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a b s t r a c t

Ethnopharmacological relevance: The rhizome of Cyperus rotundus (C. rotundus) is a well-known
traditional Chinese medicine to cure hepatitis in many formulae, but the active components responsible
for hepatitis have not been elucidated. According to our bioassay on HepG2.2.15 cell line in vitro, the
ethanol extract of C. rotundus demonstrated potent anti-HBV activity. This current study was designed to
isolate and identify the anti-HBV active constituents from the rhizomes of C. rotundus.
Material and methods: Bioactivity and LC-MS guided fractionation on the extract of C. rotundus using
various chromatographic techniques including open-column, Sephadex LH-20 and semi-preparative high
performance liquid chromatography led to the isolation and identification of thirty-seven sesquiterpe-
noids. Structural elucidation of the isolates was carried out by extensive spectroscopic analyses (UV, IR,
HRMS, 1D- and 2D –NMR). The anti-HBV activity and cytotoxicity were evaluated on the HBV-transfected
HepG2.2.15 cell line in vitro. The cytotoxicity effects of the isolates were assessed by a MTT assay. The
secretions of HBsAg and HBeAg in the culture medium were detected by ELISA method, and the load of
HBV DNA was quantified by real-time fluorescent PCR technique.
Results: Five new patchoulane-type sesquiterpenoids, namely cyperene-3, 8-dione (1), 14-hydroxy
cyperotundone (2), 14-acetoxy cyperotundone (3), 3β-hydroxycyperenoic acid (4) and sugetriol-3, 9-
diacetate (5), along with 32 known sesquiterpenoids were isolated from the active fractions of C.
rotundus. Compounds 2 and 3were the first cyperotundone-type sesquiterpenoids with a hydroxyl group
at C-14 position. Nine eudesmane-type sesquiterpenoids (15–21 and 23–24) significantly inhibited the
HBV DNA replication with IC50 values of 42.775.9, 22.571.9, 13.271.2, 10.170.7, 14.171.1, 15.372.7,
13.870.9, 19.772.1 and 11.970.6 μM, respectively, of which, compounds 17, 21, 23 and 24 possessed
high SI values of 250.4, 125.5,4259.6 and 127.5, respectively. Two patchoulane-type sesquiterpenoids (4
and 7) effectively suppressed the secretion of HBsAg in a dose-dependent manner with IC50 values of
46.6714.3 (SI¼31.0) and 77.2713.0 (SI¼1.7) μM, respectively. Compounds 2, 8, 12, 15, 17 and 25
possessed moderate activities against HBeAg secretion with IC50 values of 162.5718.9 (SI¼13.3),
399.2790.0 (SI¼10.6), 274.7770.8 (SI¼5.2), 313.9787.5 (SI¼7.2), 334.0770.4 (SI¼9.9) and
285.3720.9 (SI¼15.5) μM, respectively.
Conclusions: This is the first study to reveal the anti-HBV constituents of C. rotundus, demonstrating that the
eudesmane-type sesquiterpenoids might contribute to the anti-HBV activity of the rhizomes of C. rotundus.
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1. Introduction

Hepatitis B virus (HBV) is a hepadnavirus and affects an
estimated 400 million people worldwide. It is also responsible
for more than 300,000 cases of liver cancer every year and for
similar numbers of gastrointestinal hemorrhage and ascites (Lai
et al., 2003). In China, about 120 million people are carriers of HBV
(almost a third of the people infected with HBV worldwide), 30
million of which are chronically infected (Liu and Fan, 2007).
Although the available therapies for HBV including interferon-α,
pegylated interferon-α-2a and nucleoside analogs (lamivudine,
entecavir, telbivudine, adefovir dipivoxil and tenofovir) are effec-
tive, the significant side effects and drug resistances are
inevitable (Stein and Loomba, 2009). Thus, it is necessary to
explore more effective anti-HBV drugs. Natural products are
valuable source of innovative drugs due to their various structures
and potent bioactivity (Geng et al., 2013b; Wang et al., 2011). It is
estimated that 50–70% of the launched drugs in the marketplace
are either natural products themselves or natural product-derived
molecules (Xu et al., 2012).

Cyperus rotundus Linneus (purple nutsedge), belonging to the
family Cyperaceae, is a perennial herb indigenous to China and
distributed in tropical and subtropical regions throughout the
world (Bendixen and Nandihalli, 1987). The rhizomes of C. rotun-
dus (Xiangfu) recorded in every edition of Chinese Pharmacopoeia
have been widely used as a traditional Chinese medicine to cure
liver diseases, pain and women's diseases (Hikino and Aota, 1976;
Kar et al., 2009; Raut and Gaikwad, 2006; Zhao et al., 2014a).
Previous phytochemical investigation on this herb revealed the
presence of monoterpenoids, sesquiterpenoids, triterpenoids, ster-
ols, alkaloids, flavonoids and phenolic compounds (Raut and
Gaikwad, 2006). Among them, sesquiterpenoids are the character-
istic secondary metabolites, and more than 100 cases with diverse
skeletons (patchoulane, eudesmane, rotundane, guaiane, cadinane,
caryophyllane, clovane and copane types) have been reported
from C. rotundus. An earlier study proposed the sesquiterpenoid
α-cyperone inhibited LPS-induced COX-2 expression and PGE2
production through the negative regulation of NFκB signaling in
RAW 264.7 cells (Jung et al., 2013). The endoperoxide sesquiter-
pene, 10, 12-peroxycalamenene, exhibited strong effect against
Plasmodium falciparum with EC50 value of 2.33�10�6 M in vitro
(Thebtaranonth et al., 1995). Eremophilane sesquiterpenoid
(þ)-nootkatone was the active component of anti-platelet aggre-
gation of C. rotundus ethanol (EtOH) extract. Two phenolic com-
pounds (þ)- and (�)-(E)-cyperusphenol A showed anti-
proliferative activity employing the Jurkat cell line (human T-cell
leukemia cells) with the IC50 values of 27.4 and 40.5 μM, respec-
tively (Ito et al., 2012). The extract of the rhizomes also possessed
diverse bioactivities, such as anti-oxidant (Kumar et al., 2014),
analgesic (Ahmad et al., 2012), anti-microbial (Ahmad et al., 2012),
anti-malarial (Thebtaranonth et al., 1995), anti-inflammatory (Seo
et al., 2001; Tsoyi et al., 2011), anti-diarrhoeal (Uddin et al., 2006),
cytoprotective (Zhu et al., 1997), anti-diabetic (Raut and Gaikwad,
2006) and neuroprotective effects (Lee et al., 2010).

Although the rhizome of C. rotundus has been used to treat
hepatitis B in China, Japan, Korea and India for a long time, its anti-
HBV constituents are still unknown. Sesquiterpenoids represent one
of the most important type of the natural products, some of which
have been revealed with promising anti-HBV effects (Li et al., 2013;
Zhao et al., 2014b). Since various sesquiterpenoids were abundant in
the rhizomes of C. rotundus, this study aimed to find out whether
these compounds are responsible for its anti-HBV activity.

Presently, liquid chromatography linked with mass spectro-
metry (LC-MS) has become a routine method in many areas of
analytical chemistry. The Shimadzu UFLC-MS-IT-TOF apparatus
equipped with an electrospray ionization (ESI) source coupled to

ion-trap (IT) and time-of-flight (TOF) mass analysis enables high-
resolution mass spectra in both positive and negative modes
which are effective to characterize trace components in a complex
mixture of natural products (Geng et al., 2013a). With the aim to
reveal the anti-HBV compounds of the rhizomes of C. rotundus,
bioactivity-guided screening method was conducted to find active
fractions, and then the fractions were analyzed by LC-MS techni-
que to guide the separation of sesquiterpenoids.

In the paper, the anti-HBV activities of the extracts, fractions
and compounds were assayed on HepG2.2.15 cell line in vitro.
Meanwhile, bioactivity and LC-MS guided isolation of sesquiterpe-
noids were discussed.

2. Material and methods

2.1. General

LC-MS was performed on a UFLC-MS-IT-TOF apparatus (Shi-
madzu, Kyoto, Japan). Optical rotations were measured by a Jasco
model 1020 digital polarimeter (Horiba, Tokyo, Japan). CD spectra
were recorded on an Applied Photophysics Chirascan spectrometer
(Agilent, Palo Alto, USA). UV spectra were performed on a
Shimadzu UV2401PC spectrophotometer (Shimadzu, Kyoto, Japan)
and IR (KBr) spectra were determined using Bio-Rad FTS-135
spectrometer (Hercules, California, USA), respectively. 1D and 2D
NMR were recorded on Bruker AM-400, Bruker DRX-500 or
AVANCE III-600 spectrometers (Bruker, Bremerhaven, Germany).
Waters Alliance 2695 apparatus with an Agilent ZORBAX SB-C18

(5 μm, 9.4�250 mm) column (Agilent, USA) was used for high
performance liquid chromatography (HPLC) separation. Unless
specified otherwise, the flow rate was 3.0 mL/min. Silica gel
(200–300 mesh) for column chromatography was purchased from
Qingdao Makall Chemical Company (Makall, Qingdao, China).
Sephadex LH-20 (20–50 μm) for chromatography was obtained
from Pharmacia Fine Chemical Co., Ltd. (Pharmacia, Uppsala,
Sweden). Fractions were monitored by thin layer chromatography
(TLC) (GF254, Qingdao Haiyang, Qingdao, China), and spots were
visualized by heating silica gel plates sprayed with 10% H2SO4

in EtOH.
HepG2.2.15 cells, Roswell Park Memorial Institute (RPMI)

medium 1640, 10% fetal calf serum, Geneticin 418 (G418), peni-
cillin, streptomycin were purchased from GIBCO (Shanghai, China).
ELISA kits were obtained from Autobio Diagnostics Co., Ltd.
(Zhengzhou, China). TIANamp Virus DNA Kit was purchased from
Tiangen Biotechnology Co., Ltd. (Beijing, China). Tenofovir was
purchased from Jiangxi Chenyang Pharmaceutical Co. Ltd. (Jiangxi,
China). Other reagents were of analytical grade and purchased
from GIBCO (Shanghai, China).

2.2. Plant material

Rhizomes of C. rotundus were purchased from Juhuacun
(Kunming, China). The plant material was identified by Professor
Dr. Li-Gong Lei (Kunming Institute of Botany, CAS). A voucher
specimen (No. 2011041101) was deposited in the Laboratory of
Anti-virus and Natural Medicinal Chemistry, Kunming Institute of
Botany, Chinese Academy of Sciences.

2.3. Plant extraction and bioactivity and LC-MS guided isolation

The dried rhizomes of C. rotundus (5 kg) were extracted with
90% EtOH at room temperature for 3 times, 72 h each time. All the
extracts were combined and condensed under reduced pressure to
afford EtOH extract (1.3 kg). Part of the EtOH extract was sus-
pended in water (H2O) and then successively partitioned with
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ethyl acetate (EtOAc) to obtain EtOAc (275 g) and H2O (950 g)
fractions, respectively. The EtOAc part (275 g) was subjected on
silica gel column chromatography (CC) eluted with acetone-
petroleum ether (PE) to give 8 sub-fractions (A–H). Each of these
extracts and fractions was tested for its anti-HBV activity (Table 1).
The results showed that Frs. B–D were clearly the most active ones
against the secretions of HBsAg and HBeAg, and HBV DNA
replication.

The above mentioned active fractions were further separated to
give many sub-fractions which were subsequently analyzed by
ultra fast liquid chromatography mass spectrometry (UFLC-MSn)
until the target compound was obtained. As the analytical proce-
dure was repetitive and similar, we took fraction B-1-2-1 as an
example to illustrate the procedures.

The fraction B-1–2-1 was analyzed by UFLC-MS to afford seven
mainly chromatographic peaks (Fig. 1). The high-resolution mass
spectrometry (HR-MS) analysis provided the molecular weight for
each peak from which the molecular formula was predicted. The
subsequent MSn analyses gave further structural information for
each compound (Table 2). As shown in Table 2, two sesquiterpe-
niods of peaks 1 (C15H20O2) and 2 (C15H22O2) were detected in Fr.
B-1–2-1. Consequently, Fr. B-1–2-1 was purified by HPLC (Agilent
ZORBAX SB-C18, 5 μm, 9.4�250 mm) with acetonitrile (MeCN)–
H2O (72:28) to yield compounds 1 (tR¼12.3 min) and 25
(tR¼17.8 min). The isolation of other compounds from the rhi-
zomes of C. rotundus was described as follows:

Fr. B was fractionated by a MCI CHP 20P gel column to get Frs.
B-1–3. Fr. B-1 (4 g) was subjected to a silica gel CC eluted with
EtOAc-PE to provide Frs. B-1-1-3. Fr. B-1-1 (1 g) was separated by
Al2O3 CC (acetone-n-hexane) to give compounds 21 (5 mg), 26
(13 mg) and 29 (50 mg). Fr. B-1-2 (2 g) was chromatographed on a
silica gel column eluted with EtOAc-PE to yield Frs. B-1-2-1–2. Fr.
B-1-2-2 (1.3 g) was chromatographed on a silver nitrate-silica gel
column (30 g) using EtOAc-PE as the eluent to obtain compounds
2 (9 mg) and 5 (4 mg). Fr.B-1–3 (400 mg) was purified by HPLC
with methanol (MeOH)–H2O to yield compounds 15 (13 mg), 11
(15 mg), 12 (8 mg), 3 (5 mg) and 8 (11 mg).

Fr. C (40 g) was loaded on a silica gel column (500 g) eluted
with EtOAc–PE to give Frs. C-1–3. Fr. C-1 (10 g) was subjected to a
silica gel CC (150 g) eluted with EtOAc-chloroform (CHCl3) to
provide Frs. C-1-1–3. Fr. C-1-1 (1.5 g) was separated by HPLC with
MeOH–H2O to give compounds 18 (17 mg), 23 (14 mg), 4 (10 mg),
22 (6 mg) and 13 (4 mg). Fr. C-1–2 was purified by HPLC to yield
compounds 14 (2 mg), 16 (32 mg), 17 (10 mg) and 36 (13 mg). Fr.
C-1–3 (1.5 g) was purified by Sephadex LH-20 chromatography
affording compounds 6 (15 mg) and 32 (14 mg).

Fr. D (25 g) was isolated with Al2O3 CC (500 g) eluted with
EtOAc-PE to give Frs.D-1–7. Fr. D-2 (200 mg) was purified by HPLC
using MeCN–H2O as the eluent to yield compounds 33 (13 mg), 31
(7 mg) and 37 (21 mg). Fr. D-3 (2 g) was purified through a silver
nitrate–Al2O3 column (30 g) eluted with MeOH–CHCl3 (1:100) to
give compounds 9 (18 mg), 10 (7 mg), 20 (6 mg) and 35 (34 mg).
Fr. D-4 (500 mg) was purified through a sephadex LH-20 column
(50 g) to get compounds 7 (12 mg) and 28 (5 mg). Fr. D-5 (600 mg)
was prepared by HPLC with MeOH-H2O to obtain compounds 19
(15 mg), 24 (3 mg), 27 (22 mg) 30 (13 mg) and 34 (6 mg).

2.4. Physical and spectroscopic data

2.4.1. Cyperene-3, 8-dione (1)
Colorless prismatic crystal; mp 171–172 1C; α½ �24D – 31.3 (c 0.1,

MeOH); CD (c¼2.59 mmol/L, dioxane): λmax (Δε) 237 (þ33.7), 314
(�7.6) nm; UV (MeOH) λmax ( lg ε): 241 (3.91) nm; IR (KBr) νmax:
1743, 1704, 1666, 1379 cm�1; HR-ESI-MS (þ) m/z 233.1531
[MþH]þ (C15H20O2, calcd for 233.1536). 1H and 13C NMR data
see Tables 2 and 3.

Table 1
Anti-HBV activities and cytotoxicities of the extracts or fractions.

Extracts/fractions CC50 (μg/mL) HBsAg HBeAg HBV DNA

IC50 (μg/mL) SI IC50 (μg/mL) SI IC50 (μg/mL) SI

EtOH extract 601.87149.5a 462.4787.3 1.3 42.8715.4 14.1 29.076.7 20.8
EtOAc extract 685.37186.2 181.5745.9 3.8 137.3724.2 5.0 21.574.6 31.9
H2O extract 981.37218.3 1058.47163.3 – 41090.2 – 263.4779.6 3.7
Fr. A 964.47154.2 41207.2 – 177.8761.6 5.4 301.5767.3 3.2
Fr. B 41060.3 424.6787.8 42.5 91.1722.3 411.6 17.376.6 461.3
Fr. C 855.27193.3 90.7710.7 9.4 43.178.3 19.8 72.9713.3 11.7
Fr. D 892.6799.9 153.1754.1 5.8 30.976.2 28.9 30.376.1 29.5
Fr. E 582.7779.0 4949.7 – 467.3768.5 1.2 540.3786.7 1.1
Fr. F 979.5785.1 561.2776.2 1.7 153.3774.2 6.4 4278.4 –

Fr. G 524.2789.8 284.4788.1 1.8 256.9754.7 2.0 4211.3 –

Fr. H 467.2751.2 41046.6 – 41046.6 – 4288.9 –

Tenofovir b 42877.0 42877.0 – 2800.37251.5 41.0 0.970.2 43196.7

a Data were expressed as mean7S.D. (n¼3).
b Tenofovir, an antiviral agent used as a positive control.
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Fig. 1. The base peak chromatogram (BPC) of the fraction B-1-2-1.

Table 2
The assignments of the detected peaks in LC-MS analysis.

Peaks MS
[MþH]þ

MS2 MS3 Molecular
formula

Tentative
assignment

1 233.1531 – – C15H20O2 sesquiterpene
2 235.1682 217.1561 – C15H22O2 sesquiterpene
3 303.0863 285.0725 267.0644 C16H14O6 flavonoid

271.0611
4 439.3552 421.3388 393.3508 C30H46O2 triterpene
5 153.0552 125.0584 – C8H8O3 phenol
6 195.1375 177.1350 – C12H18O2 unknow
7 279.1571 205.0857 149.0172 C16H22O4 phthalic acid

ester
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2.4.2. 14-Hydroxy cyperotundone (2)
Colorless oil; α½ �24D þ10.1 (c 0.1, MeOH); CD (c¼0.94 mmol/L,

dioxane): λmax (Δε) 236 (þ32.7), 313 (�2.4) nm; UV (MeOH) λmax

(lg ε): 243 (3.56) nm; IR (KBr) νmax: 3424, 1698, 1657, 1384 cm�1;
HR-ESI-MS (þ) m/z 235.1681 [MþH]þ (calcd for 235.1693); 1H
and 13C NMR data see Tables 2 and 3.

2.4.3. 14-Acetoxy cyperotundone (3)
Colorless oil; α½ �24D �7.3 (c 0.05, MeOH); CD (c¼1.63 mmol/L,

dioxane): λmax (Δε) 233 (þ41.6), 319 (�2.5) nm; UV (MeOH) λmax

(lg ε): 241 (3.98) nm; IR (KBr) νmax: 1743,1707,1666,1265,1230 cm�1;
HR-EI-MS (þ) m/z 276.1720 [M]þ (C17H24O3, calcd for 276.1725), m/z
216 [M – HOAc]þ; 1H and 13C NMR data see Tables 2 and 3.

2.4.4. 3β-Hydroxycyperenoic acid (4)
Colorless oil; α½ �24D �4.2 (c 0.1, MeOH); UV (MeOH) λmax (lg ε): 227

(3.81) nm; IR (KBr) νmax: 3425,1695,1650,1384 cm�1; HR-ESI-MS (þ)

m/z 251.1630 [MþH]þ (calcd for 251.1642), m/z 249.1488 [M – H]þ

(calcd for 249.1496); 1H and 13C NMR data see Tables 2 and 3.

2.4.5. Sugetriol-3, 9-diacetate (5)
Colorless oil; α½ �24D þ23.9 (c 0.05, MeOH); UV (MeOH) λmax (lg

ε): 209 (4.59) nm; IR (KBr) νmax: 3438, 1731, 1707, 1243 cm�1; HR-
ESI-MS (þ) m/z 359.1833 [MþNa]þ (calcd for 359.1829); 1H and
13C NMR data see Tables 2 and 3.

2.5. Bioassay

2.5.1. cytotoxicity assay
To assess the cytotoxic effects, the modified method of the

Mosmann-based MTT assay was performed to determine the cell
viability as described in a previous report (Mosmann, 1983).

Fig. 2. The structures of compounds 1–37 isolated from the rhizomes of C. rotundus.
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2.5.2. Assays of HBsAg and HBeAg
HBsAg and HBeAg in the culture medium were analyzed using

a ELISA kit according to the instructions. The inhibition rates (%)
were calculated by the following formula:

inhibition ratio %ð Þ ¼ A controlð Þ�A sampleð Þ� �
= A controlð Þ–A blankð Þ� �

�100

2.5.3. Assay for HBV DNA replication
The assay of HBV DNA replication was performed according to

our previous report (Geng et al., 2011) (detailed procedure was
provide in Supporting information).

2.5.4. Statistical analysis.
The results were expressed as the mean7standard deviation

from 3 independent experiments. Data analyses were performed
using the Independent Sample t test. The level of significance was
considered as Po0.05.

3. Results and discussion

3.1. Identification of compounds 6–37

The LC-MS guided isolation of the ethanol extract of rhizomes of
C. rotundus afforded 37 sesquiterpenoids, including five new
patchoulane-type sesquiterpenoids (1–5) (Fig. 2). The known com-
pounds 6–37 were identified as cyperenol (6) (Jacobs et al., 1987),
cyperenoic acid (7) (Boonyarathanakornkit et al., 1988), cyperotun-
done (8) (Hikino et al., 1965, 1966), sugeonol (9) (Hikino et al.,
1968a), scariodione (10) (Hikino et al., 1968a), sugetriol triacetate
(11) (Xu et al., 2009), α-cyperone (12) (Naya et al., 1990), (4aS, 7S),-7-
hydroxy-1, 4a-dimethyl-7-(prop-1-en-2-yl),-4, 4a, 5, 6, 7, 8-
hexahydronaphthalen-2 (3H),-one (13) (Nozaki et al., 1995), (4aS,
7S, 8R),-8-hydroxy-1, 4a-dimethyl-7-(prop-1-en-2-yl), -4, 4a, 5, 6, 7,
8-hexahydronaphtha-len-2 (3H), -one (14) (Nozaki et al., 1995),
cyperol (15) (Sun et al., 2000), 1β-hydroxy-α-cyperone (16) (Sanz
and Marco, 1990), 10-epieudesm-11-ene-3β, 5α-diol (17) (Huffman
et al., 1980), 3β-hydroxyilicic alcohol (11 (13),-eudesmene-3, 4, 12-
triol) (18) (Zhang et al., 2007), cyperusol C (19) (Xu et al., 2004),
α-corymbolol (20) (Nyasse et al., 1988), 3β, 4α-dihydroxy-7-epi-
eudesm-11 (13), -ene (21) (Ahmed et al., 1998), 2-oxo-α-cyperone
(22) (Murai et al., 1982), 7α (H), 10β-eudesm-4-en-3-one-11,12-diol
(23) (Hikino et al., 1975), rhombitriol (24) (Rukachaisirikul et al.,

2005), 7-epi-teucrenone (25) (Fraga et al., 1995), α-rotunol (26)
(Hiking et al., 1971), nootkatone (27) (Gliszczyńska et al., 2011),
12-hydroxynootkatone (28) (Xu et al., 2013), oxyphyllol C (29)
(Morikawa et al., 2002), 5-hydroxylucinone (30) (Chiu et al., 2001),
oplopanone (31) (Carvalho et al., 2003), 10-hydroxyamorph-4-en-3-
one (32) (Wu et al., 2007), cyperusol D (33) (Xu et al., 2004), 2-
hydroxy-14-calamenenone (34) (Morimoto et al., 2009), 1-isopropyl-
2, 7 dimethylnaphthalene (35) (Qin et al., 2006), argutosine D (36)
(Fu et al., 2010), 4, 5-seco-guaia-1 (10), 11-diene-4, 5-dioxo (37)
(Jiang et al., 2011) by comparing their spectral data with literatures.
It is worth mentioning that compounds 2 and 3 are the first
examples of cyperotundone-type sesquiterpenoids with a hydroxyl
group at C-14 position. In addition, compounds 17 and 30 were
isolated from a natural source for the first time, and compounds 18,
21, 23–25, 28–29, 31–32, 34–37 were discovered from the genus
Cyperus for the first time.

3.2. Structural elucidation of new compounds

Compound 1 was obtained as a colorless prismatic crystal and
had a molecular formula of C15H20O2 based on a pseudo-molecular
ion peak at m/z 233.1531 [MþH]þ (calcd: 233.1536) in HR-ESI-MS.
It had two bands at 1704 and 1666 cm�1 with practically equal
intensity in the IR spectrum as well as a maximum absorption at
241 nm ( log ε 3.91) in UV spectrum, revealed a fully-substituted α,
β-unsaturated ketone in a five-membered ring (Hikino et al.,
1966). The 1H NMR spectrum of 1 showed some signals (Table 3)
in accordance with patchoulane-type sesquiterpenoids, namely
the two geminal methyl groups (1.04, 3H, s, H-12) and (0.86, 3H, s,
H-13), one methyl group (H-15) at δH 0.78, appearing as a doublet
(3H, J¼6.1 Hz) and coupling with the methine proton H-10 (2.39,
1H, m), as well as the vinyl methyl group (H-14) at δH 1.77,
appearing as a singlet. The 13C NMR spectrum of 1 displayed 15
carbon resonances (Table 4) involving four methyl groups, three
methylene groups, two methine groups, and six quaternary carbon
atoms. The carbon signals in the down-fielded region indicated
two carbonyl (δC 211.6 and 209.6) and two sp2 carbons (δC 177.1
and 135.5). The NMR data of compound 1 were similar to these of
the known compound cyperotundone (Sun et al., 2000) except for
the absence of one methine group and the appearance of one
carbonyl group in 1. The carbonyl group was suggested at C-8,
which was confirmed by the correlations from δH 2.39 (H-10)/2.77
(H-6a)/2.56 (H-6b) to δC 211.6 (C-8) in the HMBC spectrum, and by
1H–1H COSY correlations of δH 0.78 (H-15)/2.39 (H-10)/1.97 (H-9b)
and δH 2.50 (H-7) / 2.77 (H-6a) (Fig. 3).

Table 3
1H NMR data for compounds 1–5 in CDCl3 (δ in ppm, J in Hz).

NO. 1 2 3 4 5

2a 2.25, d (18.8) 2.16, d (17.5) 2.16, d (16.4) 2.04, dd (13.2, 6.4) 2.12, dd (13.2, 6.4)
2b 2.19, d (18.8) 2.07, d (17.5) 2.06, d (16.4) 1.58, dd (13.2, 7.2) 1.45, dd (13.2, 6.8)
3 5.30, dd (7.2, 6.4) 5.88, dd (6.8, 6.4)
6a 2.77, dd (19.5, 6.5) 2.72, dd (19.4, 6.3) 2.77, dd (19.6, 6.6) 2.83, dd (19.6, 5.9) 4.77, d (5.4)
6b 2.56, d (19.5) 2.39, d (19.4) 2.40, d (19.6) 2.28, d (19.6)
7 2.50, br d (6.5) 1.99, m 1.95, overlap 1.97, m 2.05, overlap
8a 1.96, overlap 1.93, dd (13.0, 6.4) 1.90, m 2.25, ddd (13.2, 7.2, 3.6)
8b 1.41, m 1.40, m 1.38, m 1.66, ddd (13.2, 10.5, 3.0)
9a 2.42, dd (15.0, 4.8) 1.61, m 1.59, m 1.56, m 4.63, ddd (10.5, 7.2, 3.6)
9b 1.97, dd (15.0, 10.8) 1.04, m 1.01, m 1.03, overlap
10 2.39, m 2.21, m 2.17, m 2.10, m 2.15, dq (7.2, 6.8)
12 1.04, s 1.11, s 1.09, s 1.02, s 1.05, s
13 0.86, s 0.78, s 0.75, s 0.89, s 0.82, s
14a 1.77, s 4.38, d (14.6) 4.75, d (13.2) 1.73, s
14b 4.34, d (14.6) 4.73, d (13.2)
15 0.78, d (6.1) 0.64, d (6.4) 0.60, d (6.4) 0.73, d (6.5) 0.83, d (6.8)
OOCMe 2.05, s 2.04, s
OOCMe 2.07, s
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The methyl group at C-15 was assigned as α-orientation by
correlations of δH 1.04 (H-12)/2.39 (H-10) in NOESY spectrum. This
conclusion was also supported by the coupling constant of H-10
and H-9b (J¼10.8 Hz) indicating that H-10 was axial (Fig. 3).
In addition, the absolute stereochemistry was determined to be
identical with that of cyperotundone (Hikino et al., 1968b) based
on their ECD spectrum with similar Cotton effects (see Fig. s1 in
Supporting Information). Therefore, the structure of compound 1
was established as cyperene-3, 8-dione.

Compound 2 was obtained as a colorless oil and had a
molecular formula of C15H22O2 based on the quasi-molecular ion
peak at m/z 235.1681 [MþH]þ (calcd: 235.1693) in HR-ESI-MS.
The IR spectrum showed absorption bands at 3424 cm�1 (hydro-
xyl group), 1698, 1657 cm�1 (cyclopentenone) and 1384 cm�1

(methylene adjacent to carbonyl). Preliminary inspection of the
1H NMR spectrum of 2 revealed signals of patchoulane-type
sesquiterpene, namely two geminal methyl groups at δH 1.11 (H-
12) and 0.78 (H-13), and one methyl group appeared as a doublet
at δH 0.64 (H-15, d, J¼6.4 Hz) (Table 3). 13C NMR data (Table 4) for
2 indicated 15 carbon signals including three methyl groups, four
methylene groups and one oxymethylene carbon (δC 56.4, t), two

methine groups, as well as five quaternary carbons. Compound 2
showed high accordance with 1 except for the presence of one
additional hydroxylmethyl group and the absence of a vinyl
methyl and a carbonyl groups. The hydroxylmethyl group was
proposed at C-4 position by the correlations of δH 4.38 (H-14a) /
4.34 (H-14b) to δC 211.1 (C-3)/184.1 (C-5) in HMBC experiment
(Fig. 3) C-15 was assigned to be α-orientation based on the NOESY
correlations of δH 2.21 (H-10) to 1.11 (H-12). Finally, The absolute
configuration of C-10 was determined by comparing CD spectra of
cyperotundone with compound 1 (see Fig. s1 in Supporting
information). Thus, compound 2 was elucidated as 14-hydroxy
cyperotundone.

Compound 3 was isolated as a colorless oil and had a molecular
formula C17H24O3 based on the quasi-molecular ion peak at m/z
276.1720 [M]þ (cacld for 276.1725) in HR-EI-MS. The proton and
carbon signals (Tables 3 and 4) of 3 exhibited strong similarities
with those of compound 2, except for an additional acetoxyl group
(δH 2.05 and δC 171.1, 21.1) in 3. The presence of one acetoxyl group
in 3 was also supported by EI-MS spectrum which showed a
fragment ion peak at m/z 216 corresponding to [M – AcOH]þ ion.
The acetoxyl group was proposed to be linked with C-14 by HMBC
correlations of δH 4.75 (H-14a)/4.73 (H-14b) to δC 171.1 (COOCH3).
This conclusion was also supported by the correlations of δH 0.60
(H-15)/2.17 (H-10)/1.59 (H-9a)/1.40 (H-8b)/1.95 (H-7)/2.77 (H-6a)
in the 1H–1H COSYspectrum.

The NOESY experiment confirmed the same relative configura-
tion of C-10 in 3 and 2. The ECD spectra of 3 and 2 (see Fig. s1 in
Supporting information) were almost identical, which indicated
the same absolute configuration. Therefore, compound 3 was
elucidated as 14-acetoxy cyperotundone (Fig. 3).

Compound 4 had a molecular formula of C15H22O3 based on m/z
251.1630 [MþH]þ (calcd for 251.1642) and m/z 249.1488 [M � H]þ

(calcd for 249.1496) in HR-ESI-MS. The absorption bands at 3425 and
1650 cm�1 in the IR spectrum indicated the presence of hydroxyl
and alkenyl groups. 1H NMR spectrum of 4 (Table 3) showed two
methyl singlets at δH 1.02 and 0.89, one doublet methyl at δH 0.73
(3H, d, J¼6.5 Hz) and one O-bearing methine at δH 5.30. Its 13C NMR
spectrum displayed 15 carbons corresponding to three methyls, four
methylenes, three methines and five quaternary carbons. The 13C
NMR data (Table 4) were similar with those of the known compound
cyperenoic acid (Boonyarathanakornkit et al., 1988), except for the

Table 4
13C NMR data for compounds 1–5 in CDCl3 (δ in ppm).

NO. 1 2 3 4 5

1 58.6, s 59.5, s 59.9, s 65.8, s 62.1, s
2 40.9, t 41.6, t 41.8, t 36.4, t 36.6, t
3 209.6, s 211.1, s 209.0, s 79.8, d 85.1, d
4 135.5, s 135.9, s 132.3, s 124.9, s 134.2, s
5 177.1, s 184.1, s 187.2, s 175.6, s 146.6, s
6 29.8, t 30.5, t 31.1, t 31.4, t 68.1, d
7 61.1, d 45.5, d 45.6, d 46.8, d 52.7, d
8 211.6, s 26.8, t 26.9, t 26.7, t 27.6, t
9 43.6, t 28.2, t 28.4, t 28.0, t 75.2, d
10 34.1, d 33.9, d 34.2, d 35.1, d 40.0, d
11 44.2, s 41.6, s 41.9, s 41.8, s 41.4, s
12 20.0, q 19.5, q 19.7, q 19.3, q 20.4, q
13 23.8, q 24.8, q 25.1, q 26.2, q 25.5, q
14 8.4, q 56.4, t 57.0, t 170.0, s 10.7, q
15 16.5, q 16.7, q 16.9, q 18.1, q 14.2, q
COOMe 171.1, s 170.8, 170.8, s
COOMe 21.1, q 21.1, 21.3, q

Fig. 3. The selected correlations of compounds 1–5.

H.-B. Xu et al. / Journal of Ethnopharmacology 171 (2015) 131–140136



obvious down-fielded shift of C-3 from δC 36.3 in cyperenoic acid to
79.8 in 4, indicating one additional hydorxyl group at C-3. The
deduction was also verified by the fragment ion at m/z 233.1502
[M � H2OþH]þ in the HR-ESI-MS, and the 1H–1H COSYcorrelations
of δH 5.30 (H-3) to 2.04 (H-2a)/1.58 (H-2b). The ROESY correlations of
δH 0.73 (H-15)/5.30 (H-3)/2.04 (H-2a), and 2.10 (H-10)/1.58 (H-2b)/
1.02 (H-12), indicated the β-orientation at OH-3 and α-orientation at
C-15, which was in consistence with the known compounds sugebiol
and cyperenoic acid from the same plant (Xu et al., 2009). As a result,
compound 4 was determined as 3β-hydroxycyperenoic acid (Fig. 3).

Compound 5 had a quasi-molecular ion peak at m/z 359.1833
[MþNa]þ (calcd for 359.1829) in the positive HR-ESI-MS, indicat-
ing the molecular formula of C19H28O5 with six1 of unsaturation.
Its IR spectrum displayed the absorption for hydroxyl (3438 cm�1)
and carbonyl (1731 and 1707 cm�1) groups. Comparison of the 1H
NMR and 13C NMR signals (Tables 3 and 4) of 5 with those in the
literatures (Xu et al., 2009) suggested that 5 was a cyperene-
related analog with patchoulane skeletone. In HR-ESI-MS, which
the sequential loss of AcOH (m/z 277.1767 and 217.1553) and loss of
H2O (m/z 319.1887) indicated the presence of two acetoxyl and one
hydroxyl groups in 5. The assignments of acetoxyl and hydroxyl
groups were performed by 2D NMR techniques as follows. In
HMBC spectrum, the correlations of δH 5.88 (H-3) to 170.8 (the
first COOCH3) and 4.63 (H-9) to 170.8 (the second COOCH3)

indicated that two acetoxyl groups were linked to C-3 and C-9,
respectively. Meanwhile, the hydroxyl group was located at C-6 by
the HMBC correlations of δH 4.77 (H-6) to 134.2 (C-4)/27.6 (C-8)/
41.4 (C-11). This deduction was also supported by the 1H–1H COSY
correlations of δH 0.83 (H-15) / 2.15 (H-10) / 4.63 (H-9) / 2.25 (H-
8a) / 2.05 (H-7) / 4.77 (H-6) and 2.12 (H-2a) / 5.88 (H-3).

The relative configuration of 5 was established on the basis of
sugetriol and sugetriol triacetate of known absolute configuration,
which were the components of the rhizomes of C. rotundus (Xu et
al., 2009). Therefore, the structure of compound 5 was established
as sugetriol-3, 9-diacetate (Fig. 3).

3.3. Anti-HBV activity assays of sesquiterpenoids from rhizomes of C.
rotundus

3.3.1. Cytotoxic analyses of compounds 1–37
To identify whether inhibitory activity was due to the cyto-

toxicity of the tested compounds, the cell viability of HepG2.2.15
was determined with MTT method by serial 1:5 dilutions of
compounds 1–37. As shown in Table 5, the 11 patchoulane-type
sesquiterpenoids (1–11), except for compound 7, exhibited low
cytotoxicity to HepG2.2.15 cells with CC50 values ranging from
1217.27133.1 to 4229.17313.7 μM for 72 h of incubation. Com-
pared with compound 4, compound 7 had a strong cytotoxicity to

Table 5
Anti-HBV activities of compounds 1–37.

Compounds CC50 (μM) HBsAg HBeAg HBV DNA

IC50 (μM) SI IC50 (μM) SI IC50 (μM) SI

1 2418.07151.8a 1698.17324.2 1.4 745.17105.2 3.2 207.078.7 11.7
2 2164.17328.4 1115.2777.3 1.9 162.5718.9 13.3 212.0718.8 10.2
3 3218.07422.6 1073.27131.4 3.0 1260.87266.9 2.6 223.8719.2 14.4
4 1446.87167.5 46.6714.3 31.0 606.67120.9 2.4 599.4748.7 2.4
5 1217.27133.1 750.3776.8 1.6 411.37119.9 3.0 447.3742.5 2.7
6 1356.4782.9 473.9770.5 2.9 42999.5 – 56.8717.1 23.9
7 129.2710.1 77.2713.0 1.7 1210.27101.1 – 74.777.2 1.7
8 4229.17313.7 3143.97830.0 1.3 399.2790.0 10.6 156.5724.6 27.0
9 1710.77161.9 3010.07660.9 – 643.37124.2 2.7 4910.7 –

10 2370.27127.1 1983.37135.2 1.2 43639.1 – 549.8715.9 4.3
11 1982.97213.4 43960.6 – 43960.6 – 4990.2 –

12 1417.87364.9 524.6774.2 2.7 274.7770.8 5.2 4631.2 –

13 921.27150.7 465.0765.7 2.0 44378.6 – 426.0712.6 2.2
14 2299.27421.9 1250.2772.0 1.8 43259.3 – 181.6710.9 12.7
15 2273.47383.0 915.6776.6 2.5 313.9787.5 7.2 42.775.9 53.2
16 1535.17127.6 45765.5 – 447.4757.4 3.4 22.571.9 68.2
17 3305.87511.7 1607.17257.8 2.1 334.0770.4 9.9 13.271.2 250.4
18 999.07112.8 42767.3 – 42767.3 – 10.170.7 98.9
19 1068.0784.9 1598.27114.9 – 43627.5 – 14.171.1 75.7
20 1326.6797.2 43340.1 – 43340.1 – 15.372.7 86.7
21 1731.87116.8 43534.4 – 43534.4 – 13.870.9 125.5
22 1199.47100.8 367.9765.3 3.3 42649.8 – 222.5719.2 5.4
23 45112.5 45112.5 – 1802.57132.4 42.8 19.772.1 4259.6
24 1517.77108.7 43045.6 – 43045.6 – 11.970.6 127.5
25 4437.67776.1 1293.97267.4 3.4 285.3720.9 15.5 351.9740.2 12.6
26 4345.17553.0 1375.67150.7 3.2 3323.97462.4 1.3 482.1730.9 9.0
27 1183.07120.2 1168.17127.4 1.0 45752.7 – 251.0721.9 4.7
28 1245.27113.1 773.37133.9 1.6 1563.47112.7 – 73.2716.3 17.0
29 1108.87138.9 595.47120.6 1.9 43134.0 – 139.8711.4 7.9
30 1297.27106.3 43578.4 – 43578.4 – 569.67115.3 2.3
31 2563.77451.7 1506.17105.8 1.7 45407.1 – 983.97148.6 2.6
32 3535.27608.8 786.07124.4 4.5 44411.0 – 672.3792.9 5.3
33 3471.37413.7 1418.7770.1 2.4 740.5767.0 4.7 574.17141.2 6.0
34 1617.87127.2 2125.87128.6 – 43760.0 – 916.07143.8 1.8
35 1856.87299.8 43835.2 – 43835.2 – 4958.8 –

36 1848.27138.4 2595.77 383.1 – 43533.1 – 883.3740.9 2.1
37 1343.07106.9 3674.47 458.6 – 45289.3 – 1160.87105.6 1.2
Tenofovir b 41740.8 41740.8 – 41740.8 – 3.870.4 4458.1

a Data were expressed as mean7S.D. (n¼3).
b Tenofovir, an antiviral agent used as the positive control.
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HepG2.2.15 cells with CC50 value of 129.2710.1 (Fig. 4A), suggest-
ing that the carboxyl group might increase the cytotoxicity and
hydroxyl group situated at C-3 decrease the effect. In the MTT
assay, 15 eudesmane-type sesquiterpenoids (12–26) showed low
cytotoxicity to HepG2.2.15 cells (CC50Z921.27150.7), of which,
compound 23 showed no obvious cytotoxicity even at a high
concentration of 5112.5 μM, the inhibitory rate was only
40.777.1% (Fig. 4B). For the 11 other types of sesquiterpenoids,
the CC50 values were 1108.87138.9 to 3535.27608.8 μM.

3.3.2. Anti-HBV activities of compounds 1–37
The anti-HBV activities of compounds 1–37 were evaluated in

HepG2.2.15 cells, and tenofovir, a clinical anti-HBV agent, was used
as the positive control. The anti-HBV results were summarized in
Table 5. The anti-HBV activity was expressed as the IC50 values of
HBsAg, HBeAg, and HBV DNA replication.

As shown in Table 5, the patchoulane-type sesquiterpenoids
(1–11) generally exhibited moderate anti-HBV potency. Compounds
4 and 7 with a carboxyl group at the C-4 position showed significant
activities against the HBsAg secretion in a dose-dependent manner
(Po0.05, Fig. 5) with IC50 values of 46.6714.3 (SI¼31.0) and
77.2713.0 (SI¼1.7) μM, respectively, and moderate activities against
HBeAg secretion (IC50¼606.67120.9, 1210.27101.1 μM) and HBV
DNA replication (IC50¼599.4748.7 and 74.777.2 μM). The above
results suggested that the carboxyl group at the C-4 position was
important for maintaining anti-HBV property. Among all the com-
pounds tested, compound 2 showed a noticeable activity against the
secretion of HBeAg (IC50¼162.5718.9 μM) with a high SI value of
13.3. Compared with compound 2, compound 8with the replacement
of hydroxymethyl moiety to be methyl exhibited a decreased activity
against the secretion of HBeAg (IC50¼399.2790.0 μM, SI¼10.6). Two
cyperene derivatives (compounds 6 and 7) without substitution
at C-3 showed better activities against HBV DNA replication
(IC50¼56.8717.1 and 74.777.2 μM than other patchoulane-type
sesquiterpenoids, suggesting that the substitution on C-3 was unfa-
vorable for suppressing HBV DNA replication. Compound 11 with all
the hydroxyl groups acetylized lost the anti-HBV activity indicating
the importance of the free hydroxyl groups.

Compared with the patchoulane-type sesquiterpenoids (1–11),
the eudesmane-type sesquiterpenoids (12–26) generally exhibited
remarkable activities against HBV DNA replication. Among them,
compounds 15–21 and 23–24 possessed potent activity against
HBV DNA replication with IC50 values ranging from 10.170.7 to
42.775.9 μM, and SI values from 53.2 to higher than 259.6. It is
worth noting that the most active compound 18 (Fig. 6A) could
inhibit 34.675.7%, 56.5711.3%, 92.4719.6% and 97.6714.7%
HBV DNA replication at the concentrations of 3.8, 15.2, 60.8 and
243.2 μM, respectively. Similarly, compound 24 (Fig. 6B) had the

inhibitory rates of 23.178.9%, 51.5710.5%, 65.877.9% and
95.7713.8% at the concentrations of 3.2, 12.8, 51.2 and
204.8 μM, respectively. Compared to compounds 13–26 (IC50
values ranged from 10.170.7 to 482.1730.9 μM), compound 12
(IC504631.2 μM) without hydroxyl group in the structure showed
no inhibition on HBV DNA replication, indicating that the intro-
duction of hydroxyl groups could increase anti-HBV activity.
Meanwhile, compounds 12, 15, 17, 25 and 26 possessed moderate
activities suppressing the secretions of HBsAg and HBeAg, with the
IC50 values of 524.6774.2, 915.6776.6, 1607.17257.8,
1293.97267.4 and 1375.67150.7 μM for HBsAg, and the IC50

values of 274.7770.8, 313.9787.5, 334.0770.4, 285.3720.9 and
3323.97462.4 μM for HBeAg, respectively. Compound 25
(SI¼15.5 for HBeAg) with a hydroxyl group at C-7 possessed
obviously higher SI value than its isomer 26 (SI¼1.3 for HBeAg)
with a hydroxyl group at C-5 (Table 5).

Three eremophilane-type sesquiterpenoids (27–29) demon-
strated moderate activities against HBV DNA replication with
IC50 values of 251.0721.9, 73.2716.3, 139.8711.4 μM, respec-
tively. Moreover, compound 28, with a hydroxyl group attached to
C-13 showed high activity against the secretions of HBsAg
(IC50¼773.37133.9 μM) and HBeAg (IC50¼1563.47112.7 μM),
while compound 27 exhibited only moderate activity against the
secretion of HBsAg (IC50¼1168.17127.4 μM) and lost the activity
against the secretion of HBeAg, suggesting the importance of the
hydroxyl group associated to the anti-HBeAg activity.

Compounds 30–37 with various structures generally exhibited
weak to moderate anti-HBV potency. Among them, compound 33
exhibited inhibitory activity on both HBsAg (IC50¼1418.7770.1 μM)
and HBeAg (IC50¼740.5767.0 μM), while compounds 30 and 35
showed no activity against HBsAg and HBeAg. Compounds 30–34
and 36–37 possessed potent activities against HBV DNA replication
with IC50 values ranging from 569.67115.3 to 1160.87105.6 μM.

4. Conclusion

In summary, the present study reported the isolation of five
new patchoulane-type sesquiterpenoids (1–5), along with 32
known sesquiterpenoids by various chromatographic methods
under the guide of LC-MS technique. Their structures were
elucidated on the basis of extensive spectroscopic analyses of the
MS, IR, 1D and 2D NMR data. Compounds 2 and 3 are the first
examples of cyperotundone-type sesquiterpenoids with a hydro-
xyl group at C-14 position. Compounds 17 and 30 were isolated
from the natural source for the first time, and compounds 18, 21,
23–25, 28–29, 31–32, 34–37 were discovered from the genus
Cyperus for the first time. The anti-HBV activities of all isolates
were evaluated on HepG2.2.15 cell line in vitro resulting in 23

Fig. 4. Cytotoxic analyses of compounds 7 (A) and 23 (B). Data were expressed as mean7S.D. (n¼3).
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compounds against HBsAg, 15 compounds against HBeAg, and 33
compounds against HBV DNA replication. Importantly, two
patchoulane-type sesquiterpenoids (compounds 4 and 7) pos-
sessed moderate activities against HBsAg secretion with IC50

values of 46.6714.3 (SI¼31.0) and 77.2713.0 (SI¼1.7) μM. Nine
eudesmane-type sesquiterpenoids (compounds 15–21 and 23–24)
could inhibit the HBV DNA replication with IC50 values ranging
from 10.170.7 to 42.775.9 μM, and SI values in the range of 53.2
to 4259.6. The results suggested that eudesmane-type sesquiter-
penoids rich in this plant possessed potent activity against HBV
DNA replication and might contribute to the anti-HBV activity of
the ethanol extract. This is the first report of the anti-HBV
constituents of C. rotundus, which supports the use of rhizomes
of C. rotundus as anti-HBV agents.
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