
Contents lists available at ScienceDirect

Bioorganic Chemistry

journal homepage: www.elsevier.com/locate/bioorg

Chemical constituents from Lonicera japonica flower buds and their anti-
hepatoma and anti-HBV activities
Lanlan Gea,b,c,1, Lingyun Xiaoa,b,c,1, Haoqiang Wana,d, Jiemei Lia,d, Kongpeng Lvb,c,
Shusong Pengd, Boping Zhoua, Tiyuan Lie,⁎, Xiaobin Zenga,b,d,⁎

a Center Lab of Longhua Branch, Shenzhen People’s Hospital, 2nd Clinical Medical College of Jinan University, Shenzhen 518120, Guangdong Province, China
b Department of Infectious Disease, Shenzhen People’s Hospital, 2nd Clinical Medical College of Jinan University, Shenzhen 518120, Guangdong Province, China
c Integrated Chinese and Western Medicine Postdoctoral Research Station, Jinan University, Guangzhou 510632, Guangdong Province, China
d Department of Pathology (Longhua Branch), Shenzhen People’s Hospital, 2nd Clinical Medical College of Jinan University, Shenzhen 518120, Guangdong Province,
China
e Shenzhen Infectious Disease Medicine Engineering Center, Shenzhen People's Hospital, 2nd Clinical Medical College of Jinan University, Shenzhen 518120, Guangdong
Province, China

A R T I C L E I N F O

Keywords:
Lonicera japonica
Monoterpenoid
Anti-hepatoma activity
Anti-HBV activity

A B S T R A C T

Three new naturally occurring monoterpenoids, japopenoid A (1), japopenoid B (23) japopenoid C (24), and one
new caffeoylquinic acid derivative (28), together with thirty-one known compounds (2–22, 25–27, 29–35),
were isolated and identified from the flower buds of Lonicera japonica Thunb. Their structures were determined
by extensive 1D and 2D NMR spectroscopic methods, high-resolution mass spectrometry, and the absolute
configurations of 1, 23, 24 were determined by comparison of their electronic circular dichroism (ECD) spec-
trum with literature and theoretical calculation. Structurally, compound 1 is a monoterpenoid featured with an
unusual tricyclic skeleton. All compounds (1–35) were evaluated for their cytotoxicities against human liver
cancer cell lines (HepG 2 and SMMC-7721). Compound 12 exhibited the most potent activity with IC50 values of
26.54 ± 1.95 and 8.72 ± 1.57 μg/ml against HepG 2 and SMMC-7721, and the IC50 values of compound 13
were 26.54 ± 1.95 and 12.35 ± 1.43 μg/ml, respectively. Western blot results further proved that compound
13 induces hepatoma cell apoptosis via the intrinsic apoptosis pathway. In addition, most terpenoids showed
inhibitory activity against HBsAg and HBeAg secretion, and HBV DNA replication. In particular, 25 μg/mlof
compound 11 inhibits HBsAg and HBeAg secretion, and HBV DNA replication by 39.39 ± 5.25, 15.64 ± 1.25,
and 16.13 ± 4.10% compared to the control (p < 0.05). These results indicated that L. japonica flower buds
could be served as functional food for anti-hepatoma and anti-HBV activities.

1. Introduction

Liver cancer is comprised of a malignant tumor that occurs in the
liver and represents a major source of morbidity and mortality world-
wide [1]. Among primary liver cancers, hepatocellular carcinoma (HCC)
represents the major histological type and likely accounts for 70–85% of
cases [2]. Cirrhosis precedes most cases of HCC, compared to other
causes of cirrhosis, and hepatitis B virus (HBV) infection is associated
with a higher risk of developing HCC [3,4]. According to the statis-
tics, HBV infection accounts for up to 54% of HCC cases globally [5].
Since HBV infection is closely related to the occurrence of liver cancer
[6], the treatments for HBV and HCC are equally important.

Jin Yin Hua, the flower buds of Lonicera japonica Thunb., have been
used for traditional Chinese medicine in China or for food therapy (such
as tea) in Korea and China for many years [7,8]. Our previous studies
have already confirmed that L. japonica flower buds contain abundant
compounds with anti-HBV and anti-hepatoma activities [9,10]. As part
of the ongoing search for promising new anti-HBV and anti-hepatoma
compounds from L. japonica flower buds, four new compounds (1, 23,
24, 28), together with 31 known compounds, were isolated and iden-
tified. Their structures were shown in Figs. 1 and 2. The details of the
structural determination of new compounds as well as the anti-hepa-
toma and anti-HBV activities of most compounds are described herein.
In addition, Western blot studies were performed to investigate the
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mechanism of action of the active compounds with anti-hepatoma ac-
tivity.

2. Experiment

2.1. General experimental procedures

Nuclear magnetic resonance (NMR) spectra were recorded on a
Bruker DPX-400 spectrometer using standard Bruker pulse programs
(Bruker, Karlsruhe, Germany). Chemical shifts are shown as δ-values
with reference to tetramethylsilane (TMS) as an internal standard.
High-resolution ESI-MS (HR-ESIMS) was measured on a Bruker
microTOF-QⅡ mass spectrometer (Bruker, Karlsruhe, Germany).
Optical rotations were measured using a WZZ-2B automatic digital
polarimeter (Shanghai INESA Physico Optiacal Instrument Co. Ltd.,
Shanghai, China). UV absorption spectra were recorded on a NanoDrop
OneC (Thermo Scientific) from 190 to 850 nm. ECD spectra were re-
corded on a Chirascan (Applied Photophysics Ltd, England). Sephadex
LH-20 (GE, America), silica gel (Qingdao Ocean Chemical Co., Ltd,
Qingdao, China), and ODS (40–63 μm, Merck, Darmstadt, Germany)
were used for column chromatography. Thin-layer chromatography
(TLC) was carried out on silica gel 60 F254 (Qingdao Ocean Chemical
Co., Ltd., Qingdao, China), and spots were visualized by spraying the
plates with 10% H2SO4 in EtOH and heating them at 105 °C.
Preparative high-performance liquid chromatography (HPLC) was car-
ried out on an EasyChrom 3.2.8.0 system (Guangzhou Ruibai
Instrument Technology Co. Ltd., Guangzhou, China) and an octadecyl
silica (ODS) column (Cosmosil 5C18-MS-II, 5 μm, 20 × 250 mm, Nacalai
Tesque, Kyoto, Japan). The 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) was purchased from Solarbio (Beijing,
China). The anti-human BCL-2, BAX, BAK, and Tublin were obtained
from Cell Signaling Technology (Danvers, MA, USA). Diagnostic kits for
HBsAg and HBeAg were purchased from Abbott Trading Shanghai Co.
Ltd. (Shanghai, China), and a diagnostic kit for HBV DNA was pur-
chased from Hunan Shengxiang Jiancheng Biotechnology Co. Ltd.
(Hunan, China). The HPLC-grade methanol was purchased from Sigma-
Aldrich Co. (St. Louis, USA). All other analytical chemicals were ob-
tained from Shanghai Chemical Reagents Co., Ltd (Shanghai, China).

2.2. Plant materials

The L. japonica flower buds were collected in May 2017 from Pingyi
County, Linyi City, Shandong Province, China (Fukangwanjia
Pharmaceuticals). The plants were identified by Dr. XB Zeng of
Shenzhen People’s Hospital and a voucher specimen (No. 20170930)
was deposited at Center Lab of Longhua Branch, Shenzhen People’s
Hospital, Second Clinical Medical College of Jinan University,
Shenzhen, China.

2.3. Extraction and isolation

L. japonica flower buds EtOH extract was prepared according to our
previous method [9,10]. The EtOH extract was partitioned from with

cyclohexane, EtOAc, and n-buOH, respectively. The EtOAc fraction
yield was 1.3% relative to the dry raw material. Then the EtOAc frac-
tion was divided into 20 fractions (Fractions 1–20) with a silica gel
column (5 × 45 cm, 100–200 mesh, CH2Cl2–MeOH, 100: 1 → 1: 0, v/v).

Fraction 3 (6.9 g, yellow colloidal) was further chromatographed on
the Sephadex LH-20 column (2.3 cm × 75 cm) eluted with
CH2Cl2–MeOH (8: 2) to afford subfractions 3A–3G via thin layer chro-
matography (TLC). Fr. 3F (2.4 g) was chromatographed on the
Sephadex LH-20 column (2.3 × 75 cm) eluted with CH2Cl2–MeOH (8:
2) again. Fr. 3F-4 (0.2 g) was subjected to preparative HPLC
(Cosmosil 5C18-MS-II, 5 μm, 20 × 250 mm, flow rate: 8 mL/min, wave
length: 254 nm, MeOH: H2O, 53: 47, v/v) yielding compound 1
(2.94 mg, tR: 21.88 min) and compound 2 (3.64 mg, tR: 24.80 min). Fr.
3F-5 (0.1 g) was first subjected to the Sephadex LH-20 column chro-
matography (1.4 × 123.5 cm) isocratic eluted with CH2Cl2–MeOH (80:
20, v/v) to afford Fr. 3F-5-1 (100 mg), then compounds 3 (2.40 mg, tR:
18.48 min) and 4 (1.01 mg, tR: 26.28 min) were obtained through pre-
parative HPLC (8 mL/min, 254 nm, MeOH: H2O, 53: 47, v/v) from Fr.
3F-5-1. The subfraction 3G (0.9 g) was further subjected to Sephadex
LH-20 column chromatography (1.4 × 123.5 cm) isocratic eluted with
CH2Cl2–MeOH (80: 20, v/v) to afford 6 subfractions (Fr. 3G-1 to Fr. 3G-
6). Fr. 3G-3 (0.3 g) was subjected to the Sephadex LH-20 column
chromatography (1.4 × 123.5 cm) isocratic eluted with CH2Cl2–MeOH
(80: 20, v/v) to afford 6 subfractions (Fr. 3G-3-1 to Fr. 3G-3-6). Fr. 3G-
3-2 was separated by preparative HPLC (8 mL/min, 254 nm, MeOH:
H2O, 52: 48, v/v) yielding compounds 5 (1.03 mg, tR: 11.02 min), 6
(5.01 mg, tR: 11.68 min), 7 (9.58 mg, tR: 23.07 min) and 8 (5.60 mg, tR:
30.28 min). Next, the Fr. 3G-6 (0.1 g) was subjected to the Sephadex
LH-20 column chromatography (1.4 × 123.5 cm, CH2Cl2–MeOH, 80:
20, v/v) again. The resulting Fr. 3G-6-4 was subjected to preparative
HPLC (8 mL/min, 254 nm, MeOH: H2O, 53: 47, v/v), yielding com-
pounds 9 (7.98 mg, tR: 11.23 min) and 10 (7.52 mg, tR: 15.63 min).

Fr. 4 (2.9 g, yellow colloidal) was subjected to the Sephadex LH-20
column chromatography (2.3 × 75 cm) isocratic eluted with
CH2Cl2–MeOH (80: 20, v/v) to afford 6 subfractions (Fr. 4-1 to Fr. 4-6).
The Fr. 4-2 (1.6 g) was subjected to Sephadex LH-20 column chroma-
tography (1.4 × 123.5 cm, CH2Cl2–MeOH, 80: 20, v/v) again. And
compound 11 (15.12 mg, tR: 22.83 min) was obtained through pre-
parative HPLC (8 mL/min, 205 nm, MeOH: H2O, 55: 45, v/v) from Fr.
4-2-2.

Fr. 6 (yellow colloidal, 2.0 g) was separated by Sephadex LH-20
column chromatography (2.3 × 75 cm, CH2Cl2–MeOH, 80: 20, v/v) to
yield 12 subfractions (Fr. 6-1 to Fr. 6-12). Fr. 6-11 was subjected to
preparative HPLC (8 mL/min, 330 nm, MeOH: H2O, 58: 42, v/v)
yielding compounds 12 (0.5 mg, tR: 20.95 min) and 13 (0.5 mg, tR:
35.50 min).

Fr. 8 (yellow colloidal, 1.0 g) was submitted to Sephadex LH-20
column chromatography (2.3 × 75 cm) isocratic eluted with
CH2Cl2–MeOH (80: 20, v/v) to afford 4 subfractions (Fr. 8-1 to Fr. 8-9).
Fr. 8-3 was subjected to preparative HPLC (5 mL/min, 254 nm, MeOH:
H2O, 60: 40, v/v) yielding compound 14 (3.37 mg, tR: 20.30 min).
Similarly, subfraction Fr. 8-5 was purified with preparative HPLC
(8 mL/min, 205 nm, MeOH: H2O, 55: 45, v/v) to yield compound 15

Fig. 1. Chemical structure of newcompounds (1, 23, 24, and 28) in L. japonica flower buds.
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(7.05 mg, tR: 25.54 min). And compound 16 (19.97 mg, tR: 20.48 min)
and compound 17 (12.0 mg, tR: 31.99 min) were also obtained from Fr.
8-8 by the same method (5 mL/min, 254 nm, MeOH: H2O, 45: 55, v/v)
as outlined above.

Fraction 9 (4.5 g) was chromatographed on the Sephadex LH-20
column (2.3 cm × 75 cm) eluted with CH2Cl2–MeOH (8:2), and then
Fr. 9-3 was separated by preparative HPLC (8 mL/min, 254 nm, MeOH:
H2O, 52: 48, v/v) yielding compound 18 (6.63 mg, tR: 9.44 min).

Fig. 2. Chemical structure of other known compounds (2–22, 25–27, and 29–35) in L. japonica flower buds.
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Fr. 10 (yellow oil, 3.0 g) was submitted to Sephadex LH-20 column
chromatography (2.3 × 75 cm) isocratic eluted with CH2Cl2–MeOH
(80: 20, v/v) to afford 4 subfractions (Fr. 10-1 to Fr. 10-4). Fr. 10-2 was
applied to preparative HPLC (8 mL/min, 205 nm, MeOH: H2O, 30: 70,
v/v) and obtain compound 19 (5.83 mg, tR: 38.26 min). Fr. 10-4 was
separated by preparative HPLC (8 mL/min, 254 nm, MeOH: H2O, 56:
44, v/v) yielding compounds 20 (34.15 mg, tR: 9.29 min) and 21
(3.23 mg, tR: 12.81 min), respectively.

Fr. 11 (yellow solid, 3.6 g) was chromatographed on the Sephadex
LH-20 column (2.3 cm × 75 cm) eluted with CH2Cl2–MeOH (8:2), and
then Fr. 11-2 was separated by preparative HPLC (8 mL/min, 205 nm,
MeOH: H2O, 48: 52, v/v) yielding compound 22 (12.14 mg, tR:
29.36 min). Fr. 11-3 was separated by preparative HPLC (8 mL/min,
254 nm, MeOH: H2O, 53: 47, v/v), yielding compounds 23 and 24
(10.34 mg, tR: 8.60 min).

Fr. 12 (yellow solid, 1.2 g) was chromatographed on the Sephadex
LH-20 column (2.3 cm × 75 cm) eluted with CH2Cl2–MeOH (8:2), and
then Fr. 12-3 was separated by preparative HPLC (8 mL/min, 254 nm,
MeOH: H2O, 60: 40, v/v) yielding compound 25 (6.85 mg, tR:
11.67 min).

Fr. 13 (yellow solid, 5.5 g) was chromatographed on the Sephadex
LH-20 column (2.3 × 75 cm, CH2Cl2–MeOH, 80: 20, v/v) to afford
subfractions Fr. 13-1 to 13-8 via TLC. Compound 26 (11.52 mg, tR:
29.22 min) was also obtained from Fr. 13-3 by preparative HPLC (5 mL/
min, 254 nm, MeOH: H2O, 42: 58, v/v). Compounds 27 (24.77 mg, tR:
9.66 min) and 28 (24.20 mg, tR: 11.22 min) were purified from Fr. 13-4
by preparative HPLC (8 mL/min, 330 nm, MeOH: H2O, 55: 45 and 45:
55, v/v) twice.

Fr. 14 (yellow solid, 1.6 g) was chromatographed on the Sephadex
LH-20 column (2.3 × 75 cm, CH2Cl2–MeOH, 80: 20, v/v) to afford
subfractions Fr. 14-1 to 14-6 via TLC. Fr. 14-4 was separated by pre-
parative HPLC (8 mL/min, 205 nm, MeOH: H2O, 45: 55, v/v) yielding
compounds 29 (9.35 mg, tR: 12.20 min) and 30 (9.99 mg, tR:
28.77 min), respectively. And compound 31 (6.46 mg, tR: 47.78 min)
was also obtained from Fr. 14-6 by the same preparative HPLC (8 mL/
min, 254 nm, MeOH: H2O, 55: 45, v/v).

Fr. 15 (yellow solid, 6.0 g) was chromatographed on an ODS column
(5.5 × 28 cm) gradually eluted with MeOH–H2O (10: 90 → 100: 0, v/v)
to obtain 6 subfractions (Fr. 15-1 to Fr. 15-6). Fr. 15-4, eluted with
MeOH–H2O (50: 50), was further subjected to preparative HPLC (8 mL/
min, 205 nm, MeOH: H2O, 42: 58, v/v) to yield compounds 32
(7.50 mg, tR: 18.46 min), 33 (3.55 mg, tR: 21.96 min) and 34 (11.77 mg,
tR: 31.34 min), respectively.

Fr. 16 (yellow colloidal, 37.0 g), was chromatographed on an ODS
column (5.5 × 28 cm) gradually eluted with MeOH–H2O (10: 90 →
100: 0, v/v) to obtain 9 subfractions (Fr. 16-1 to Fr. 16-9). Fr. 16-3 was
subjected to preparative HPLC (Cosmosil 5C18-MS-II, 5 μm,
20 × 250 mm, flow rate: 8 mL/min, wave length: 330 nm, MeOH: H2O,
35: 65, v/v) yielding compound 35 (127.26 mg, tR: 24.50 min).

2.4. Spectroscopic data of new compounds

Japopenoid A (1). Pale yellow, oil; [α]20
D + 80.3° (c = 0.02, MeOH);

UV (MeOH) λmax (logε) 233.5 nm; HR-ESI-MS m/z 223.1324 [M+H]+;
1H NMR (400 MHz, d6-DMSO) and 13C NMR (100 MHz, d6-DMSO)
spectrum information, see Table 1.

Japopenoid B and C (23 and 24). Orange oil; [α]20
D 0.0° (c = 0.02,

MeOH); UV (MeOH) λmax (logε) 201.5, 288.5 nm; HR-ESI-MS m/z
275.1324 [M+H]+; 1H NMR (400 MHz, d6-DMSO) and 13C NMR
(100 MHz, d6-DMSO) spectrum information, see Table 1.

4-O-[4′-O-5″-(2,5-dihydroxybenzoic acid)-caffeoyl]-quinic acid me-
thyl ester (28). Green oil; [α]20

D − 20.7° (c = 0.20, MeOH); HR-ESI-MS
m/z 503. 1627 [M−H]−; HR-ESI-MS2 m/z 367.1204 [M-dihydroxy
benzoic acid]−, 153.0272 [dihydroxy benzoic acid]−; 1H NMR
(400 MHz, d6-DMSO) and 13C NMR (100 MHz, d6-DMSO) spectrum
information, see Table 2.

2.5. Relative configurations of new compounds 1, 23 and 24

The theoretical calculations of compounds 1, 23, and 24 were
performed using Gaussian 09 software (Revision C.01, Gaussian, Inc.,
Wallingford CT, 2010) and configured using GaussView 5.0 (Version 5,
Semichem Inc., Shawnee Mission, KS, 2009). The predominant con-
formers were optimized at the B3LYP/6-31G (d, p) level.

2.6. Anti-hepatoma activity assay in vitro

The HepG 2 cells and SMCC 7721 cells were from the American
Type Culture Collection (ATCC, Manassas, USA). All the cells were
maintained in DMEM containing 10% FBS (foetal bovine serum,
HyClone, Logan, UT) and cultured at 37 °C (5% CO2, 95% relative hu-
midity). The cytotoxicity assay was performed, according to the MTT
method in 96-well microplates [9]. The protein expressions of BCL-2,

Table 1
1H NMR (400 MHz) and 13C NMR (100 MHz) data of compounds 1, 23, and 24
in d6-DMSO.

Compound 1 Compounds 23/24

Position 1H NMR 13C NMR Position 1H NMR 13C NMR

1 195.37 1 168.29
2 5.72 (s) 125.01 2 7.95 (s) 138.77
3 161.94 3 148.98
4 1.97 (s); 2.43 (m) 44.07 4 144.08
5 84.86 5 141.20
6 38.36 6 2.23 (s) 14.20
7 1.77 (d, 4.7); 2.43

(m)
29.98 7 2.23 (s) 14.20

8 1.90 (d, 4.4); 2.02
(s)

34.32 1′ 167.16

9 107.19 2′ 5.86 (dd, 15.6,
1.6

119.85

10 3.35 (s); 3.73 (s) 68.98 3′ 6.78 (dd, 15.5,
4.6)

151.35

11 1.84 (s) 16.46 4′ 4.06 (d, 4.3) 70.23
12 1.14 (s) 19.86 5′ 1.45 (m) 29.00
13 1.43 (s) 23.87 6′ 0.85 (t, 7.4) 9.47

Table 2
1H NMR (400 MHz) and 13C NMR (100 MHz) data of compound 28 in d6-DMSO.

Compound 28

Position 1H NMR 13C NMR

1 73.07
2 1.94 (dd, 13.5, 3.0); 2.11(t, 10.6) 35.19
3 3.59 (s) 69.40
4 5.03 (d, 3.3) 70.95
5 3.89 (d, 8.8) 66.94
6 1.78 (dd, 12.5, 9.5); 2.11(t, 10.6) 37.20
7 173.55
OCH3 3.56 (s) 51.71
1′ 125.35
2′ 7.03 (s) 115.81
3′ 148.42
4′ 145.58
5′ 6.77 (d, 8.0) 114.57
6′ 6.97 (d, 8.0) 121.24
7′ 7.39 (d, 15.9) 145.04
8′ 6.11 (d, 15.9) 113.87
9′ 165.32
1″ 112.75
2″ 154.04
3″ 6.77 (d, 8.0) 117.63
4″ 6.95 (d, 8.0) 123.55
5″ 149.27
6″ 7.16 (d, 2.0) 114.53
7″ 171.63
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BAX, and BAK in SMCC 7721 cells were determined using Western blot
analysis [11].

2.7. Anti-HBV activity assay in vitro

HepG 2.2.15 cells were maintained in DMEM containing 10% FBS
(foetal bovine serum, HyClone, Logan, UT) and cultured at 37 °C (5%
CO2, 95% relative humidity). The anti-HBV assay was performed ac-
cording to previous research [10].

2.8. Statistical analysis

All data is expressed as mean ± SD. At least three independent
experiments were performed, each in quintuplicate. The data was
analysed using a one-way ANOVA. Statistically significant effects were
analysed, and the means were also compared using the least-significant
difference (LSD) test. Statistical significance was determined at
p < 0.05.

3. Results and discussion

3.1. Structural elucidation of new compounds (1, 23, 24, 28)

Compound 1 was isolated as a pale-yellow viscous oil. The

molecular formula was determined to be C13H18O3 by HR-ESI-MS at m/
z 223.1324 [M+H]+ (calculated for C13H19O3, 223.1327), as well as
1H NMR and 13C NMR spectrum (Table 1). The 13C NMR and DEPT
spectra indicated 13 carbons, which was consistent with the presence of
three methyls, four methylenes (one oxygenated), one methine, and five
quaternary carbons (one carbonyl, one olefinic, and two oxygenated
carbons). The 1H NMR and HSQC spectrum displayed 18 directly at-
tached protons, which contained three tertiary methyl groups at δH 1.84
(3H, s, H-11), 1.14 (3H, s, H-12), and 1.43 (3H, s, H-13); three me-
thylene groups at δH 2.43 (2H, m, H-4a, 7a), 1.97 (1H, s, H-4b), 2.02
(1H, s, H-8a), 1.90 (1H, d, J = 4.4 Hz, H-8b), and 1.77 (1H, d,
J = 4.7 Hz, H-7b); two oxygenated methylene protons at δH 3.73 (1H, s,
H-10a) and 3.35 (1H, s, H-10b); an methine group at δH 5.72 (1H, s, H-
2). Careful analyses of the 1H–1H COSY experiment revealed three spin
systems. The first spin system included the signals of an olefinic hy-
drogen (H-2) and a methylene hydrogen (H-4). The HMBC correlation
(Fig. 3A) from H-2 (δH 5.72) to C-4 and C-5, from Hax-4 (δH 2.43) to C-1
and C-6, and from Heq-4 (δH 1.97) to C-1 and C-5, revealed that a 3,5,6-
trisubstituted cyclohexanone ring. The second spin system included the
signals of two methylene hydrogens (H-7 and H-8). In the HMBC
spectrum, the correlations of H-7 with C-6 and C-8, and of H-8 with C-6
and C-7 clearly positioned an epoxy six-member ring bridge across C-5/
C-6. The third spin system only included an oxygenated methylene
hydrogen signal (H-10). The HMBC correlation from H-10 to C-9, along
with the oxygenated nature of C-9 and C-10, revealed that an oxo-
bridge should be positioned between C-9 and C-10. In addition, the
HMBC correlation from H-10 to C-4, C-5, and C-6, further supported the
linkage between C-5 and C-10. Consequently, a detailed examination of
the above information indicated the presence of a tricyclic mono-
terpenoid skeleton with two epoxy rings. Furthermore, three methoxyl
groups were attached to C-3, C-6, and C-9 through the observed HMBC
correlation of H-11 (δH 1.84) to C-2, C-3, and C-5, of H-12 (δH 1.14) to
C-4, C-5, C-6, and C-10, and of H-13 (δH 1.43) to C-8 and C-9. Based on
the above data and comprehensive 2D NMR experiments (1H–1H COSY,
HSQC, and HMBC), the structure of compound 1 was established as
shown in Fig. 3A. The relative configuration of the stereogenic centers
of 1 was elucidated by 1H–1H coupling constants, NOESY results
(Fig. 3B) as well as comparison of its physical and spectral data with
those of the similar compound. In this way, the relative configurations
at all the stereogenic centers in 1 were determined to be 5R, 6S, and 9R.
To gain additional evidence for the above assignment of relative ste-
reochemistry, the predominant conformer of compound 1 was calcu-
lated by Gaussian 09 software. The optimized conformation geometry
was shown in Fig. 3C for its lowest energy, which was consistent with
that of the above NMR spectrum. During the ECD test, we observed no
Cotton effects when the wavelength were greater than 300 nm. Thus,
the ECD spectra with strong Cotton effects were only recorded and the
wavelength was 200–300 nm. Furthermore, the electronic circular di-
chroism (ECD) and UV of the result of the theoretical calculation agrees

Fig. 3. Structure identification of compound 1. (A) Key HMBC (H → C, red)
correlations; (B) NOESY (H←→H, blue) correlations; (C) Optimized con-
formation geometry.

Fig. 4. Calculated and experimental results of compound 1. (A) ECD spectrum; (B) UV spectrum.
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well with that determined experimentally (Fig. 4, S9 and S10). Thus,
compound 1 was assigned as (5R, 6S, 9R)-3,6,9-trimethyl-10,12-dioxa-
tricyclo[7.2.1.01,6]dodec-3-en-5-one, which was renamed japopenoid
A.

Compounds 23 and 24, isolated as an orange oil, has a molecular
formula of C13H16O5 (six unsaturations), which was deduced from the
HR-ESI-MS, 13C NMR, and elementary analysis data. The NMR data
(Table 1) for 23 and 24 revealed the presence of three methyls, one
methylene, one sp3 oxygenated methine, three sp2 methines, three
quaternary carbons, and two carbonyl carbons, indicating that 23 and
24 have a lactone ring and a fatty acid. The HMBC correlation (Fig. 5A)
from H-2 (δH 7.95) to δC 168.29 (C-1), 148.98 (C-3), and 144.08 (C-4),
revealed a disubstituted five-member lactone ring. Considered the
quaternary carbon properties of C-3, 4, and 5, a cyclic olefinic bond
across C-2/C-3 and an exocyclic double bond across C-4/C-5 were es-
tablished. In addition, two methoxyl groups were attached to C-3 and C-
5 through the observed HMBC correlation of δH 2.23 (H-6, 7) to C-3 and
C-5, respectively. The other six carbons formed a 4-hydroxy-2-hexenoic
acid group, which was linked to C-5. The HMBC correlations (Fig. 5A)
observed from H-2′ (δH 5.86) to C-1′ and C-4′, from H-3′ (δH 6.78) to C-
1′ and C-4′, and from H-6′ (δH 0.85) to C-4′ and C-5′, furrther confirmed
the above conclusion. Meanwhile, the JH-2′, H-3′ value of 15.6 Hz re-
vealed that the geometry of the double bond between C-2′ and C-3′ was
E. These partial structures were linked on the basis of HMBC data. And
the absolute configuration of C-4′ of 23 and 24 were further established
to be 4′R and 4′S, since there is no Cotton effect in the ECD spectrum
(see supporting information). In addition, the calculation results per-
formed using Gaussian 09 software showed that 4S was the most fa-
vored conformation (Fig. 5B). Thus, 23 and 24 are a couple of racemic

mixture, determined to be (4R)-4-[1-(3-Methyl-5-oxo-5H-furan-2-yli-
dene)- ethoxy]-hex-2-enoic acid and (4S)-4-[1-(3-Methyl-5-oxo-5H-
furan-2-ylidene)- ethoxy]-hex-2-enoic acid, renamed japopenoid B and
japopenoid C, respectively.

Compound 28 was isolated as a green oil, with the molecular for-
mula of C24H24O12 as deduced from the [M−H]− peak at m/z
503.1627 (calculated for C24H23O12, 503.1627) via HR-ESI-MS and
supported by the 13C NMR spectral data. The 1H NMR and 13C NMR
spectrum (Table 2) showed the presence of a 4-O-trans-caffeoylquinic
acid methyl ester group, which was confirmed to a quinic acid methyl

Fig. 5. Structure identification of compounds 23 and 24. (A) Key HMBC (H → C, red) and NOESY (H←→H, blue) correlations; (B) Optimized conformation geometry.

Fig. 6. Key HMBC (H → C, red) and NOESY (H←→H, blue) correlations (H →
C, black) of compound 28.

Table 3
Anti-hepatoma activities (IC50) of all compounds (1–35).

Compounds IC50 (μg/ml)

HepG 2 SMMC 7721

1 174.96 ± 13.33 181.19 ± 6.39
2 140.10 ± 4.03 166.37 ± 8.96
3 54.78 ± 0.53 73.47 ± 2.16
4 144.60 ± 2.02 145.98 ± 2.26
5 47.29 ± 3.27 50.30 ± 1.72
6 181.33 ± 16.66 > 300
7 > 300 > 300
8 > 300 > 300
9 > 300 > 300
10 > 300 > 300
11 104.69 ± 2.21 99.46 ± 5.54
12 26.54 ± 1.95 8.72 ± 1.57
13 26.54 ± 1.95 12.35 ± 1.43
14 143.05 ± 8.01 126.06 ± 2.93
15 > 300 288.35 ± 7.40
16 > 300 > 300
17 188.87 ± 9.09 293.50 ± 0.57
18 > 300 > 300
19 > 300 > 300
20 > 300 173.67 ± 17.84
21 218.08 ± 12.08 212.85 ± 9.77
22 > 300 > 300
23/24 > 300 > 300
25 > 300 > 300
26 157.13 ± 4.25 143.17 ± 5.87
27 > 300 > 300
28 > 300 145.30 ± 12.48
29 > 300 > 300
30 > 300 > 300
31 68.99 ± 7.74 62.80 ± 4.64
32 284.57 ± 17.50 122.73 ± 3.09
33 233.57 ± 13.89 > 300
34 > 300 > 300
35 > 300 > 300
Cisplatin 15.67 ± 2.30 13.26 ± 0.17
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ester moiety [δH 5.03 (1H, d, J = 3.3 Hz), 3.89 (1H, d, J = 8.8 Hz), 3.59
(1H, s), 3.56 (3H, s, eOCH3), 2.11 (2H, t, J = 10.6 Hz), 1.94 (1H, dd,
J = 13.5, 3.0 Hz), 1.78 (1H, dd, J = 12.5, 9.5 Hz); δC 73.07 (C-1), 35.19
(C-2), 69.40 (C-3), 70.95 (C-4), 66.94 (C-5), 37.20 (C-6), 173.55 (C-7),
51.71 (C-OCH3)] and a trans-caffeoyl moiety [δH 7.39 (1H, d,
J = 15.9 Hz), 7.03 (1H, s), 6.97 (1H, d, J = 8.0), 6.77 (1H, d,
J = 8.0 Hz), 6.11 (1H, d, J = 15.9 Hz); δC 125.35 (C-1′), 115.81 (C-2′),
148.42 (C-3′), 145.58 (C-4′), 114.57 (C-5′), 121.24 (C-6′), 145.04 (C-
7′), 113.87 (C-8′), 165.32 (C-9′)]. HSQC correlations and HMBC cor-
relations analysis also supported the above speculation. In addition,
three aromatic proton signals at δH 7.16 (1H, d, J = 2.0 Hz), 6.95 (1H,
d, J = 8.0 Hz), and 6.77 (1H, d, J = 8.0 Hz) indicated the presence of a
2,5-dihydroxybenzoyl moiety, which was confirmed according to the
observed HMBC correlations of δH 7.16 (H-6″) to δC 154.04 (C-2″),
123.55 (C-4″), 149.27 (C-5″), 171.63 (C-7″) in Fig. 6. Moreover, the
HMBC correlations indicated that the 5″-OH of the 2,5-dihydrox-
ybenzoic acid moiety was linked to the 4′-OH of the caffeoyl moiety
through the observed correlations of H-6″ (δH 7.16) to 121.24 (C-6′)
(Fig. 6). Therefore, compound 28 is 4-O-[4′-O-5″-(2,5-dihydrox-
ybenzoic acid)-caffeoyl]-quinic acid methyl ester.

The other known compounds were identified as aspertenol B (2)
[12], balanophonin B (3) [13], 7-methoxy-1,2-dihydrocadalene (4)
[14], syringic aldehyde (5) [15], scopoletin (6) [16], pinoresinol (7)

[17], epipinoresinol (8) [18], p-hydroxy-benzaldehyde (9) [19], 1H-
indole-3-carboxaldehyde (10) [20], 3-hydroxy-β-damascone (11) [21],
naringenin (12) [22], 3,5-dyhydroxy-7-methoxyflavone (13) [23], (3S)-
3,7-dimethyl-3,8-dihydrooctene (14) [24], (6S), (2E)-2,6-dimethyl-6-
hydroxyl-2,7-octadienoic acid (15) [25], pyrocatechol (16) [26], p-
coumaric acid (17) [27], argaminolic A (18) [28], esculetin (19) [29],
protocatechuate (20) [30], taxifolin (21)[31], (−)-(7R,8S)-dihy-
drodehydrodiconiferyl alcohol (22) [32], 6-hydroxy-benzyl-benzoate-
2-O-β-D-glucoside (25) [33], (1′R, 3′S, 5′R, 8′S, 2Z, 4E)-dihydrophaseic
acid (26) [34], 1-O-caffeoyl glycerides (27) [35], benzyl-O-β-D-gluco-
pyranoside (29) [36], secologanin dimethylacetal (30) [37], 3-O-iso-
rhamnetin 6-O-(p-coumaroyl)-β-D-glucopyranoside (31) [38], epi-voge-
loside (32) [39], vogeloside (33) [39], 4-O-feruloylquinic acid methyl
ester (34) [40], sweroside (35) [41], base on comparisons of their
spectral data with the literatures.

3.2. Anti-hepatoma activities in vitro

L. japonica produces many types of secondary metabolites, including
flavonoids, terpenoids, phenylpropanoids, caffeoylquinic acid deriva-
tives, alkaloids, and so on. All compounds isolated from L. japonica in
this study were assayed for their anti-hepatoma activities, and the re-
sults are listed in Table 3. Among them, compound 12 exhibited the

Fig. 7. Compounds 3 and 13 induces hepatoma cell apoptosis. (A) Compounds 3 (40 μg/mL) and 13 (6 μg/mL) were exposed to SMMC-7721 for indicated time for
the MTT assays to evaluate the cell viability; (B and C) SMMC-7721 cells treated with different concentrations of compound 3 for 12 h were analyzed and subjected to
immunoblotting for detection of the expression levels of relative proteins; (D and E) SMMC-7721 cells treated with different concentrations of compound 13 for 12 h
were analyzed and subjected to immunoblotting for detection of the expression levels of relative proteins. Results are expressed as the mean ± SD (n = 5).
*p < 0.05 compared with the control group, **p < 0.01 compared with the control group, ***p < 0.001 compared with the control group.
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most potent activity with IC50 values of 26.54 ± 1.95 and
8.72 ± 1.57 μg/ml against human liver cancer cell lines HepG 2 and
SMMC-7721, and compound 13 exhibited significant growth inhibitory
effects against HepG 2 and SMMC-7721 with IC50 values at
26.54 ± 1.95 and 12.35 ± 1.43 μg/ml, respectively. These values
were similar in their anti-hepatoma activities to the positive drug,

Cisplatin. Compounds 3, 7, 8, and 22 were phenylpropanoids, which
consisted of a kind of natural compound composed of benzene ring and
three straight chain carbons (C6-C3). Compounds 7, 8, and 22 showed
no inhibitory effects against liver cancer cell lines (IC50 values >
300 μg/ml), but compound 3 exhibited potent activity with IC50 values
of 54.78 ± 0.53 and 73.47 ± 2.16 μg/ml against HepG 2 and SMMC-

Fig. 8. Anti-HBV activities of terpenes (1, 2, 4, 11, 14, 15, 23, 30, 32, 33, and 35) and caffeoylquinic acid derivatives (28 and 34). (A) Relative HBsAg levels; (B)
Relative HBeAg levels; (C) Relative HBV DNA levels. The figure shows the results of the experiment on the third day. Compounds 1, 2, 4, and 11 were tested for
25 μg/ml, and the other compounds (14, 15, 23, 28, 30, 32–35) were tested for 100 μg/ml. Results are expressed as the mean ± SD (n = 3). *p < 0.05 compared
with the control group, **p < 0.01 compared with the control group, ***p < 0.001 compared with the control group.
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7721. This could be because the carbonyl carbon from C-9 of compound
3 produced a positive effect on the anti-hepatoma activity assay.
Monoterpenoids (1, 2, 4, 11, 14, and 26) showed moderate anti-he-
patoma activities with a IC50 values range of 100–200 μg/ml, while
iridoids (30, 32, 33, and 35) showed no significant cytotoxicity against
HepG2 and SMMC-7721 cells. Similarly, caffeoylquinic acid derivatives
(28 and 34) also showed no significant anti-hepatoma activities. Some
observations could be made according to the above results. The anti-
hepatoma activity of flavonoids was optimal, followed by phenylpro-
panoids and terpenoids.

Next, we choose two representative compounds 3 (phenylpropa-
noid) and 13 (flavonoid) to investigate the mechanism of cell death. As
shown in Fig. 7A, the cell viability was significantly dropped in a time-
dependent manner after treatment with compound 3 or 13. The mi-
croscopy indicated the massive cell death caused by compound 3 or 13
could to be the typical apoptotic cell death characterized by cell
shrinkage, pyknosis, massive plasma membrane blebbing and the de-
struction of cell fragments into apoptotic bodies [42]. The dependence
of caspase activation is a major biochemical feature of apoptosis [43].
To validate the mechanism of cell apoptosis caused by compound 3 or
13, we assessed the protein levels of several regulators of apoptosis,
including anti-apoptotic protein B-cell lymphoma-2 (BCL-2) and pro-
apoptotic proteins bcl-2-associated X protein (BAX) and bcl-2 antago-
nist killer (BAK). The Western blot analysis revealed that compound 3
or 13 significantly reduced the expression of BCL-2 and promoted the
expression of BAX and BAK compared with the control group (Fig. 7B,
C, D, E). In conclusion, the above data proved that compounds 3 and 13
induce hepatoma cell apoptosis via the intrinsic apoptosis pathway.

3.3. Anti-HBV activities in vitro

In our previous study, we found that most caffeoylquinic acids from
L. japonica flower buds have significant anti-HBV activities [10]. In the
anti-HBV study, terpenoids were also active ingredients with inhibiting
HBsAg and HBeAg secretion, and HBV DNA replication [44]. In this
study, we chose terpenoids and caffeoylquinic acids to evaluate their
anti-HBV activities (Fig. 8). As shown in Fig. 8A, compounds 11 and 28
showed significant activities in inhibiting the secretion of HBsAg and
their relative HBsAg levels were −39.39 ± 5.25 and
−28.87 ± 6.19%, respectively (p < 0.001). The HBeAg results of
Fig. 8B showed that the replication rate of HBV was significantly in-
hibited by compounds 1, 2, 11, 23/24, and 34, and their relative
HBeAg levels as low as −13.88 ± 2.17, −22.24 ± 4.21,
−15.64 ± 1.25, −12.14 ± 6.05, and −19.59 ± 1.31%, respectively
(p < 0.001). While HBV DNA is a marker of HBV viral replication and
the efficacy of anti-HBV activity [45], compound 28 showed the most
significant inhibitory activity and its relative HBV DNA level was de-
creased by 48.38 ± 11.81% (Fig. 8C). On the whole, the mono-
terpenoids (1, 2, 4, 11, and 23/24) and caffeoylquinic acids (28 and
34) showed significant anti-HBV activities and iridoids (30, 32, 33, and
35) were worse. Interestingly, compound 32 inhibited HBsAg and
HBeAg secretion by 15.15 ± 13.87 and 9.12 ± 4.73% (p < 0.05),
but its isomer (33) promoted HBeAg secretion and HBV DNA replica-
tion by 12.27 ± 4.60, and 32.57 ± 7.20% (p < 0.01). Therefore,
more studies are necessary to further verify the research.

4. Conclusion

Three new naturally occurring monoterpenoids, japopenoid A (1),
japopenoid B (23) japopenoid C (24), and one new caffeoylquinic acid
derivative (28), together with thirty-one known compounds (2–22,
25–27, 29–35), were isolated and identified from the flower buds of
Lonicera japonica Thunb. Compound 1 was a monoterpenoid with an
unusual tricyclic skeleton, which occurred rarely in natural products.
All compounds (1–35) were evaluated for their cytotoxicities against
human liver cancer cell lines (HepG 2 and SMMC-7721). Flavonoid 12

exhibited the most potent activity with IC50 values of 26.54 ± 1.95
and 8.72 ± 1.57 μg/ml against HepG 2 and SMMC-7721, and the IC50

values of compound 13 were 26.54 ± 1.95 and 12.35 ± 1.43 μg/ml,
respectively. The western blot results further proved that compound 13
induces hepatoma cell apoptosis via the intrinsic apoptosis pathway. In
addition, most terpenoids showed inhibitory activity against HBsAg and
HBeAg secretion, and HBV DNA replication. In particular, 25 μg/ml of
compound 11 inhibits HBsAg and HBeAg secretion, and HBV DNA re-
plication by 39.39 ± 5.25, 15.64 ± 1.25 and 16.13 ± 4.10% com-
pared to the control (p < 0.05). These results indicated that L. japonica
flower buds could be served as functional food for anti-hepatoma and
anti-HBV activities. Further studies on the relevant mechanism of the
isolated compounds are needed.
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