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Abstract Breast cancer is the leading cause of death among
women, with approximately 1 million diagnoses annually.
Triterpenoids, which have cancer preventive or anti-tumour
efficacy towards various tumour cells, may play a role in
breast cancer prevention. In our previous study, an acetic ether
(EtOAc) fraction from the sporocarp of the edible mushroom
Pleurotus eryngii (P. eryngii) exhibited significant tumour cell
growth inhibition both in vitro and in vivo. In this study, three
pentacyclic triterpenoid compounds (1–3) were isolated from
EtOAc extracts using chromatographic separation and were
identified using nuclear magnetic resonance (NMR) and mass
spectrometry (MS). The compounds were 2, 3, 6, 23-
tetrahydroxy-urs-12-en-28 oic acid (1), 2,3,23-trihydroxy-
urs-12-en-28 oic acid (2) and lupeol (3). All three purified
triterpenes showed significant inhibitory activity against
breast cancer MCF-7 cell lines in vitro, with the greatest ac-
tivity exhibited by compound 1, followed by compound 2 and
3. The IC50 values were 15.71, 48 and 66.89 μM, respectively.
Our study may help elucidate the health benefits of P. eryngii
mushroom consumption.
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Introduction

Breast cancer is one of the most frequently diagnosed malig-
nancies and is a major cause of death inwomen [1]. According
to statistical analyses, the morbidity has increased constantly
since the 1970s, and approximately 400,000 women die from
the disease each year [2]. Women in developed countries have
a 1 in 8 possibility of developing breast cancer in their life-
times [3]. Moreover, the incidence of male breast cancer is
also increasing [4]. Unfortunately, there remains no effective
cure for the vast majority of patients with advanced breast
disease. Current treatments, such as radiotherapy, surgery, ad-
juvant chemotherapy, monoclonal antibody immunotherapy
and hormone therapy, only partially reduce the morbidity of
breast cancer. However, side effects always occur with these
treatments. For example, the cytotoxic drugs used in systemic
therapy are severe enough to decrease immune function and
eventually damage the major organ systems [5], whereas lo-
calized radiotherapy often causes pain, oedema, fibrosis, and
irreversible changes in mobility. It is therefore necessary to
identify novel breast cancer chemopreventive drugs with ac-
ceptable efficacy and toxicity limits.

During the last decades, various bioactive phytochemicals
and compounds based on natural products have shown pre-
ventive and therapeutic potential towards breast cancer
[6–10]. One such group of phytochemicals, triterpenoids, is
primarily found in a variety of plants. Increasing evidence of
their wide spectrum of pharmacological effects coupled with
low-toxicity profiles have sparked renewed interest regarding
their effects on human health and disease. Triterpenoids are
widely used in Asian traditional medicines due to their multi-
functional activities, such as antibacterial, anti-inflammatory,
hypolipidemic, hepatoprotective, cardiovascular, and analge-
sic effects [11–14]. Emerging studies indicate that
triterpenoids exert anti-tumour activities in various in vitro
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and in vivo model systems, without manifesting toxicity in
normal cells [15–17].

Mushrooms have been widely consumed as food ingredi-
ents for centuries, not only for their good flavour and texture
but also for their substantial nutritional value and potential
medicinal value. Recently, mushrooms were recognized as a
prolific source of bioactive substances for the development of
nutraceuticals and drugs. P. eryngii, known for its good taste,
contains many biologically active compounds, such as pep-
tides, polysaccharides, lipids, triterpenoids, sterols and dietary
fibre, which contribute to their medicinal usage. Several recent
chemical studies indicated that P. eryngii extract has several
biological functions, such as antioxidant [18], hypolipidemic
[19], anti-tumour and immunomodulating activities [20].
However, specific analyses of the plant bioactive compounds
are lacking. Therefore, an effective analytical procedure for
the separation of the major activity related compounds in
P. eryngii is necessary.

The objective of this study was to isolate and characterize
the triterpenoids in the EtOAc-soluble portion of P. eryngii
extract (Fig. 1). Additionally, the growth inhibitory activity
of these isolated compounds against breast cancer MCF-7
cells was also investigated to provide a theoretical basis for
the development of new drugs.

Materials and Methods

Materials and Instruments

Fresh P. eryngii was supplied by the Tianjin Tianshou Edible
Fungus Company and stored at 4 °C. Silica gel and Sephadex
LH-20 (Qingdao Haiyang Chemicals, China) were used for
column chromatography (CC). 3-(4, 5-Dimethylthiazol-2-yl)-
2, 5-diphenyltetrazolium bromide (MTT) was obtained from
Sigma-Aldrich. RPMI-1640 medium, foetal bovine serum
(FBS) and 0.25 % trypsin-EDTA were purchased from
Gibco/Life Technologies (USA). The 2, 3, 6, 23-
tetrahydroxy-urs-12-en-28 oic acid, 2, 3, 23-trihydroxy-urs-

12-en-28 oic acid and lupeol (purity≥97, 98, and 99 %, re-
spectively) used for cell experiments were purchased from
Shanghai Yuanye Bio-Technology Company. Dimethyl
sulphoxide (DMSO) and organic solvents were purchased
from Tianjin JiangTian Reagent Company. High-resolution
electrospray ionization mass spectrometry (HRESIMS) data
were acquired on an Agilent 1200 HPLC/6520Q-TOF
(American) mass spectrometer. Nuclear magnetic resonance
spectra were recorded on a Bruker-III-500 spectrometer
(Germany).

Preparation of the P. eryngii Extract

Sporocarps of P. eryngii were dried at 45 °C, pulverized, ex-
tracted with 100 % MeOH (15 L×3) under reflux for 8 h and
then placed in an ultrasonic apparatus for 30 min. After re-
moval of the solvent using a rotary evaporator, the thick paste
of 100 % MeOH extractives (980 g) was resuspended in H2O
and then successively partitioned into petroleum ether (16 g),
EtOAc (103 g) and n-BuOH (178 g) fractions.

Determination of the Triterpenoid Concentrations
of the Petroleum Ether, EtOAc and n-BuOH Extracts

The triterpenoid contents of the petroleum ether, EtOAc and
n-BuOH extracts were measured using spectrophotometry at
548 nmwith oleanolic acid as the reference standard [21]. The
final triterpenoid concentrations of the petroleum ether,
EtOAc and n-BuOH extract were <20 mg/g, 131.47±
0.73 mg/g, and <20 mg/g, respectively. The EtOAc fraction,
which showed the highest triterpenoid concentration, was sub-
jected to repeated CC with a gradient elution of solvents.

Isolation of the EtOAc Extract

The EtOAc extract was subjected to silica gel (150–250 μm)
CC eluted with a gradient of petroleum ether/acetone/MeOH
(95:4:1→20:40:40, v/v/v). Based on the thin-layer chromatog-
raphy (TLC) analysis, the collected solutions containing

Fig. 1 Structures of triterpene acids
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triterpenoid were combined into five fractions (Fr.1-Fr.5).
Fraction 2, which had the highest mass per cent, was selected
for the next separation.

Fraction 2 (19 g), obtained by elution with petroleum ether/
acetone/MeOH (30:70:2, v/v/v), was separated on silica gel
(150–250 μm) and CC eluted with CHCl3/MeOH (100:0→
0:100, v/v), and seven subfractions were obtained (Fr.A–
Fr.G). Fr.B and Fr.E had the relatively higher mass per cents,
were selected for the next separation.

Fr.B (2.3 g), obtained by elution with CHCl3/MeOH
(90:10, v/v), was separated on silica gel (150–250 μm) CC
eluted with CHCl3/MeOH/H2O (10:0:0→4:4:2, v/v/v) to yield
four subfractions (Fr.B1–Fr.B4). Subfraction Fr.B4 (1.2 g)
was further separated by preparation lamella chromatography
developed with CHCl3/MeOH/H2O (8:1:1, v/v/v) to yield
compound 1 (9 mg) and compound 2 (7 mg). Fr.E, obtained
by elution with CHCl3/MeOH (60:10, v/v), was separated on
silica gel (150–250 μm) CC eluttion with CHCl3/MeOH/H2O
(8:1:0.5→3:4:4, v/v/v) to yield three subfractions (Fr.E1–
Fr.E3). Compound 3 (12 mg) was purified from subfraction
Fr.E3 by Sephadex LH-20 CC eluted with CHCl3/MeOH
(40:60).

The extraction and isolation flow schematic is shown in
Fig. 2. The isolated compounds were then identified using
nuclear magnetic resonance (NMR) and high-resolution
electrospray ionization mass spectrometry (HRESIMS).

TLC Analysis of Fractions

Evaluation of the fractions was performed by thin-layer chro-
matography on normal phase silica gel 60 F254 plates Merck
(Darmstadt, Germany) developed in ethyl acetate–methanol–
water in the appropriate proportion. Visualization of the
triterpenoids was performed by spraying with 5 % sulphuric
acid in ethanol, and subsequent heating to 110 °C for 5 min on
a hot plate.

Cell Lines

The MCF-7 human breast cancer cells were obtained from
Tianjin Tumor Hospital and were maintained in RPMI-1640
medium containing 10 %v/v FBS and incubated at 37 °C in a
humidified atmosphere containing 95% air and 5% CO2. The

Fig. 2 Extraction and isolation
flow schematic
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culture media were changed routinely every 2 days and were
free of contamination during the study period.

Inhibition of MCF-7 Cell Proliferation

The proliferation inhibition activity of the three isolated com-
pounds against the human breast cancer cell line MCF-7 was
evaluated using the MTTassay [22]. As a colourimetric assay,
the MTT assay uses cellular metabolic activity to convert the
colourless tetrazolium to the purple-coloured formazan salt,
which can be quantified by measuring the absorbance at
570 nm. The tumour cell line was cultured in RPMI 1640
medium with 10 % FBS and was then diluted to a concentra-
tion of 2.5×104 cells/mL prior to aliquoting (100 μL) into
each well of a 96-well plate and incubation at 37 °C in a
humidified atmosphere of 5%CO2 for 10 h. After compounds
1–3 were added to the tumour cells, the plate was incubated
for an additional 96 h. The concentrations of the tested com-
pounds were 10, 25, 50, 100 and 200 μM and were dissolved
in the culture medium with DMSO (the final concentration
less than 0.1 %) to completely dissolve the compounds. Then,
20 μL of the MTT/medium solution (5 mg/mL in PBS) was
added to each well and the tumour cells were incubated in the
dark for 4 h. After removing the solution from the wells,
150 μL of DMSO was added to each well and the plate was
shaken for 5 min at 60 times per minute to dissolve the pre-
cipitate. The assay plate was measured using a microplate
reader at 570 nm, and the inhibitory activities were calculated.
The optical density values of three independent experiments
performed in triplicate were averaged. The relative cell sur-
vival rate was obtained by dividing the optical density value of
the test group by the optical density value of the control group.
A plot of the percentage of cell survival versus the concentra-
tions was used to determine the half-maximal concentration of
growth inhibition (IC50).

Statistical Analysis

All statistical analyses were performed using SPSS 11.5
(SPSS Inc. USA), and all data are expressed as the means±
SD. One-way ANOVAwas used to determine the differences
between multiple groups. Differences of P<0.05 were consid-
ered statistically significant.

Results and Discussion

Confirmation of Chemical Structures

High-resolution ESI-MS experiments determined the molec-
ular formulas of 1 and 2 as C30H48O6 and C30H48O5.

13C
spectral assignments are provided in Table 1. Inspection of
the downfield region of the proton NMR spectra indicated

the presence of compounds containing an ursane-type skele-
ton. 13C-NMR spectral data identified urs-12-ene types for all
structures 1–2, and this was also achieved by inspection of the
d-values of the olefinic carbons, revealing that C-12 is
deshielded by 2 ppm, otherwise C-13 is shielded by 5 ppm
compared to the corresponding carbons of olean-12-enes [23].
The chemical shift differences of the double bond carbons
were caused by the spatial proximity of the 19β-(equatori-
al)-methyl group in the urs-12-ene structure. An additional
spectroscopic characteristic was position C-18 in the urs-12-
enes (1–2), showing a strong downfield shift of δ11 ppm com-
pared with the olean-12-enes due to the missing shielding
effect of a 20β-(axial)-methyl-group [23].

Consistent with the reference data, the 13C-NMR reso-
nances for all triterpene acids in 1–2 were almost superimpos-
able. The 2, 3, 6, 23-tetrahydroxy-urs-12-en-28 oic acid (1),
the 6-hydroxyl derivate of 2, 3, 23-trihydroxy-urs-12-en-28
oic acid, was elucidated by the strong downfield shift of

Table 1 13C-NMR
spectral data of the three
components isolated by
gradient separation (δ-
values in ppm; all three
compounds measured in
pyridine-d5)

Carbon 13C (1) 13C (2) 13C (3)

1 48.2 47.9 38.7

2 68.9 69.1 27.4

3 78.7 78.9 79.0

4 43.1 42.9 38.9

5 48.7 48.8 55.3

6 67.6 18.9 18.3

7 39.3 33.6 34.3

8 39.5 40.4 40.8

9 48.9 48.5 50.4

10 37.9 38.6 37.2

11 25.0 23.9 20.9

12 126.0 125.9 25.2

13 138.6 138.7 38.1

14 44.2 43.8 42.9

15 28.7 29.0 27.5

16 26.0 25.5 35.6

17 48.0 48.1 43.0

18 53.3 53.3 48.3

19 38.0 38.7 48.0

20 39.0 39.6 151.0

21 31.0 31.1 29.9

22 37.5 37.6 40.0

23 66.5 67.4 28.0

24 15.5 15.5 15.4

25 17.4 17.4 16.13

26 18.7 19.1 15.9

27 23.7 24.3 14.6

28 179.2 179.5 18.0

29 17.7 17.7 109.3

30 21.1 21.4 19.3
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carbon C-6 with nearly 50 ppm. As expected, 13C-resonance
for the methylene group C-6 observed in substance 2 (δ-value
19 ppm) was not detectable in 1. C-7, in the β-position to the
hydroxyl group, was slightly deshielded by δ 6 ppm compared
to a chemical shift of δ 33.7 ppm in structure 2.

The identity of compound 3 (Fig. 1) was confirmed by
comparison of 1H and 13C NMR spectra in C5D5N with ref-
erence data as well as confirmation of distinct fragment peaks
in the mass spectrum. The aromatic region of the 1H spectrum
provided the information necessary for the elucidation of 3.
Chemical shifts were observed at δ 8.01 (d, J) 7.2 Hz, (H-2, 6),
7.56 (t, H-4), and 7.45 (t, H-3, 5). A characteristic “roofing
effect” was observed among peaks due to coupling between
adjacent protons H-2 with H-3 and H-3 with H-4. The 13C
spectrum showed two characteristic peaks at δ 151.0 (C-20)
and 109.3 (C-29). The chemical shifts and peak intensity pat-
terns displayed by three were consistent with those found in
the Spectral Data Base System (SDBS) [24]. The mass spec-
trum of 3 (C30H50O) gave a molecular ion at m/z 425 and loss
of a hydroxyl group at m/z 408 as the predominant peaks. We
have found no previous reports of lupeol isolated from
Pleurotus mushrooms.

Inhibition of MCF-7 Cell Proliferation

The inhibition of proliferation of human breast cancer MCF-7
cells by compounds 1–3 at different concentrations (10, 25,
50, 100 and 200 μM) are shown in Fig. 3. All of the com-
pounds significantly inhibited MCF-7 cell proliferation, with
compound 1 being the most effective anti-tumour agent (IC50

value of 15.71 μM), followed by compound 2 (IC50 value of
48 μM) and compound 3 (IC50 value of 66.89 μM). As the
concentrations of compounds 1–3 increased from 10 to
200 μM, the tumour cell survival rate significantly decreased
from 60.14 % to 22.99 %, 69.03 % to 29.21 % and 89.55 % to
20.12 %, respectively. Of these, lupeol has been reported to
have biological activity in humans [23] and is hypothesized to
have anti-tumour effect towards several cancer. Further

studies of the effect of lupeol on breast cancer are underway.
Lupeol slightly inhibited tumour cell growth in our assays.
The varying inhibition of the three purified compounds to-
wards tumour cells may be due to their differences in chemical
structure. Several functional groups, such as hydroxyl, car-
boxyl, and double bonds, may contribute to the proliferation
inhibition capacity of the three compounds, although their
structure–activity relationships remain unclear. Several possi-
ble mechanisms indicate that triterpenoids may exert anti-
tumour activities through the modulation of cellular prolifer-
ation, apoptosis, differentiation, inflammation, oxidative
stress, angiogenesis and several key signalling pathways im-
plicated in the initiation, promotion and progression of can-
cers [15–17].

Compound 1 showed greater anti-tumour activity than
compound 2, indicating that the presence of an additional
−OH group at C-6 enhances the cytotoxic effect. This was
consistent with previous reports. According to Huang
et al. [24], the number of hydroxyl groups in triterpene
may play a crucial role in their cytotoxicity against human
tumour cells. Yu et al. [25] found that the C-16 hydroxyl
group contributed to enhancing the biological activity of
tubeimoside ІІ. A similar result was also observed in the
study by Liu et al. [26], which indicated that the hydrox-
ylation at the C-3 of betulinic acid is important for murine
melanoma B16 cells apoptosis.

Compounds 1 and 2, with the carboxylic acid at C-28,
showed slightly more potent inhibitory activities in MCF-7
cells than compound 3, which lacks a carboxy group at
C-28. These results suggest that a free carboxylic group at
C-28may be important to exert antiproliferative activity. Yang
et al. [27] compared the anti-proliferative activity of
triterpenes from the leaves and twigs of Juglans sinensis and
found that the inhibitory activity on HSC-T6 cells decreased
when the −COOH at C-28 was replaced by a glucopyranoside
moiety. In addition, different carbon ring skeletons of the three
purified compounds may be responsible for their dissimilar
inhibitory activities. The ursane-type compounds 1 and 2
showed more potent antiproliferative activities than the
lupane-type compound 3. This is similar to the report that
ursane-type triterpenoids have greater inhibitory activities in
general than those of the oleanane type for the proliferation of
HSC-T6 cells [27]. A study also showed that most of the
oleanane-type triterpene saponins exhibit slight greater cyto-
toxicity than dammarane-type triterpene saponins towards
cervical cancer HeLa cells [24]. Moreover, the weaker anti-
tumour activity of compound 3 may be related to the absence
of a double bond at C-12,13, which is similar to the report that
a 5,6-double bond plays a significant role in biological effects
(apoptosis and cell cycle arrest) against the human 1547 cell
line [28]. Taken together, the carbon ring skeleton, the absence
of an hydroxyl group at C-6 and a free carboxylic group at
C-28, results in the weakest inhibitory activity of compound 3

Fig. 3 Triterpenoids inhibit the proliferation of human breast cancer
cells. Data are the means±SD, n=3
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for MCF-7 cell proliferation, compared with compound 1 and
compound 2.

In conclusion, our results provide new insight into the an-
ticarcinogenic action of triterpene acids in human breast can-
cer. Moreover, the triterpene compound 1 and compound 2
were isolated for the first time from EtOH extracts of the
edible mushroom P. eryngii. Therefore, our study may help
elucidate the health benefits of P. eryngii mushroom
consumption.
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