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Abstract. Chemotherapy is the preferred and most common 
treatment for cancer in clinical practice. An increasing 
number of researchers all over the world are focusing on 
natural medicines to find new antitumor drugs, and several 
reports have shown that Camellia nitidissima (C. nitidis-
sima) Chi could reduce blood-lipid, decrease blood pressure, 
resist oxidation, prevent carcinogenesis and inhibit tumors. 
Therefore, the pharmacodynamics of the chemical constitu-
ents in C. nitidissima need to be investigated further. In the 
present study, 16 chemical constituents were isolated from the 
leaves of C. nitidissima, of which 6 compounds are reported 
to be found in this plant for the first time. Furthermore, all 
these phytochemicals were screened for antitumor activity on 
4 common cancer cell lines, while compound 3, one oleanane-
type triterpene, exhibited the most potential antitumor effects. 
Interestingly, to our knowledge, this was the first report that 
compound  3 inhibits cancer cells. Compound  3 inhibited 
EGFR-mutant lung cancer cell line, NCI-H1975 via apop-
tosis effect, with an IC50 of 13.37±2.05 µM at 48 h. Based on 
the data, compound 3 showed potential for antitumor drug 
development, suggesting the scientific basis for the antitumor 
activity of C. nitidissima.

Introduction

China is facing critical issues caused by cancer with nearly 
2  million cancer deaths and more than 3  million cancer 
incidences annually  (1). Currently, chemotherapy, surgery, 
radiotherapy, biotherapy and other adjuvant therapy are 
common treatments for tumor. However, chemotherapy is 
the preferred and the most common treatment for patients in 
clinical practice (2). Yet, it is still lacks effective antitumor 
drugs, while some patients easily acquire resistance to many 
new drugs after a period of treatment. For example, the muta-
tion of T790M confers resistance to first-generation EGFR 
TKIs. Therefore, there is an urgent need to find new and 
effective antitumor drugs (3). Moreover, many chemotherapy 
drugs in clinical practice are from natural medicine, such as 
paclitaxel, vincristine, oxymatrine, and podophyllotoxin (4). 
An increasing number of researchers (5-7) from all over the 
world have been focusing on natural medicines to find new 
antitumor drugs.

Camellia nitidissima (C.  nitidissima) Chi (Theaceae 
family) is an evergreen tree, grown mainly in Guangxi, China. 
It is a popular commercial and ornamental plant with golden-
yellow flowers. C. nitidissima has also been classified as one 
of the rarest plants in China, and is known as ‘flora panda’ 
and ‘camellia queen’. The tree contains saponins, flavonoids, 
polyphenols, vitamins, amino acids and other nutrients for the 
organism (8). Therefore, locally C. nitidissima plays an impor-
tant role in human health. Moreover, several studies (8-10) 
showed that C. nitidissima could reduce blood-lipid, decrease 
blood pressure, resist oxidation, prevent carcinogenesis and 
inhibit tumor growth. However, most of the pharmacodynamics 
studies of C. nitidissima are based on the crude extracts from 
the camellia. Therefore, it is necessary to investigate bioactive 
phytochemicals in C. nitidissima.

In this study, 16 phytochemicals were isolated from the 
leaves of C. nitidissima by undergoing purification via repeated 
silica gel chromatography (Sephadex LH-20, MCI gel columns), 
recrystallization, and semi-preparative HPLC techniques. The 
chemical structures were identified on the basis of spectral 
data including NMR and MS. Subsequently, the antitumor 
activity screening of the chemical constituents on 4 common 
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cancer cell lines were detected by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assays. In further 
experiments, we evaluated the IC50 of compound 3 on the 
NCI-H1975 and detected the apoptosis effect by Annexin V/PI 
double staining to explore the potential mechanism. Finally, the 
apoptosis effect was confirmed by western blot analysis.

In brief, 16 chemical constituents were isolated from the 
leaves of C. nitidissima, and 6 phytochemicals (compound 2, 
3, 5, 6, 7 and 10) were first reported in this plant in this study, 
while other 8 phytochemicals were first reported in this plant 
in our previous published study (11). Furthermore, we evalu-
ated the antitumor activity of 16 phytochemicals on 4 different 
cancer cell lines (3 different cancer types). To our knowledge, 
it is the first study that compound  3 has the most potent 
antitumor effect, based on the screening data of 4 common 
malignant cancer cells, showing potential for antitumor drug 
development.

Materials and methods

Preparation of chemical constituents. The leaves from 
C. nitidissima were collected from Fangchenggang, China, 
and authenticated by Mr. Ji-zhu Yang (where?). The leaves 
were air-dried and coarsely powdered. The powdered leaves 
of C. nitidissima (6.3 kg) were extracted with 95% ethanol 
three times (3, 2 and 1 h) under reflux. The ethanolic extracts 
were combined and concentrated under reduced pressure. 
The concentrated extract was suspended in water, partitioned 
with ethyl acetate (EtOAc, Shuangling Chemical Reagent 
Co. 295 g), and n-butanol (n-BuOH, Shuangling Chemical 
Reagent Co. 137 g) successively. The EtOAc fraction (285 g) 
was subjected to silica gel column chromatography and eluted 
with a petroleum ether-acetone (PE-CP, 10:1→0:1) gradient 
system to yield six fractions (Frs. 1-6) on the basis of TLC 
analysis. Fr. 1 was further subjected to silica gel column 
chromatography and eluted with PE-CP  (5:1) to obtain 
the compounds; compound 1, compound 2, compound 3, 
compound 15, and compound 16. Compound 5, compound 6, 
and compound  7 were obtained from Fr.  4. Seven sub-
fractions from Fr. 1 were subjected to repeated silica gel 
chromatography, including C18 silica gel chromatography, 
Sephadex LH-20 chromatography, and MCI gel column 
chromatography, and a semi-preparative HPLC technique 
(Agilent HPLC with Hypersil ODS column (150x4.6 mm), 
respectively. compound 4 was obtained from sub‑fraction 1; 
compound 8 and compound 12 were obtained from sub-
fraction 3; and compound 13, compound 4, and compound 11 
were obtained finally from sub-fraction 4; Compound 13 
was obtained from Fr. 5; compound 14 was recrystallized 
from Fr.  6 (CH2Cl2‑MeOH  10:1). Compounds  9 and 10 
were obtained by further silica gel column chromatography 
(CH2Cl2-MeOH 10:1) of this fraction.

Cell culture. The human lung cancer cell lines, A549 and 
NCI-H1975 were cultured in RPMI-1640 (Gibco, Grand Island, 
NY, USA). The human gastric cancer cell line, HGC-27 was 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Gibco). The colon cancer cell line, SW620 was cultured in 
L-15 (Gibco). All the cell lines were obtained from the Cell 
Bank of the Institute of Biochemistry and Cell Biology, 

Chinese Academy of Sciences (Shanghai, China). The media 
were supplemented with 10%  fetal bovine serum (FBS; 
Gibco), 100 U/ml penicillin and 100 U/ml streptomycin. The 
cells were incubated in a humidified atmosphere with 95% air 
and 5% CO2 at 37˚C.

Cell proliferation assays. Cell proliferation assays were 
performed by MTT as previously described. Briefly, cells 
were harvested, washed with phosphate-buffered saline (PBS) 
and digested with trypsin, then plated in 96-well plates, at a 
density of ~2x103 cells in each well. Twelve hours later, cells 
were treated with chemical constituent at specified concentra-
tions for additional 48 h. Then cells were treated with MTT for 
4 h. After the media was removed, the newly formed formazan 
was dissolved and measured by enzyme-linked immunosor-
bent assay (ELISA) reader at a wavelength of 570 nm, and the 
results are presented as mean standard deviation (SD). In addi-
tion, triplicate experiments were performed in parallel.

Annexin  V/PI double staining. The apoptosis effect was 
detected by the Annexin V/PI double staining. After treat-
ment with chemical constituents for 48 h, the apoptotic cells 
were stained by the Annexin V-FITC Apoptosis Detection 
kit (Vazyme Biotech, Jiangsu, China). Then, the stained cells 
were immediately analysed by flow cytometry. Data acquisi-
tion and analysis were performed with a Becton-Dickinson 
FACSCalibur flow cytometer via the Cell Quest software 
(Becton-Dickinson, Franklin Lakes, NJ, USA).

Western blot analysis. Total cell lysates were extracted 
from the untreated and treated cells, adding phosphatase 
and protease inhibitors. The proteins were fractionated by 
6-15% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and electroblotted onto PVDF 
membrane (Millipore, Billerica, MA, USA). Subsequently, the 
membranes were blocked with 5% non-fat milk and incubated 
with primary antibodies (diluted in 1% BSA-TBST) for 18 h 
at 4˚C. Next, they were probed with secondary antibodies 
for 1 h at room temperature. Subsequently, the expression 
of the target proteins was detected by Immobilon Western 
Chemiluminescent HRP Substrate (Millipore).

Statistical analysis. The results were expressed as the means ± stan-
dard deviation (SD). GraphPad Prism 5.0 and Student's t-test were 
used to determine the level of significance. Only the P-value 
of <0.05 was considered as statistically significant.

Results

Sixteen chemical constituents were isolated and identified from 
the leaves of C. nitidissima. Based on a previous study (9), we 
explored the phytochemicals derived from the extractive fractions 
of C. nitidissima with antitumor effect, according to the flow 
diagram shown in Fig. 1. Finally, 16 compounds, including flavo-
noids, C-27 steroidal saponins, monoterpenes, and triterpenes 
were identified as follows: compound  1: 3β-acetoxy-20-
lupanol (11); compound 2: 3β,6α,13β-trihydroxyolean-7-one (12); 
compound 3: A1-barrigenol-22a-angelate (13); compound 4: (3R, 
6R, 7E) -3-hydroxy-4,7-megastigmadien-9-one (11); compound 5: 
β-D-glucopyranoside, 3-[(1-oxo-9,12,15-octadecadienyl)oxy]-



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  41:  2793-2801,  2018 2795

2-[(1-oxo-9,12,15-octadecatrienyl)oxy  (14); compound  6: 
β-D-glucopyranoside, 2-[[(9Z,12Z,15Z)-1-oxo-9,12,15-
octadecatrien-1-yl]oxy]-3-[(1-oxooctyl)oxy]propyl  (15); 
compound  7: β-D-Glucopyranoside,3-[(1-oxo-9,12-octade
cadienyl)oxy]-2-[(1-oxo-9,12,15-octadecatrienyl)oxy]propyl (16); 
compound 8: kaempferol3-O-[2-O-(trans-p-coumaroyl)-3-O-α-
D-glucopyranosyl]-α-D-glucopyranoside  (11); compound  9: 
stigmasta-7,22-diene-3-O-[α-L-arabinopyranosyl(1→2)]-β-D-gala
ctopyranoside  (11); compound  10: β-D-galactopyranoside, 
(2S)-2-(acetyloxy)-3-[[(9Z)-1-oxo-9-octadecen-1-yl]oxy]propyl (17); 
compound 11: aromadendrin(11); compound 12: α-spinasteryl-β-
D-glucopyranoside (11); compound 13: catechin (11); compound 14: 
phlorizin4'-O-β-D-glucopyranoside  (11); compound  15: 
3β,6α,13β-trihydroxyolean-7-one (11); compound 16: dodecanoic 
acid (11).

The structures of these 16 chemical constituents are 
shown in Fig. 2, and the spectra are described as follows: 

Compound  1: the spectrum was reported previously  (11). 
Compound 2: C32H50O5 1H-NMR (400 MHz, CDCl3-d1) δ:1.14 
(2H, H-1α), 2.60 (2H, ddd, J=14.00, 3.24, 3.24, H-1β), 1.61 (2H, 
H-2), 4.49 (1H, dd, J=12.3, 8.0, H-3α), 1.54 (1H, H-5), 4.92 
(1H, d, J=12.03, H-6β), 0.83 (1H, H-9), 1.57 (2H, H-11), 1.21 
(2H, H-12), 1.00 (2H, H-15α), 2.11 (2H, ddd, J=13.74, 13.6, 
4.2, H-15β), 1.82 (2H, ddd, J=13.48, 12.70, 3.97, H-16α), 1.19 
(2H, H-16β), 1.51 (1H, H-18), 1.98 (2H, dd, J=12.74, H-19α), 
1.25 (2H, H-19β), 1.47 (2H, H-21a), 1.33 (2H, H-21b), 1.39 
(2H, H-22a), 1.10 (2H, H-22b), 0.87 (3H, s, H-23), 0.90 (3H, s, 
H-24), 1.19 (3H, s, H-25), 1.37 (3H, s, H-26), 0.92 (3H, s, H-27), 
1.23 (3H, s, H-28), 0.95 (3H, s, H-29), 0.89 (3H, s, H-30), 2.04 
(3H, H-2') 13C-NMR (100 MHz, CDCl3-d1) δ: 39.9 (C-1), 23.8 
(C-2), 80.5 (C-3), 39.3 (C-4), 56.7 (C-5), 72.2 (C-6), 211.2 (C-7), 
43.3 (C-8), 55.3 (C-9), 38.2 (C-10), 17.5 (C-11), 33.9 (C-12), 
82.3 (C-13), 45.0 (C-14), 22.5 (C-15), 29.7 (C-16), 33.5 (C-17), 
49.1 (C-18), 38.5 (C-19), 31.3 (C-20), 34.0 (C-21), 39.0 (C-22), 

Figure 1. The antitumor activity screening of chemical constituents. (A) The plant of Camellia nitidissima Chi. (B) The process of extraction. (C) The different 
extractive fractions of Camellia nitidissima Chi. (D) The antitumor activity screening of different extractive fractions were analysed by MTT assays and 
mouse sarcoma 180 subcutaneous graft tumor model. (E) The effective extractive fraction. (F) The separation of effective fraction. (G) The identification of 
the chemical constituents. (H) Sixteen chemical constituents were derived from Camellia nitidissima Chi. (I) The antitumor activity screening of 16 chemical 
constituents. (J) The mechanisms were explored by apoptosis assay and western blot analysis.
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28.1 (C-23), 16.4 (C-24), 16.0 (C-25), 20.5 (C-26), 18.4 (C-27), 
31.3 (C-28), 31.8 (C-29), 25.0 (C-30), 171.0 (C-1'), 21.3 (C-2'). 
Compound  3: C35H52O6 1H-NMR (600 MHz, MeOH‑d4) 
δ: 3.17 (1H, dd, J=4.2, 11.4, H-3), 5.26 (1H, t, J=3.6, H-12), 3.79 
(1H, d, J=10.2, H-15), 3.92 (1H, d, J=4.2, H-16), 2.54 (1H, dd, 
J=4.2, 14.4, H-18), 5.45 (1H, dd, J=6.0, 12.0, H-22), 0.98 (3H, s, 

H-23), 0.78 (3H, s, H-24), 0.95 (3H, s, H-25), 1.02 (3H, s, H-26), 
1.40 (3H, s, H-27), 3.09, 3.22 (2H, d, J=10.8, H-28), 0.90 (3H, 
s, H-29), 1.04 (3H, s, H-30), 6.03 (1H, dq, J=1.2, 7.2, H-3'), 1.99 
(3H, dd, J=1.8, 7.2, H-4'), 1.90 (3H, br t, J=1.8, H-5') 13C-NMR 
(150 MHz, MeOH-d4) δ: 39.8 (C-1), 27.9 (C-2), 79.7 (C-3), 
38.2 (C-4), 56.6 (C-5), 19.7 (C-6), 37.2 (C-7), 41.9 (C-8), 48.2 

Figure 2. The structures of 16 chemical constituents. Compound 1: 3β-acetoxy-20-lupanol; compound 2: 3β, 6α, 13β-trihydroxyolean-7-one; compound 3: 
A1-barrigenol 22a-angelate; compound 4: (3R, 6R, 7E) -3-hydroxy-4,7-megastigmadien-9-one; ψompound 5: β-D-glucopyranoside, 3-[(1-oxo-9,12,15-octadecadi-
enyl)oxy]-2-[(1-oxo-9,12,15-octadecatrienyl)oxy]; compound 6: β-D-glucopyranoside,2-[[(9Z,12Z, 15Z)-1-oxo-9,12,15-octadecatrien-1-yl]oxy]-3-[(1-oxooctyl)
oxy]propyl; compound 7: β-D-glucopyranoside, 3-[(1-oxo-9,12-octadecadienyl)oxy]-2-[(1-oxo-9,12,15-octadecatrienyl)oxy]propyl; compound 8: kaempferol; 
compound 9: stigmasta-7,22-diene-3-O -[α-L-arabinopyranosyl(1→2)]-β-D-galactopyranoside; compound 10: β-D- galactopyranoside,(2S)-2-(acetyloxy)-
3-[[(9Z)-1-oxo-9-octadecen-1-yl]oxy]propyl; compound 11: aromadendrin; compound 12: α-spinasteryl-β-D-glucopyranoside; compound 13: catechin; 
compound 14: phlorizin 4'-O-β-D-glucopyranoside; compound 15: 3β,6α,13β-trihydroxyolean-7-one; compound 16: dodecanoic acid. The structures of com-
pound 1, 4, 8, 9, 11, 12, 13, 14, 15 and 16 were reported in our previous study (11).
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(C-9), 33.6 (C-10), 24.7 (C-11), 123.4 (C-12), 144.5 (C-13), 45.7 
(C-14), 68.5 (C-15), 75.4 (C-16), 41.9 (C-17), 42.9 (C-18), 47.6 
(C-19), 33.6 (C-20) 42.3 (C-21), 73.3 (C-22), 28.7 (C-23), 16.2 
(C-24), 15.9 (C-25), 17.8 (C-26), 20.9 (C-27), 63.8 (C-28), 32.4 
(C-29), 25.1 (C-30), 169.5 (C-1'), 130.0 (C-2'), 138.1 (C-3'), 16.3 
(C-4'), 21.1 (C-5'). Compound 4: the spectrum was reported 
previously (11). Compound 5: C41H66O10 1H-NMR (600 MHz, 
MeOH-d4) δ: 3.97 (2H, dd, J=5.410.8, H-1), 4.22 (2H, d, J=7.2, 
H-3) 13C-NMR (150 MHz, MeOH-d4) δ: 68.7 (C-1), 70.2 (C-2), 
64.0 (C-3), 105.4 (C-1'), 72.4 (C-2'), 74.9 (C-3'), 71.8 (C-4'), 
76.8 (C-5'), 62.5 (C-6'), 175.0 (C-1''), 174.7 (C-1'''), 23.6-35.1 
(C-2''‑C-6'', C-9'', C-12'', C-15'', C-2'''-C-6''', C-9''', C-12''', C-15'''), 
129.1-133.8 (C-7''-C-8'', C-10''-C-11'', C-13''-C-14'', C-7'''-C-8''', 
C-10'''-C-11''', C-13'''-C-14'''), 14.5 (C-16''), 14.5 (C-16'''). 
Compound  6: C35H60O10 1H-NMR (600  MHz, MeOH-d4) 
δ:4.42 (1H, dd, J=3,12, H-6'), 5.19 (1H, m, C=CH) 13C-NMR 
(150 MHz, MeOH-d4) δ: 68.7 (C-1), 71.8 (C-2), 64.0 (C-3), 
105.4 (C-1'), 72.4 (C-2'), 74.9 (C-3'), 70.2 (C-4'), 76.8 (C-5'), 
62.5 (C-6'), 175.1 (C-1''), 174.8 (C-1'''), 129.0‑133.8 (C-9'''-C-10''', 
C-12'''-C-13''', C-15'''-C-16'''), 26.0‑35.1 (C-2''-C-8'', C-11''', 
C-14''', C-17'''), 14.0 (C-8''), 14.4 (C-18''). Compound 7: C45H76O10 
1H-NMR (600 MHz, MeOH‑d4) δ: 5.32 (1H, m, C=CH), 0.06 
(3H, s, H-18'', H-18'''), 4.42 (1H, dd, J=3, 12, H-6') 13C-NMR 
(150 MHz, MeOH-d4) δ: 68.7 (C-1), 70.2 (C-2), 64.0 (C-3), 
105.4 (C-1'), 72.4 (C-2'), 74.9 (C-3'), 71.8 (C-4'), 76.8 (C-5'), 
62.5 (C-6'), 175.0 (C-1''), 174.7 (C-1'''), 128.2 -132.7 (C-9''‑C‑10'', 
C-12''-C-13'', C-15'''-C-16''', C-9'''-C-10''', C-12'''-C-13'''), 
21.5-35.1 (C-2''-C-8'', C-11'', C-14''-C-17'', C-2'''-C-8''', C-11''', 
C-16''', C-17'''). Compound  8: the spectrum was reported 
previously (11). Compound 9: the spectrum was reported previ-
ously (11). Compound 10: C29H52O10 1H-NMR (600 MHz, 
MeOH-d4) δ: 3.97 (2H, dd, J=5.4, 10.8, H-1), 5.25 (1H, m, H-2), 

4.21 (2H, dd, J=7.2, 12.0, H-3), 4.17 (1H, d, J=7.8, H-1'), 3.45 
(1H, H-2'), 3.40 (1H, dd, J=3.6, 9.6,H-3'), 3.76 (1H, d, J=3.6, 
H-4'), 3.44 (1H, m, H-5'), 3.67 (2H, H-6') 13C-NMR (150 MHz, 
MeOH-d4) δ: 68.7 (C-1), 71.8 (C-2), 64.0 (C-3), 105.4 (C-1'), 
72.4 (C-2'), 74.9 (C-3'), 70.2 (C-4'), 76.8 (C-5') 62.5 (C-6'), 175.0 
(C-1''), 174.7 (C-1'''), 26.0-35.1 (C-2''-C-8'', C-11''-C-17''), 129.2 
(C-9''), 128.9 (C-10''), 14.0 (C-18''), 14.0 (C-2'''). Compound 11: 
the spectrum was reported previously (11). Compound 12: the 
spectrum was reported previously (11). Compound 13: the spec-
trum was reported previously (11). Compound 14: the spectrum 
was reported previously (11). Compound 15: the spectrum was 
reported previously  (11). Compound 16: the spectrum was 
reported previously (11).

In conclusion, excluding compound 11 and compound 1, other 
14 chemical constituents were first discovered in this plant by our 
group. In this study, 6 phytochemicals (compound 2, 3, 5, 6, 7 and 
10) were reported for the first time in this plant, whereas other 
8 phytochemicals were first reported in this plant in our previously 
published study (11). The preliminary screening of the extrac-
tive fractions for antitumor activity showed that the extracts of 
C. nitidissima could significantly inhibit cancer cell proliferation 
by MTT assays and mouse sarcoma 180 subcutaneous graft tumor 
model in our previous study (18). However, the antitumor activity 
of the 16 specific chemical constituents need to be evaluated.

The antitumor activity screening of 16 chemical constituents. 
Lung cancer, gastric cancer, breast cancer and colon cancer 
are the most common malignant tumors worldwide, and espe-
cially in China. Therefore, the 16 chemical constituents from 
C. nitidissima were screened for antitumor activity on 3 cancer 
cell lines via MTT assays. As shown in Fig. 3A and B, several 
natural medicines exhibited significant antitumor effects on 

Figure 3. Antitumor activity screening of the chemical constituents. (A) A549 and (B) HGC-27 cells were treated with the 16 chemical constituents at concen-
trations of 1, 10 and 50 µM for 72 h. (C) SW-620 cells were treated with the 16 chemical constituents at concentrations of 1 and 10 µM for 72 h. The effect of 
16 chemical constituents on cell growth was examined by MTT assay. Each experiment was repeated at least three times. Bars represent the SEM.
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A549 and HGC-27 at a high concentration (50 µM). However, 
only compound 3 even had evident antitumor effects at 10 µM. 
Furthermore, the 16 chemical constituents exhibited little 
effect on SW620 (Fig. 3C). Compared to the other chemical 
constituents, compound 3 showed superior antitumor effects. 
Interestingly, to our knowledge, this is the first study that 
compound 3 inhibited cancer cells. In brief, compound 2, 3 
and 15 exhibited more significant antitumor effect than others, 
showing potential for antitumor drug development.

The antitumor activity of compound 3 on EGFR-T790M resistant 
NSCLC cell line NCI-H1975. Our group has focused on EGFR 
and EGFR inhibitors for a long time (19). The recognized EGFR-
mutant lung cancer cell line, NCI-H1975 has a point mutation for 
T790M in exon 20, which confers resistance to first-generation 
EGFR TKIs such as gefitinib and erlotinib (20). As the screening 
data in Fig. 4, only 3 natural medicines exhibited significant 
antitumor effect on the NCI-H1975 cell line (Fig. 4A). Obviously, 
compound 3 had the most prominent antitumor effect in the 
16 natural medicines, based on the screening data of 4 common 
malignant cancer cell lines. Furthermore, compound 3 inhibited 

the proliferation of NCI-H1975 in a dose and time-dependent 
manner (Fig. 4B)with an the IC50 of 13.37±2.05 µM at 48 h treat-
ment (Fig. 4C). Therefore, to our knowledge, this is the first study 
showing that compound 3 may help solve the problem of drug 
resistance to first-generation EGFR TKIs.

Compound  3 induces apoptosis of the NCI-H1975 cell 
line. The antitumor effect of compound 3 was confirmed in 
above results, but the mechanisms relating to the antitumor 
activity remained unknown. Apoptosis is one of the most 
common mechanisms of natural medicines  (21,22). The 
Annexin V/PI double staining showed significant apoptosis 
effects of compound 3 on NCI-H1975 at 10 µM (Fig. 5).

Furthermore, the marker proteins of apoptosis effect such 
as cleaved caspase-3, caspase-9 and cleaved PARP, were 
upregulated by compound 3 (Fig. 6). The relevant apoptosis 
pathways included mitochondrial mediated apoptosis and 
death receptor mediated apoptosis. The expression of Bax 
was upregulated, but the expression of Bcl-2 was downregu-
lated (Fig. 6), suggesting apoptosis may be via mitochondrial 
mediated apoptosis pathway.

Figure 4. The antitumor activity of compound 3 on EGFR-T790M resistance NSCLC cells. (A) NCI-H1975 cells were treated with the 16 chemical constituents 
at concentrations of 10 and 50 µM for 72 h. (B) NCI-H1975 cells were treated with various concentrations of compound 3 for 12, 24 and 48 h. (C) NCI-H1975 
cells were treated with compound 3 at concentrations ranging from 1 to 50 µM for 48 h and the value of IC50 was calculated. The effect of compound 3 on cell 
growth was examined by MTT assay. Each experiment was repeated at least three times. Bars represent the SEM. Values significantly different from that of 
the control group are denoted with an asterisk (P<0.05).

Figure 5. Compound 3 induces apoptosis of the NCI-H1975 cell line. (A) NCI-H1975 cells were treated with compound 3 at concentrations of 2.5, 5 and 10 µM 
for 48 h. Cell apoptosis percentages were determined by flow cytometry with Annexin V/PI double staining (means ± SD). (B) The degree of apoptotic cell 
death was quantified for each condition. The experiment was repeated at least three times.
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Discussion

The drug development based on natural medicine is considered 
to be a more targeted approach (23) than random screening. An 
increasing number of researchers all over the world are focusing 
on natural medicine to find new antitumor drugs (24,25). In this 
study, 16 chemical constituents were isolated from the leaves 
of C. nitidissima, and 6 compounds were discovered in this 
plant for the first time. Meanwhile, an oleanane-type triterpene, 
compound 3, exhibited the most potential antitumor effects, 
based on a mass of drug screening studies. To our knowledge, 
this is the first study that compound 3 inhibited cancer cells, 
and compound 3 could inhibit the EGFR-mutant lung cancer 
cell line NCI-H1975 via apoptosis effect. Based on these data, 
compound 3 showed potential for antitumor drug development.

Several previous studies (9,26) have suggested that the crude 
extracts of C. nitidissima could inhibit cancer growth, whereas 
our study also showed the prevention effects of crude extracts on 
carcinogenesis. However, the pharmacodynamics of the chemical 
constituents derived from C. nitidissima need to be explored. 
Until now, only a few chemical constituents have been isolated 
and identified from C. nitidissima (11). Therefore, 6 compounds 
among the 16 chemical constituents are first reported in this plant. 
Furthermore, based on extensive drug screening, compound 3 
was found to be a potential antitumor drug. Interestingly, to our 
knowledge, this is the first study of compound 3 demonstrating an 
antitumor effect. Consequently, these data provide the scientific 
basis for antitumor activity of C. nitidissima.

Compound  3 is an oleanane-type triterpene which is 
widely used in traditional Chinese medicine (TCM), and is 

the most common type of terpene (27). Common triterpenoids 
can be divided into oleanane type, dammarane type, ursane 
type, lupane type and friedelane type. Triterpene compounds 
have many beneficial physiological and pharmacological func-
tions (27), including antitumor, anti-inflammatory, antiviral, 
and antibacterial activities. Therefore, triterpene components 
can be considered as potential therapeutic strategy for the 
prevention and treatment of tumors in the future (28).

Chemotherapy is the preferred and the most common treat-
ment for patients in clinical practice (2). Although, the world 
famous pharmaceutical companies have been committed to 
antitumor drugs development, there is a lack of effective anti-
tumor drugs. Because some patients easily acquire resistance 
to many new drugs after a period of treatment. For example 
the mutation of T790M confers resistance to first-generation 
EGFR TKIs (20,29). Our group has been focused on natural 
medicines for antitumor effect. And, we have discovered 
some effective antitumor drugs from traditional Chinese 
Medicine (19,30). It is believed that the drug development 
based on natural medicine is a more targeted approach.

The antitumor effects of compound 3 on lung cancer cells 
via apoptosis were significant, in vitro. However, the detailed 
regulation mechanisms may need to be further explored. Similar 
to many studies on natural medicine (31), the antitumor effects 
should be confirmed via orthotopic tumor models, in vivo.

On the basis of these findings, compound 3 showed the 
potential to be developed as an antitumor drug, and provided a 
scientific basis for the antitumor activity of C. nitidissima. The 
study based on natural medicine is a targeted mode for new 
drug research and development.

Figure 6. The apoptosis effect on NCI-H1975 induced by compound 3 via the mitochondrial mediated apoptosis pathway. (A) NCI-H1975 cells were treated 
with compound 3 at concentrations of 2.5, 5 and 10 µM for 48 h. Cells were lysed for the detection of the expression of Bax, Bcl-2, caspase-9, caspase-3, cleaved 
caspase-3, PARP, cleaved PARP and β-actin by western blot analysis. (B) Relative protein levels compared to the control group are shown as mean ± SD. The 
experiment was repeated at least three times.
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