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A B S T R A C T

Phytochemical investigation of the 70% aqueous EtOH extract of Lycopodium complanatum led to six new
polyhydroxy serratene triterpenoids (serrat A-F, 1–6), along with a known analogue (7). Their structures and
configurations were elucidated by data analysis of HRESIMS, 1D and 2D NMR, in combination with comparisons
of reported experimental spectroscopic data. All the isolates were evaluated cytotoxic activities against HepG2
cells, MCF-7 cells and series human lung cancer cell lines A549, Calu-6, NCI-H441, NCI-H226 and NCI-H1975.
The results indicated that certain compounds inhibited proliferation of human cancer cells. Moreover, all
compounds possessed selective cytotoxic activities on MCF-7 cells. Further, possible biosynthesis pathways of
these compounds were proposed.

1. Introduction

Lycopodium complanatum, a member of the Lycopodiaceae family, is
a folk medicinal herb to treat contusions, arthrophlogosis and quad-
riplegia [1]. It is mainly distributed in southern China such as Guizhou,
Hunan and Yunnan province. Over the past decades, researches on
Lycopodium complanatum have been mainly focused on the lycopodium
alkaloids and their anti-acetylcholinesterase (AChE) [2–6], however,
with only a small amount of serratene triterpenoids and abietane di-
terpenoids [7–10].

Serratene triterpenoids belong to the family of pentacyclic tri-
terpenoids with a central seven-membered ring C, usually isolated from
Lycopodiaceae, Pinaceae and Huperziaceae [11–14]. It has been re-
ported that serratene triterpenoids possess various activities such as
anti-tumour, cytotoxicity, cholinesterase inhibition, β-secretase 1 in-
hibition, antiproliferative activity and secreted aspartic proteases in-
hibition [15–21]. The structure of serratene triterpenoids previously
obtained generally contains a carbon-carbon double bond at C-14/C-15,
hydroxy groups at C-3 and C-21 [17,22–25]. Besides, there also exist a
small amount of serratene triterpenoids which are oxygenated to a
carbonyl group at C-16 and a hydroxy group at C-20 [18,26]. However,
there are rarely reports on serratene triterpenoids comprising an α, β-
unsaturated ketone (C-14/15/16) having hydroxy substitution other

than C-3, C-20 and C-21 [27]. In order to search for new and potentially
active natural products, we investigated the high polarity fraction of
Lycopodium complanatum, from which six new polyhydroxy serratene
triterpenoids, serrat A-F (1–6), together with one known analogue (7)
were obtained (Fig. 1). Herein, we reported the structure elucidation
and cytotoxic activities of these compounds.

2. Materials and methods

2.1. General methods

Column chromatography (CC) was performed on Macroporous resin
HPD-100 (Zhengzhou Qin Shi Co. Ltd., Henan, China), Sephadex LH-20
gel (GE Healthcare, Uppsala, Sweden) and Toyopearl HW-40C (TOY-
OPEARL TOSOH, Tokyo, Japan). Analytical HPLC experiments were
conducted with a YMC Pack ODS-A column (5 μm, 250mm×4.6mm
i.d.; Tokyo, Japan) in Agilent 1100 (Agilent Technologies, Ltd)
equipped with a diode array detector (DAD) under reversed-phase. And
semipreparative HPLC separations were carried out on an Agilent 1200
with YMC Pack ODS-A column (5 μm, 250× 10mm, YMC Co. Ltd.,
Kyoto, Japan). UV spectrum was detected with Waters Acquity UPLC
equipped 2998 PDA Detector (America). Optical rotations were tested
on a Jasco model 1020 polarimeter (Horiba, Tokyo, Japan). The
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HRESIMS were measured on a LC-LTQ Orbitrap Velos Pro ETD (Thermo
Fisher, MA, USA) in positive ion mode. NMR spectra data were col-
lected in pyridine‑d5 on a Bruker AV-500MHz and a Bruker AV-
400MHz (Bruker, Karlsruhe, Germany) with TMS as the internal stan-
dard. Chemical shifts (δ) were described in ppm and the coupling
constants (J) in Hz. All solvents were of analytical grade.

2.2. Plant material

The whole herbs of Lycopodium complanatum were collected in July
2015 from ShaoYang, Hunan Province, China, identified by Prof.
KangPing Xu (Xiangya School of Pharmaceutical Sciences, Central
South University). The voucher specimen (20150923) was deposited at
Xiangya School of Pharmaceutical Sciences, Central South University.

2.3. Extraction and isolation

The whole herbs of Lycopodium complanatum (15 kg) were exhaustively
extracted with 70% EtOH under reflux three times to get combining ex-
tracts, which were dried under reduced pressure afterwards. Then the
residue was dispersed in water and partitioned with petroleum ether (PE),
ethyl acetate (EA) and n-butyl alcohol (n-BuOH) successively. The n-BuOH
extract (300 g) was submitted to macroporous resin (HPD-100) and frac-
tionated by ethanol-water system to afford six streams, which were H2O,
20%, 40%, 50%, 70% and 95% respectively. The 40% EtOH portion (48 g)
was subsequently subjected to HW-40C column chromatography with
gradient elution of H2O/MeOH (v/v, 100:0 to 0:100) to obtain 5 fractions
(Fr. A-Fr. E) according to Analytical HPLC. Fr. D was subjected to HW-40C
repeatedly to yield 8 subfractions (Fr. D1-Fr. D8). Compound 7 (3.8mg)
was yield from Fr. D7 by means of semipreparative HPLC with ACN/H2O
(0∼30min, 25%∼35%). Fr. D6 was subjected to HW-40C with 30%
MeOH/H2O and then purified by semipreparative HPLC with 20% ACN/
H2O isometric elution to obtain compound 5 (6.6mg). Fr. D2-Fr. D5 were
merged together and then separated by Sephadex LH-20 with 25%MeOH/
H2O to get 3 fractions (Fr. 1-Fr. 3). Further separation of Fr. 2 was con-
ducted on HW-40C with gradient elution of MeOH/H2O (v/v, 10:100 to
30:100), from which 9 fractions (Fr. 2.1-Fr. 2.9) were obtained. Fr. 2.3 was
purified by semipreparative HPLC using ACN/H2O (0∼30min,
15%∼25%) to afford compound 2 (3.4mg) and compound 4 (0.6mg).

Compound 1 (3.0mg) and compound 3 (10.9mg) were produced from Fr.
2.4 with the help of semipreparative HPLC eluted with ACN/H2O
(0∼40min, 20%∼30%). Fr. 2.6 was separated with MeOH-H2O (v/v,
10:100 to 30:100) on HW-40C and then further gradient eluted with ACN/
H2O (0∼30min, 20%∼30%) to yield compound 6 (4.8mg).

2.3.1. Serrat A (1)
White amorphous powder; [ ]D

25–83.0 (c 0.20, MeOH); UV (ACN-
H2O) λmax 248.7 nm; 1H NMR (400MHz in pyridine‑d5) data see
Table 1, and 13C NMR (100MHz in pyridine‑d5) data see Table 2.
HRESIMS m/z 521.3461 [M+H]+ (calcd for C30H49O7 521.3478).

2.3.2. Serrat B (2)
White amorphous powder; [ ]D

25–29.0 (c 0.20, MeOH); UV (ACN-
H2O) λmax 248.7 nm; 1H NMR (500MHz in pyridine‑d5) data see
Table 1, and 13C NMR (125MHz in pyridine‑d5) data see Table 2.
HRESIMS m/z 521.3464 [M+H]+ (calcd for C30H49O7 521.3478).

2.3.3. Serrat C (3)
White amorphous powder; [ ]D

25–44.0 (c 0.20, MeOH); (ACN-H2O)
λmax 249.9 nm; 1H NMR (500MHz in pyridine‑d5) data see Table 1,
and 13C NMR (125MHz in pyridine‑d5) data see Table 2. HRESIMS m/z
521.3463 [M+H]+ (calcd for C30H49O7 521.3478).

2.3.4. Serrat D (4)
White amorphous powder; [ ]D

25–42.2 (c 0.20, MeOH); UV (ACN-
H2O) λmax 249.9 nm; 1H NMR (500MHz in pyridine‑d5) data see
Table 1, and 13C NMR (125MHz in pyridine‑d5) data see Table 2.
HRESIMS m/z 521.3463 [M+H]+ (calcd for C30H49O7 521.3478).

2.3.5. Serrat E (5)
White amorphous powder; [ ]D

25–63.4 (c 0.20, MeOH); UV (ACN-
H2O) λmax 248.7 nm; 1H NMR (500MHz in pyridine‑d5) data see
Table 1, and 13C NMR (125MHz in pyridine‑d5) data see Table 2.
HRESIMS m/z 505.3512 [M+H]+ (calcd for C30H49O6 505.3529).

2.3.6. Serrat F (6)
White amorphous powder; [ ]D

25–73.4 (c 0.20, MeOH); UV (ACN-
H2O) λmax 261.8 nm; 1H NMR (500MHz in pyridine‑d5) data see

Fig. 1. Structures of compounds 1–7 from Lycopodium complanatum.
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Table 1, and 13C NMR (125MHz in pyridine‑d5) data see Table 2.
HRESIMS m/z 505.3516 [M+H]+ (calcd for C30H49O6 505.3529).

2.3.7. 16-oxolyclanitin (7)
White amorphous powder; [ ]D

25–24.7 (c 0.20, MeOH); UV (ACN-
H2O) λmax 248 nm; 1H NMR (500MHz in pyridine‑d5) δH 1.78(H-1,
1H, m), 1.52(H-1, 1H, m), 2.12(H-2, 1H, m), 1.99(H-2, 1H, m), 4.42(H-
3, 1H, m), 1.83(H-5, 1H, m), 1.55(H-6, 1H, m), 1.51(H-6, 1H, m),
1.33(H-7, 1H, m), 1.22(H-7, 1H, m), 1.02(H-9, 1H, m), 1.85(H-11, 1H,
m), 1.08(H-11, 1H, m), 1.88(H-12, 1H, m), 1.10(H-12, 1H, m), 2.58(H-
13, 1H, br. d, 9.4), 5.94(H-15, 1H, s), 3.25 (H-17, 1H, s), 2.41(H-19, 1H,
m), 2.09(H-19, 1H, m), 4.59(H-20, 1H, m), 4.73(H-21, 1H, br. d, 1.0),
4.06, 3.84(H-24, each 1H, 10.8), 4.81, 4.19(H-29, each 1H, d, 10.8),
2.31, 1.85(H-27, each 1H, 14.6), 1.58(CH3-23, 3H, s), 0.87(CH3-25, 3H,
s), 0.71(CH3-26, 3H, s), 0.94(CH3-28, 3H, s), 2.04(CH3-30, 3H, s); 13C
NMR (125MHz in pyridine‑d5) δC 34.2 (C-1), 26.8 (C-2), 69.9 (C-3),
44.2 (C-4), 50.2 (C-5), 19.5 (C-6), 45.8 (C-7), 38.3 (C-8), 62.7 (C-9),
38.6 (C-10), 25.5 (C-11), 26.7 (C-12), 59.5 (C-13), 164.2 (C-14), 129.1
(C-15), 201.5 (C-16), 59.7 (C-17), 46.0 (C-18), 41.3 (C-19), 65.9 (C-20),
74.7 (C-21), 45.4 (C-22), 65.8 (C-24), 63.8 (C-29), 55.9 (C-27), 23.6 (C-
23), 16.6 (C-25), 20.0 (C-26), 16.8 (C-28), 23.2 (C-30).

2.4. Cytotoxicity assay

HepG2 cells, MCF-7 cells, MCF-10A cells and series human lung
cancer cell lines A549/Calu-6/NCI-H441/NCI-H226/NCI-H1975 were
all gained from ATCC (Manassas, VA, USA). Cytotoxic activities of all
isolates (1–7) was tested by CCK-8 assay with positive control of
staurosporine (STS). All human cancer cells were suspended at

3×103/well in 96 well-plates in RPMI-1640 medium with 10% fetal
bovine serum (FBS) and incubated for 24 h under a 5% CO2 atmosphere
at 37 °C. MCF-10A cells were cultured in MEBM medium with 100 ng/
ml cholera toxin under a 5% CO2 atmosphere at 37 °C for 24 h. Test
samples were then added while a negative control without compound
plus cells was set. After 72 h cultivation, fresh medium (100 μL) con-
taining CCK8 reagent was added to each well and the cells were cul-
tured for an additional 2 h. Finally, the optical density (OD) of the so-
lution was measured and IC50 values were calculated accordingly using
Graph Pad Prism.

3. Result and discussion

Compound 1 was a white amorphous powder with a molecular
formula of C30H48O7 according to the positive HRESIMS data at m/z
521.3461 [M+H]+ (calcd for C30H49O7 521.3478), suggesting seven
degrees of unsaturation. The 1H NMR spectrum (Table 1) exhibited five
methyl groups at δH 2.05 (3H, s, CH3-30), 1.64 (3H, s, CH3-23),
0.93(3H, s, CH3-28), 0.91 (3H, s, CH3-25), 0.68(3H, s, CH3-26), four
oxygenated methine groups at δH 4.74 (1H, br s), 4.60 (1H, m), 4.60
(1H, m), 4.47 (1H, d, J=11.3 Hz), two separated hydroxymethyl
groups at δH 4.81(1H, d, J=10.8 Hz, Ha-29), 4.20 (1H, d, J=10.5 Hz,
Hb-29), 4.11 (1H, d, J=10.9 Hz, Ha-24), 3.83 (1H, d, J=10.5 Hz, Hb-
24), in addition, an olefinic proton at δH 5.93(1H, br s, H-15). The 13C
NMR (Table 2) and DEPT spectrum showed a carbonyl group at δC
201.4 (C-16), a C]C bond signals at δC 164.1(C-14) and 129.1(C-15),
four oxygenated methine groups at δC 74.6 (C-21), 74.2 (C-3), 65.9 (C-
20) and 66.5, two oxygenated methylenes at δC 65.2 (C-24), 63.7 (C-
29), four methines, seven methylenes [a characteristic methylene signal

Table 1
1H NMR data of 1–6 (δ in ppm, J in Hz).

Position 1b 2a 3a 4a 5a 6a

1 2.12(1H, m)
1.83(1H, m)

1.67(1H, m)
1.58(1H, m)

1.95(1H, m)
1.73(1H, m)

1.83(1H, m)
1.64(1H, m)

1.80(1H, m)
1.54(1H, m)

1.77(1H, m)
1.53(1H, m)

2 4.47(1H, d, 11.3) 2.00(1H, m)
1.99(1H, m)

2.22(1H, m)
1.91(1H, m)

2.17(1H, m)
1.92(1H, m)

2.15(1H, m)
1.89(1H, m)

2.15(1H, m)
1.91(1H, m)

3 4.60(1H, overlapped) 4.20(1H, m) 4.49(1H, br. s) 4.48(1H, br. s) 4.41(1H, m) 4.46(1H, m)
5 1.83(1H, m) 1.78(1H, m) 2.07(1H, m) 1.98(1H, m) 2.07(1H, m) 1.88(1H, m)
6 1.58(1H, m)

1.52 (1H, m)
4.41(1H, m) 1.79(1H, m)

1.69 (1H, m)
1.86(1H, m)
1.60 (1H, m)

2.20(1H, m)
1.98 (1H, m)

1.64(1H, m)
1.53 (1H, m)

7 1.34(1H, m)
1.21(1H, m)

1.97(1H, m)
1.63(1H, m)

2.37(1H, m)
1.41(1H, m)

2.30(1H, m)
1.77(1H, m)

3.48(1H, m) 1.60(1H, m)
1.37 (1H, m)

9 1.04(1H, m) 1.00(1H, m) 2.30(1H, m) 1.31(1H, m) 1.09(1H, m) 1.22(1H, m)
11 2.02(1H, m)

1.09(1H, m)
1.97(1H, m)
1.13(1H, m)

2.09(overlapped)
1.27 (1H, m)

2.08(1H, m)
1.22 (1H, m)

2.07(1H, m)
1.27(1H, m)

1.84(1H, m)
1.15(1H, m)

12 1.80(1H, m)
1.06(1H, m)

1.90(1H, m)
1.13(1H, m)

2.19(1H, m)
1.89(1H, m)

1.34(1H, m)
1.20(1H, m)

1.84(1H, m)
1.21(1H, m)

2.67(1H, m)
2.02(1H, m)

13 2.55(1H, br. d, 9.7) 2.60(1H, br. d, 9.4) 2.83(1H, br. d, 11.4) 2.75(1H, br. d, 9.3) 2.58(1H, br. d, 9.4)
15 5.93(1H, s) 5.95(1H, s) 6.11(1H, s) 7.10(1H, s) 6.09(1H, s)
16 2.93(1H, m)

2.85(1H, m)
17 3.25 (1H, s) 3.28 (1H, s) 3.37 (1H, s) 3.40 (1H, s) 3.02 (1H, s) 2.84 (1H, m)
19 2.40(1H, m)

2.09(1H, m)
2.46(1H, m)
2.15(1H, m)

2.51(1H, m)
2.20(1H, m)

2.47(1H, m)
2.15(1H, m)

2.34(1H, m)
2.10(1H, m)

2.42(1H, m)
2.34(1H, m)

20 4.60(1H, overlapped) 4.63(1H, m) 4.65(1H, m) 4.64(1H, m) 4.39(1H, m) 4.63(1H, m)
21 4.74(1H, br. s) 4.78(1H, br. d, 1.0) 4.80(1H, br. s) 4.78(1H, br. s) 3.74(1H, br. d, 1.0) 4.52(1H, br. d, 1.0)
23 1.64(3H, s) 2.01(3H, s) 1.61(3H, s) 1.62(3H, s) 1.59(3H, s) 1.57(3H, s)
24 4.11 (1H, d, 10.9)

3.83(1H, d,10.5)
4.50(1H, d, 10.1)
4.21(1H, d, 10.3)

4.17(1H, d, 10.8)
3.93(1H, d, 10.9)

4.14(1H, d, 10.8)
3.91(1H, d, 10.7)

4.08(1H, 10.9)
3.90(1H, 10.8)

4.05(1H, 10.7)
3.82(1H, 10.8)

25 0.91(3H, s) 1.03(3H, s) 1.03(3H, s) 0.98(3H, s) 0.95(3H, s) 0.77(3H, s)
26 0.68(3H, s) 0.82(3H, s) 0.85(3H, s) 0.91(3H, s) 0.97(3H, s) 0.78(3H, s)
27 2.27, 1.87

(each 1H, 14.6)
2.39, 2.03
(each 1H, 15.2)

3.84(1H, d, 4.0) 4.32(1H, d, 4.0) 3.25, 2.22
(each 1H, 14.5)

3.15, 1.81
(each 1H, 14.2)

28 0.93(3H, s) 0.98(3H, s) 1.14(3H, s) 0.99(3H, s) 0.94(3H, s) 1.22(3H, s)
29 4.81(1H, d, 10.8)

4.20 (1H, d, 10.5)
4.85(1H, d, 10.7)
4.23(1H, d, 10.6)

4.84(1H, d, 10.8)
4.25 (1H, d, 10.8)

4.84(1H, d, 10.9)
4.23 (1H, d, 10.6)

1.39(3H, s) 4.12(1H, 10.9)
4.00(1H, 11.0)

30 2.05(3H, s) 2.08(3H, s) 2.09(3H, s) 2.12(3H, s) 1.72(3H, s) 1.61(3H, s)

a Measured in pyridine‑d5 at 500MHz.
b Measured in pyridine‑d5 at 400MHz.
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of serratene at δC 55.8 (C-27) included] [14], five methyls and five
quaternary carbons. All above spectral data clearly indicated compound
1 a serratene triterpenoid [28]. Besides, its UV maximum absorption
indicating an α, β-unsaturated ketone was included [14,15]. The dif-
ference of NMR data between compound 1 and 16-oxolyclanitin
(compound 7) displayed mainly in the ring A [9,26]. Detailed data
analysis of compound 1 revealed that a methylene group was replaced
by an oxygenated methine group [δC 66.5, δH 4.47(1H, d,
J=11.3 Hz)]. Therefore, it was estimated that the oxygenated methine
group was exactly located on the ring A. In the 1H–1H COSY spectrum
(Fig. 2), δH 4.47 was significantly correlated with H-1 (δH 2.12/1.83)/
H-3 (δH 4.60). Thus it could be confirmed that a proton at C-2 was
substituted by a hydroxy group. The orientations of the hydroxy groups
at C-3, C-20, C-21, C-24 and C-29 were all determined by NOESY cor-
relations in Fig. 3 and comparing the carbon chemical shifts with those
of compound 7. As observed in the NOESY spectrum (Fig. 3), the cor-
relations of H-2 (δH 4.47) with CH3-25(δH 0.91)/H-24(δH 4.11) in-
dicated that the hydroxy group at C-2 was α-oriented. Thus, compound
1 was established as 2α, 3α, 20β, 21β, 24, 29-hexahydroxyserrat-14-en-
16-one and named as serrat A.

Compound 2 was a white amorphous powder. Its positive HRESIMS
data at m/z 521.3464 [M+H]+ (calcd for C30H49O7 521.3478) sug-
gested a molecular formula of C30H48O7. The similar UV spectrum as
compound 1 suggested that compound 2 was also a serratene tri-
terpenoid including an α, β-unsaturated ketone. 13C NMR (Table 2) and
DEPT spectrum showed that compound 2 contained five methyl groups,
two oxygenated methylene groups, four oxygenated methine groups
and five quaternary carbons as compound 1, except that the location of
one oxygenated methine group was changed. Detailed analysis of
HMBC and 1H–1H COSY data (Fig. 2) displayed that a proton at C-6 was
oxygenated to a hydroxy group, which could be identified by obvious
correlations of H-6 (δH 4.41) to H-5(δH 1.78)/H-7(δH1.63/1.97). In the
NOESY spectrum (Fig. 3), the correlations of H-6 (δH 4.41) with CH3-

Table 2
13C NMR data of 1–6 (δ in ppm).

Positions 1b 2a 3a 4a 5a 6a

1 43.3 37.1 34.4 34.5 33.9 33.7
2 66.5 27.1 26.7 26.9 26.5 26.6
3 74.2 71.3 69.8 69.9 69.7 69.9
4 45.3 44.4 44.1 44.2 44.3 44.3
5 49.5 57.0 49.6 50.2 47.3 50.1
6 19.3 66.8 19.2 19.6 28.6 19.6
7 45.7 55.0 41.6 40.8 78.7 45.0
8 38.2 38.8 41.4 44.1 43.8 35.4
9 62.6 63.0 51.4 61.4 61.6 64.8
10 39.7 39.9 38.2 39.2 38.6 38.6
11 26.9 26.8 26.5 27.1 26.4 20.4
12 25.3 25.6 23.3 30.0 25.1 29.7
13 59.4 59.4 59.0 58.7 59.0 170.4
14 164.1 163.6 164.1 167.4 163.8 132.7
15 129.1 129.3 130.5 126.9 129.1 198.9
16 201.4 201.4 202.5 201.9 200.6 35.9
17 59.6 59.6 60.0 60.4 58.6 58.6
18 46.0 46.0 45.9 46.2 45.6 42.0
19 41.3 41.3 41.1 41.3 41.1 38.5
20 65.9 65.9 65.9 66.0 65.6 66.4
21 74.6 74.6 74.4 74.8 80.1 74.0
22 38.7 45.4 45.3 45.5 38.7 44.8
23 24.0 23.8 23.4 23.5 23.4 23.6
24 65.2 67.1 65.7 65.8 65.6 65.6
25 17.6 20.1 16.8 16.8 15.9 19.5
26 20.0 21.0 19.1 17.1 14.3 17.0
27 55.8 56.0 87.4 80.2 49.4 41.3
28 16.7 16.8 16.8 16.9 16.3 18.4
29 63.7 63.7 63.7 63.7 21.5 65.2
30 23.2 23.2 23.0 23.2 28.8 23.2

a Measured in pyridine‑d5 at 125MHz.
b Measured in pyridine‑d5 at 100MHz.

Fig. 2. Key HMBC and 1H–1H COSY correlations of compounds 1–6.
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25(δH 1.03)/CH3-26(δH 0.82)/H-24(δH 4.21) indicated that the hydroxy
group at C-6 was α-oriented. Therefore, compound 2 was finally es-
tablished as 3α, 6α, 20β, 21β, 24, 29-hexahydroxyserrat-14-en-16-one
and named as serrat B.

Compound 3 was obtained as a white amorphous powder. Its mo-
lecular formula was C30H48O7, the same as compound 1, based on the
positive HRESIMS data at m/z 521.3463 [M+H]+ (calcd for C30H49O7
521.3478). Similarities of UV spectrum and 13C NMR data (Table 2)
demonstrated that compound 3 contained four oxygenated methines
and two oxygenated methylenes, just a hydroxy substitution site was
changed. It was the disappearance of characteristic methylene that
deduced the hydroxy group probably at C-27, as proved by the corre-
lations of CH3-26 (δH 0.85) with C-8 (δC 44.4)/C-7 (δC 41.6)/C-9 (δC
51.4)/C-27(δC 87.4), H-27 (δH 3.84) with C-15 (δC 130.5) in HMBC
spectrum (Fig. 2). The NOESY spectrum (Fig. 3) displayed that H-27 (δH
3.84) was apparently correlated with CH3-26 (δH 0.85), which led to an
α-oriented configuration of 27-OH. Naturally, compound 3 could be
determined as 3α, 20β, 21β, 27α, 24, 29-hexahydroxyserrat-14-en-16-
one and named as serrat C.

Compound 4 was obtained as a white amorphous powder with a
molecular formula of C30H48O7, which was measured by HRESIMS at
m/z 521.3463 [M+H]+ (calcd for C30H49O7 521.3478). Its UV spec-
trum was the same as compound 3, both at 249.9 nm. A further com-
parison of NMR data between compound 4 and 3 revealed that the only
distinction was that the chemical shift of C-27 moved to the upfield
significantly, indicating an opposite configuration of the hydroxy group
at C-27, which was confirmed in detailed data analysis next. The HMBC
spectrum (Fig. 2) of 4 displayed that CH3-26 (δH 0.91) was correlated to
C-27 (δC 80.2), proving the existence of 27-OH. It could be concluded
that the hydroxy group at C-27 was β-oriented due to the correlation
between H-27 (δH 4.32) and H-9 (δH 1.31) in the NOESY spectrum

(Fig. 3). Finally, compound 4 was established as 3α, 20β, 21β, 27β, 24,
29-hexahydroxyserrat-14-en-16-one and named as serrat D.

Compound 5 was obtained as a white amorphous powder. Its mo-
lecular formula was identified as C30H48O6 by HRESIMS at m/z
505.3512 [M+H]+ (calcd for C30H49O6 504.3451), suggesting seven
degrees of unsaturation. Its UV spectrum still indicated an α, β-un-
saturated ketone. The 1H NMR (Table 1) showed six methyl groups at
δH 1.72 (3H, s, CH3-30), 1.59 (3H, s, CH3-23), 1.39 (3H, s, CH3-29),
0.97 (3H, s, CH3-26), 0.95 (3H, s, CH3-25), 0.94 (3H, s, CH3-28), four
oxygenated methine groups at δH 4.41 (1H, m), 4.39 (1H, m), 3.74 (1H,
br s), 3.48 (1H, m), a hydroxymethyl group at δH 4.08(1H, d,
J=11.3 Hz, Ha-24), 3.90(1H, d, J=11.2 Hz, Hb-24). The 13C NMR
(Table 2) and DEPT spectrum displayed four oxygenated methines at δC
80.1 (C-21), 69.7 (C-3), 65.6 (C-20) and δC 78.7, one oxygenated me-
thylene at δC 65.6 (C-24), four methines, six methylenes, six methyls
and five quaternary carbons, which illustrated that the hydroxy group
of C-29 was substituted by a proton. Comparing the spectrum data of
compound 5 with that of 3α, 20β, 21β–trihydroxy-16-oxoserrat-14-en-
24-oic acid and 3α, 21β, 24, 29-tetrahydroxyserrat-14-en-16-one could
speculate a hydroxy group locating on the ring B [9,28]. In the HMBC
spectrum (Fig. 2), H-5 (δH 2.07)/H-27 (δH 2.22)/CH3-26 (δH 0.97) were
all in correlations with δC 78.7. And in the 1H–1H COSY spectrum
(Fig. 2), δH 3.48 was exactly correlated with H-6 (δH 2.20/1.98). Thus,
both the data confirmed the existing of the hydroxy group at C-7. In the
NOESY spectrum (Fig. 3), the correlations of H-7 (δH 3.48) with H-5 (δH
2.07)/H-9 (δH 1.09) indicated that the hydroxy group of C-7 was β-
oriented. Therefore, compound 5 was determined as 3α, 7β, 20β, 21β,
24-pentahydroxyserrat-14-en-16-one and named as serrat E.

Compound 6 was obtained as a white amorphous powder. Its
molecular formula was identified as C30H48O6 by HRESIMS at m/z
505.3516 [M+H]+ (calcd for C30H49O6 504.3451), suggesting

Fig. 3. Key NOESY correlations of compounds 1–6.
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seven degrees of unsaturation. The NMR data of compound 5 was
resembled to 7 generally, except for the D ring. Since the chemical
shifts of C]C bond and carbonyl group, as well as their surrounding
carbons (C-12, C-16, C-27), were quite different from those of 7, it
could be inferred that the positions of C]C bond and carbonyl group
may change. Coincidentally, the NMR data (Table 2) of ring D was of
great resemblance with that of 21α-methoxyserrat-13-ene-3, 15-
dione, which was identified to comprise an α, β-unsaturated ketone
at C-13/14/15 [29]. Furthermore, the correlations of H-27 (δH 1.81/
3.15) to C-13 (δC 170.4)/C-14 (δC 132.7)/C-15 (δC 198.9), CH3-28
(δH 1.22, s) to C-13 (δC 170.4), H-17 (δH 2.84, s) to C-15 (δC 198.9),
H-12 (δH 2.02/2.67) to C-14 (δC 132.7) were all observed in HMBC
spectrum (Fig. 2), proving the fact that C]C bond was at C-13/C-14
and carbonyl group at C-15. Its NOESY spectrum (Fig. 3) showed that

3-OH was α-oriented, 20-OH was β-oriented and 21-OH was β-or-
iented, the same as those of compounds 1–5. Therefore, compound 6
was finally established as 3α, 20β, 21β, 24-pentahydroxyserrat-13-
en-15-one and named as serrat F.

In addition, a potential biosynthesis pathway of compounds 1–7was
deduced as shown in Fig. 4. Serratene triterpenoids were not bio-
synthesized from α-onocerin as previously assumed but directly from
pre-α-onocerin [30]. Pre-α-onocerin might be protonated and then
converted to Intermediate B through cyclization reaction. B was dehy-
drogenated at C-13, followed by series oxidation and dehydration to
give compound 6. In addition, serratenediol (3β-OH, 21α-OH), a key
precursor, was produced by the dehydrogenation at C-15 of inter-
mediate B. And then intermediate G (3α-OH, 21β-OH) was yield after
sequential dehydration and oxidation of serratenediol. Compound 1, 2,

Fig. 4. Potential biosynthesis pathway of compounds 1–7.

Table 3
Cytotoxicities of compounds 1–7.

No. Cytotoxicity IC50 (μΜ)

A549 calu-6 NCI-H226 NCI-H441 NCI-H1975 HepG2 MCF-7 MCF-10A

1 NA NA 21.78 NA NA NA 29.65 NA
2 NA NA NA NA NA 35.25 24.79 NA
3 NA 53.84 NA 43.18 58.56 NA 16.90 69.76
4 NA NA NA NA NA NA 18.78 NA
5 NA NA 58.91 NA NA 59.19 29.82 NA
6 NA NA NA NA NA NA 21.36 NA
7 NA NA NA NA NA 73.04 23.66 NA
STS 0.03 0.005 0.17 0.38 0.01 0.05 0.03 2.32

NA: No active; STS: Staurosporine (positive control).
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3, 4, 5 and 7 were all produced by a series of oxidation reactions at
different sites of G.

The inhibitory effects of compounds1-7 against human cancer cells
(A549, Calu-6, NCI-H441, NCI-H226, NCI-H1975, HepG2 and MCF-7)
were evaluated by the CCK-8 assay with positive control of STS
(Table3). Compounds 1, 3 and 5 exhibited moderate cytotoxicities
against lung cancer cell lines. Compounds 2, 5 and 7 inhibited HepG2
cells moderately. Especially, all compounds displayed inhibitory ac-
tivities on MCF-7 cells with IC50 values < 30 μΜ, among which com-
pound 3 with the lowest IC50 value 16.90 μΜ.

4. Conclusion

Six new together with a known serratene triterpenoids were isolated
from Lycopodium complanatum. Herein, we reported the structure
identification of them for the first time. It is worth mentioning that the
structure of these polyhydroxy triterpenoids is quite novel compared to
conventional serratene triterpenoids. Additionally, compounds 1, 3 and
5 displayed proliferation inhibition effects of human lung cancer cell
lines in varying extent. Compounds 2, 5 and 7 exhibited moderate in-
hibitory activities to HepG2 cells. Particularly, all compounds presented
selective cytotoxicities against MCF-7 cells with IC50 values < 30 μM,
where compounds 3 and 4 had IC50 values < 20 μM. To summarise,
discovery of these isolates may provide some supports for further in-
vestigation of bioactive chemical constituents and biosynthesis
pathway of Lycopodium complanatum.
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