH3) 24.2 (CH3)
14 20.0 (CH3) 21.8 (CH3) 18.3 (CH3) 15.7 (CH3)
15 20.2 (CH3) 15.3 (CH3) 20.9 (CH3)

4-OCHO 160.7 (CH)
12-OAc 20.9 (CH3) 20.7 (CH3)

170.9 (qC) 171.1 (qC)

a) Spectra were measured in CDCl3 (75 MHz). b) Spectra were measured in
CDCl3 (125 MHz). c) Multiplicities are deduced by HSQC and DEPT experiments.



was found to show the NOE correlations with both H-2 and
H3-14, indicating the a-orientations of H-2, H-7, and the iso-
propyl group.

In order to determine the absolute stereochemistry,
metabolite 1 was hydrolyzed with K2CO3/MeOH to give a
hydrolyte 1a.20) By a careful comparison of NMR spectro-
scopic data, the 1H- and 13C-NMR data of 1a were in good
agreement with those of lemnalol (2).10) The absolute stereo-
chemistry of 1a was further elucidated by comparison of its
optical rotation ([a]D

24 �8.9) with that of 2 ([a]D
20 �9.3). On

the basis of the above observations, together with NOESY
correlations (Fig. 3), metabolite 1 was determined to be
(1S,2S,4R,6S,7R,8S)-4a-formyloxy-b-ylangene.

The positive HR-ESI-MS of 4 exhibited a pseudomolecu-
lar ion peak at m/z 301.1781 [M�Na]�, corresponding to the
molecular formula C17H26O3 and five degrees of unsatura-
tion. The NMR spectroscopic data (Tables 1, 2) demon-
strated the presences of a keto group, an acetate unit, and a
trisubstituted double bond, which accounted for three degrees
of five unsaturations and were suggestive of a bicyclic de-
calin ring. The assignment of the keto carbonyl signal at dC

213.1 (C-7) was clarified by analysis of the key HMBC cor-
relations from H-6 to C-7 and from H2-8 to C-7 (Fig. 2). One
acetate resonated at dH 2.03 (each 3H, s) and dC 170.9 (qC)
and 20.9 (CH3). Meanwhile, the oxymethylene at dH 3.70 (H-
12a) and 4.53 (H-12b) exhibited the HMBC correlations to
the acetoxy carbonyl, proving acetyloxy substitution at the
position, and was confirmed by the COSY correlations (Fig.
2). The HMBC correlations from the methyl signal (H3-14)
correlated with those of two methine carbons (C-4 and C-6),
a quaternary carbon (C-5), and a quaternary olefinic carbon
(C-10) as well as COSY correlations from H2-8 to H2-9, led
to the placement of the trisubstituted double bond at C-1 and
C-10. On the basis of the key COSY and HMBC correlations
(Fig. 2), metabolite 4 was fully assigned as a decalin ring be-
longing to the nardosinane-type sesquiterpenoid.

The relative configuration of 4 was proposed on the basis
of the key NOESY correlations (Fig. 4). The NOESY corre-
lations between H-2b /H3-14, H-9b /H3-14, H-2b /H3-15, H-
6/H3-14, H-6/H3-15, H-6/H3-13, H3-14/H3-15, H-4/H-2a ,
and H-4/H-11 showed that H-6, H3-14, and H3-15 are located
on b face of the decalin ring, whereas H-4 and H-2a are ori-
ented toward the opposite face. The above findings also con-
firmed the 4S*, 5S*, and 6R* configurations. Moreover, H-
12a showed a crucial NOESY correlation with H-8a , allow-
ing the S*-configuration of the C-11. According to the afore-
mentioned observations, the structure of paralemnolin J (4)
was proposed unambiguously.

Paralemnolin K (5) was isolated as a colorless oil, which
analyzed for the molecular formula C14H20O3 by HR-ESI-MS

coupled with the distortionless enhancement by polarization
transfer (DEPT) and 13C-NMR spectroscopic data (Table 2).
Metabolite 5 was found to possess the same molecular for-
mula as that of 1017) (C14H20O3), as revealed from HR-ESI-
MS. The above result, together with the comparison of 2D
NMR spectroscopic data of 5 with those of 10, disclosed that
two metabolites had isomeric relationship. The significant
proton and carbon chemical shift differences between 5 and
10 demonstrated that the relative configuration at C-6 of 5
possessed the R-configuration. The key NOESY correlations
between H3-13/H3-14, H3-14/H-3b , H-1/H-9b , H-8b /H-9b ,
and H3-13/H-8b positioned the b-orientation of the afore-
mentioned protons. Furthermore, H-4 was found to show the
NOESY correlations with both H-3a and H-6, suggesting
the a-orientations of H-4 and H-6. The above findings indi-
cated the 1S*, 4S*, 5S*, 6R*, and 10R* configurations. Con-
sequently, the structure of paralemnolin K (5) was deter-
mined undoubtedly.

The HR-ESI-MS of metabolite 6, appeared as a colorless
oil, established a molecular formula of C17H26O3, implying
five degrees of unsaturation. Analysis of the COSY and
HMBC correlations (Fig. 2) were diagnostic in determining
that the gross framework of paralemnolin L, possessing a
nardosinane-type sesquiterpene skeleton, was assigned as 6.
The structure of 6 was identical to that of paralemnolin C15)

with exception that the acetoxy group attached to C-11 was
replaced by a hydroxy group. A tertiary hydroxyl was recog-
nized as being present in 6 from its 13C-NMR signals at dC

73.9 (qC, C-11), as well as from a broad IR absorption at
3459 cm�1. The NOESY correlations between H3-14 and H3-
15 implied these protons were located on the same face (b-
orientation) of the decalin ring in the molecule of 6. The re-
sult indicated that 6 possessed the same stereochemistry as
paralemnolin C at each ring junction and chiral center. On
the basis of these evidences, the structure of paralemnolin L
(6) was confirmed definitely.

Due to previous reports of iNOS (inducible nitric oxide
synthetase) and COX-2 (cyclooxygenase-2) inhibition activ-
ity of Alcyonaceous sesquiterpenoids,21,22) we evaluated the
anti-inflammatory activity of these isolated metabolites. The
in vitro anti-inflammatory effects of 1—7 and 11 were tested
using LPS-stimulated cells. Stimulation of RAW 264.7
macrophage cells with LPS resulted in up-regulation of the
pro-inflammatory iNOS and COX-2 proteins. Metabolites
1—7 and 11 (10 mM) reduced the levels of the iNOS protein
(70.0�7.0%, 2.0�0.8%, 103.0�4.3%, 110.6�1.8%, 110.1�
3.3%, 132.5�4.2%, 216.9�5.1%, and 13.1�2.1%, respec-
tively) and COX-2 protein (108.3�0.9%, 25.0�6.7%, 94.3�
3.2%, 116.9�8.3%, 113.6�2.7%, 121.7�3.8%, 152.3�
5.6%, and 67.6�13.1%, respectively) compare with the con-
trol cells (LPS alone). The primary anti-inflammatory results
showed that 2 and 11 significantly inhibited iNOS and COX-
2 proteins expression. Metabolites 1 did not inhibit the COX-
2 protein expression, but significantly inhibited iNOS protein
expression. With the exception of the above findings, the ob-
tained negative results showed that 3—7 exhibited no dis-
cernible anti-inflammatory activity against LPS-stimulated
RAW 264.7 macrophages. Moreover, the housekeeping pro-
tein b-actin was not changed by the presence of these tested
metabolites at the same concentration. Under the same ex-
perimental conditions, 10 mM CAPE (caffeic acid phenylthyl
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Fig. 4. Key NOESY Correlations of 4



ester) reduced the levels of the iNOS and COX-2 protein to
1.5�2.1% and 70.2�11.5%, respectively, relative to the con-
trol cells stimulated with LPS.

Experimental
General Experimental Procedures Optical rotations were determined

with a JASCO P1020 digital polarimeter. IR spectra were recorded on a
JASCO FT/IR-4100 infrared spectrophotometer. UV spectra were obtained
on a JASCO V-650 spectrophotometer. The NMR spectra were recorded on
a Bruker Advance 300 NMR spectrometer at 300 MHz for 1H and 75 MHz
for 13C or on a Varian Unity INOVA 500 FT-NMR spectrometer at 500 MHz
for 1H and 125 MHz for 13C, respectively, using CDCl3 with tetramethylsi-
lane (TMS) as internal standard. Chemical shifts are given in d (ppm) and
coupling constants in Hz. ESI-MS were recorded by ESI FT-MS on a Bruker
APEX II mass spectrometer. Silica gel 60 (Merck, 230—400 mesh) and
Sephadex LH-20 (Pharmacia) were used for column chromatography. Pre-
coated silica gel plates (Merck, Kieselgel 60 F254, 0.25 mm) were used for
TLC analyses. High-performance liquid chromatography (HPLC) was car-
ried out using a Hitachi L-7100 pump equipped with a Hitachi L-7400 UV
detector at 220 nm and a semi-preparative reversed-phase column (Merck,
Hibar Purospher RP-18e, 5 mm, 250�10 mm).

Animal Material The Formosan soft corals L. flava and P. thyrsoides
were collected by hand using scuba at the Green Islands located in the south-
east coast of Taiwan, in July 2005, at a depth of 10 m, and was stored in a
freezer for 5 weeks until extraction. Both specimens were identified by one
of the authors (C.-F. D.), and voucher specimens (GN-76 and GN-78) were
deposited in the Department of Marine Biotechnology and Resources, Na-
tional Sun Yat-sen University.

Extraction and Isolation The frozen soft coral L. flava was chopped
into small pieces and extracted with acetone for 24 h at room temperature.
The quantity of solvent used for each extraction (2.0 l) was at least three
times the amount of the soft coral material used (1.2 kg). The combined ex-
tracts were concentrated in vacuo (under 35 °C) to obtain 35.0 g of dry ex-
tract, which was suspended in water and extracted with EtOAc and n-BuOH
(saturated with H2O) sequentially. The EtOAc phase was evaporated to dry-
ness in vacuo to give a dark brown residue (25 g). The resulting EtOAc
residue was chromatographed over Si gel 60 using n-hexane, n-hexane–
EtOAc and EtOAc–MeOH mixtures of increasing polarity as eluting solvent
to obtain 30 fractions. Fraction 9 (1.2 g) derived from the n-hexane–EtOAc
(90 : 10) elution was subjected to a silica gel column using n-hexane–EtOAc
(95 : 5) for elution to afford 1 (30 mg). Fraction 10 (4.5 g) eluted from n-
hexane–EtOAc (90 : 10) was subjected to a silica gel column using n-
hexane–EtOAc (95 : 5) as eluting solvent to afford 2 (3.0 g). Fraction 12
(0.8 g) derived from the n-hexane–EtOAc (90 : 10) elution was subjected to a
silica gel column using n-hexane–EtOAc mixtures of increasing polarity for
elution, to afford 10 subfractions. A subfraction 12-3 (240 mg) eluted by n-
hexane–EtOAc (95 : 5) was fractionated over Sephadex LH-20 column elut-
ing with CH2Cl2–MeOH (1 : 1) to produce a mixture (78 mg) that was fur-
ther purified by HPLC (RP-18) using 85% MeOH in H2O as eluent to give 3
(5 mg).

In the same manner, the EtOAc fraction (10.0 g) of the other soft coral P.
thyrsoides was subjected to gravity column chromatography on silica gel 60
to furnish 28 fractions. Fraction 12 (1.2 g) obtained from the n-hexane–
EtOAc (30 : 1) elution was subjected to a silica gel 60 column using n-
hexane–acetone mixtures of increasing polarity for elution, to afford 10 sub-
fractions. A subfraction 12-5 (74 mg) eluted with n-hexane–acetone (35 : 1)
was fractionated over Sephadex LH-20 gel using acetone as eluent to affford
7 (2 mg). In turn, a subfraction 12-6 (160 mg) eluted with n-hexane–acetone
(30 : 1) was applied to Sephadex LH-20 to afford a mixture containing 4 and
8. Metabolite 4 (16 mg) and 8 (2 mg) were further purified by RP-18 HPLC
eluting with MeOH–H2O (19 : 1). Similarly, metabolite 6 (5 mg) was ob-
tained by a Sephadex LH-20 column on fraction 17. Fraction 22 (265 mg)
eluted with n-hexane–EtOAc (10 : 1) was submitted to repeated chromatog-
raphy over silica gel using n-hexane–EtOAc mixtures of increasing polarity
as eluent, to yield a mixture (124 mg), which was further purified by RP-18
HPLC eluting with 90% MeOH in H2O (flow rate 5.0 ml/min) to afford 5
(2 mg), 9 (3 mg), and 10 (20 mg). Fraction 24 (174 mg) eluted from n-
hexane–acetone (10 : 1) was fractionated over Sephadex LH-20 eluting with
CH2Cl2–MeOH (1 : 1) to produce 11 (18 mg).

(1S,2S,4R,6S,7R,8S )-4a-Formyloxy-b-ylangene (1): Light yellow, viscous
oil; [a]D

25 �47 (c�0.3, CH2Cl2); IR (KBr) nmax 2926, 2853, 1724, 1174,
906 cm�1; 1H-NMR (CDCl3, 300 MHz) and 13C-NMR (CDCl3, 75 MHz)
spectroscopic data, see Tables 1 and 2; ESI-MS m/z: 271 [M�Na]�; HR-

ESI-MS m/z: 271.1675 [M�Na]� (Calcd for C16H24O2Na, 271.1674).
Paralemnolin J (4): Colorless, viscous oil; [a]D

25 �59 (c�0.2, CH2Cl2); IR
(KBr) nmax 2926, 1734, 1442, 1240, 1067, 1021 cm�1; 1H-NMR (CDCl3,
300 MHz) and 13C-NMR (CDCl3, 75 MHz) spectroscopic data, see Tables 1
and 2; ESI-MS m/z: 301 [M�Na]�; HR-ESI-MS m/z: 301.1781 [M�Na]�

(Calcd for C17H26O3Na, 301.1780).
Paralemnolin K (5): Colorless, viscous oil; [a]D

25 �33 (c�0.2, CH2Cl2);
IR (KBr) nmax 2924, 1717, 1612, 1443, 1203, 1079 cm�1; 1H-NMR (CDCl3,
500 MHz) and 13C-NMR (CDCl3, 125 MHz) spectroscopic data, see Tables 1
and 2; ESI-MS m/z: 259 [M�Na]�; HR-ESI-MS m/z: 259.1311 [M�Na]�

(Calcd for C14H20O3Na, 259.1310).
Paralemnolin L (6): Colorless, viscous oil; [a]D

25 �100 (c�0.2, CH2Cl2);
IR (KBr) nmax 3459, 2925, 1737, 1615, 1443, 1219, 1094, 775 cm�1; 1H-
NMR (CDCl3, 300 MHz) and 13C-NMR (CDCl3, 75 MHz) spectroscopic
data, see Tables 1 and 2; ESI-MS m/z: 301 [M�Na]�; HR-ESI-MS m/z:
301.1781 [M�Na]� (Calcd for C17H26O3Na, 301.1780).

Hydrolysis of 1 with K2CO3/MeOH To a solution of K2CO3 (5.0 mg)
in 3 ml anhydrous MeOH was added 1 (6.0 mg). The mixture was stirred for
overnight at room temperature. The mixture was diluted with EtOAc,
washed with 1 N HCl brine, and dried over MgSO4. The crude product was
then subjected to a short silica-gel column using n-hexane–EtOAc (9 : 1) as
eluent to afford 1a (4.0 mg). By a careful comparison of physical and NMR
spectroscopic data, the 1H- and 13C-NMR, and optical rotation data of 1a
were in good agreement with those of lemnalol (2).10)

In Vitro Anti-inflammatory Assay Murine RAW 264.7 macrophages
were obtained from the American Type Culture Collection (ATCC, No. TIB-
71) and cultured in Dulbecco’s modified essential medium (DMEM) con-
taining 10% heat-inactivated fetal bovine serum, at 37 °C in a humidified 5%
CO2–95% air incubator under standard conditions. The in vitro anti-inflam-
matory assay was carried out according to the procedure described previ-
ously.22—24) For statistical analysis, all the data were analyzed by a one-way
analysis of variance (ANOVA), followed by the Student–Newman–Keuls
post hoc test for multiple comparisons. A significant difference was defined
as a p value of �0.05.
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