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ABSTRACT: Triterpenoid saponins are the main active ingredients 

extracted from Camellia oleifera Abel. In this study, crude saponins (Tc) 

was extracted from tea seed pomace and purified to obtain total saponins 

(T0). We used a COSMOSIL C18-OPN to separate T0 into three 

fractions—highly polar saponins (T1), moderately polar saponins (T2), 

and weakly polar saponins (T3). HPLC-ESI-MS
 
analysis revealed that 

T2 were mainly composed of components with m/z ([M-H]–) of 

1201.5617, 1187.5822, 1245.5862, and 1215.5779. Cell cycle analysis 

showed that both T0 and T2 inhibited proliferation and induced S phase 

arrest of MCF-7 cells. Further cell invasion assays demonstrated T0 and 

T2 also significantly reduced the invasive potential of MCF-7 cells. So 

T2 extracted from tea seed pomace (Camellia oleifera) may have 

effective antitumor activity. 
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Experimental  

Purification using COSMOSIL C18-OPN 

Crude saponins (Tc) were extracted from tea seed pomace of C. oleifera (Shucheng, 

Anhui, China) by pulverization, methanol extraction, and vacuum rotary evaporation 

(Zhang et al. 2012). The obtained extract (Tc) was purified through AB-8 

macroporous resin (Bonc, Cangzhou, China) adsorption combined with a silica gel 

column (Qingdao Shenghai Silicon Material Co. Ltd., Qingdao, China) and total 

saponins (T0) of high purity was obtained. An appropriate amount of COSMOSIL 

C18-OPN (YMC, Tokyo, Japan) was weighed out and swelled with methanol prior to 

wet column packing (30 mm × 500 mm). A portion of T0 (3 g) was dissolved in 10 

mL methanol solution (50%) and then filtered through a 0.22 µm organic membrane. 

The filtrate was loaded onto the COSMOSIL C18-OPN in batches and separately 

eluted with 1.5-fold volumes of 50%, 60%, 70%, and 100% methanol-water solutions. 

Following vacuum rotary evaporation, the eluate was collected and freeze-dried. The 

fraction eluted by 50% methanol-water consisted of impurities. Fractions eluted by 

60%, 70%, and 100% methanol-water were T1, T2, and T3, respectively. Mass 

spectrometry was performed using a Thermo Scientific LTQ Orbitrap XL instrument 

(Thermo Electron, Bremen, Germany) equipped with an ESI source operated in the 

negative-ion modes  for qualitative analysis, and HPLC-MS/MS
 
was used for 

molecular formula speculation. (Zhang et al. 2012). 

MCF-7 cell culture 

MCF-7 human breast cancer cells were obtained from the Department 

of Pharmacology, Medical College of Qingdao University. Cells were cultured in 

RPMI-1640 medium supplemented with 10% fetal bovine serum and cultured at 37°C 

with 5% CO2 using aseptic techniques. Once they reached 70% confluence, cells 

were passaged. Cells growing in exponential phase were used for experiments. 

MTT assay 

The effect of triterpene saponins on MCF-7 cell proliferation was measured by MTT 

assay. MCF-7 cells were seeded in a 96-well plate at a density of 5000 cells per well. 

Cells were added with 100 µL of saponin fractions (Tc, T0, T1, T2, and T3) at 
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different concentrations. Six parallel wells were set for each group, and the plate was 

incubated at 37°C with 5% CO2 for 24 h. Next, 20 μL of 5 mg/mL MTT was added to 

each well and the plate was incubated at 37°C for an additional 4 h. The plate was 

then centrifuged, and the supernatants were discarded. 200 μL of DMSO was added to 

each well. The plate was then mixed by shaking to completely dissolve the 

precipitate. After 15 min, the optical density at 570 nm (OD570nm) was measured 

using a microplate reader (ElxsA, ThermoLabsystem) (Armania et al. 2013). The 

growth inhibition rate of different concentrations of triterpene saponins was calculated 

as follows: cell growth inhibition (%) = (MCF-7 control – MCF-7 sample) / MCF-7 

control × 100%. IC50-software was used to compare saponin concentration and cell 

survival, and the half inhibitory concentration (IC50) of each saponin fraction was 

calculated. 

Cell cycle analysis 

The effect of triterpene saponins on the cell cycle was determined by flow cytometry. 

MCF-7 cells were harvested and adjusted to a density of 5 × 104 cells per mL. After 

24 h of pre-incubation, the culture medium was replaced with medium containing 

different concentrations of T0 and T2; RPMI1640 medium containing 0.2% DMSO 

was used as a negative control. After 24 h of incubation, the cells were washed twice 

with prechilled phosphate buffer saline, centrifuged at 4°C, and fixed overnight in 

chilled 70% ethanol. Freshly prepared propidium iodide dye (50 μg/mL) was then 

added to the cells, which were incubated in the dark at 37°C for 30 min. Flow 

cytometry was performed (Xue et al. 2013; Yuhua et al. 2014). A total of 10,000 cells 

were counted and their DNA content determined. The cell cycle was analysed using 

Modfit 7.0 software. 

Cell invasion assay 

Proliferating MCF-7 cells were trypsinized and harvested. After adjusting cell density 

to 4 × 105 cells/mL, different concentrations of T0 and T2 were added to each cell 

suspension and mixed. 200 μL of mixed cell suspension was added to each Transwell 

chamber and then incubated at 37°C. After 24 h, the chamber was stained with 0.1% 

crystal violet dye for 30 min and examined by light microscopy (Liu et al. 2008; 



Wang et al. 2013). Cells were counted and photographed in five fields of view, 

including the upper left, lower left, upper right, lower right, and center regions of the 

chamber. The migration capacity of tumor cells following T0 and T2 treatments was 

analysed.  

Statistical Analysis 

The mean values and standard deviations were calculated using Excel 2007 

(Microsoft Corp., Redmond, MA, USA). Data were subject to statistical analysis 

using the software package SPSS Statistics 17.0 for Windows (release 17.0.1; SPSS 

Inc., Chicago, IL, USA, 2008). A statistically significant difference difference was 

considered at *P<0.05, **P<0.01 and ***P<0.001. 

Figures 

Figure S1. Purification of trterpene saponins from tea seed pomace. (T0) total 

saponins; (T1) 60% ethanol-water eluate; (T2) 70% ethanol-water eluate; (T3) 100% 

ethanol-water eluate.  

Figure S2. HPLC-ESI-MS analysis of components 4 (A), 11 (B), 13 (C), and 14 (D) 

in T2. 

Figure S3. a: 
13

C-NMR (100 MHz, methanol-d4) of Camellisaponin B1; b: 
1
H-NMR 

(400MHz,methanol-d4) of Camellisaponin B1; c: 
1
H-NMR (400MHz, pryidine-d5) of 

oleiferasaponin A1. 

Figure S4. Cytotoxicity of MCF-7 cells treated with different mixtures of saponins 

from tea seed pomace. 

Figure S5. Cell cycle distribution of MCF-7 cells treated with T0 and T2 at indicated 

concentrations for 24 h. 

Figure S6. Effects of T0 and T2 on cell invasion and migration capacity of MCF-7 

cells.  

Table S1. 
13

C-NMR (100MHz) data of Component 14 (in methanol-d4; δ in ppm, J in 

Hz) 
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Figure S4 

 

 

 

 

 

 

 

 

 

Figure S5  

 

 

 

 



Figure S6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1 

 

No. δC No. δC 

1 39.38 3-O-GlcA 

2 25.76 GlcA-1′ 104.7 

3 86.39 GlcA-2′ 78.33 

4 56.28 GlcA-3′ 83.77 

5 48.51 GlcA-4′ 70.56 

6 21.25 GlcA-5′ 76.93 

7 33.27 GlcA-6′ 172.09 

8 42.1 2′-O-Gal 

9 47.94 Gal-1′′ 102.5 

10 36.98 Gal-2′′ 73.43 

11 24.63 Gal-3′′ 74.83 

12 124.23 Gal-4′′ 70.94 

13 144.03 Gal-5′′ 76.24 

14 41.3 Gal-6′′ 62.53 

15 35.25 3′-O-Ara 

16 70.33 Ara-1′′′ 101.4 

17 45.32 Ara-2′′′ 83.18 

18 41.30 Ara-3′′′ 71.01 

19 42.11 Ara-4′′′ 67.31 

20 32.5 Ara-5′′′ 64.87 

21 42.55 2′′′-O-Glc 

22 73.43 Glc-1′′′′ 107.6 

23 210.8 Glc-2′′′′ 75.04 

24 10.9 Glc-3′′′′ 76.22 

25 17.31 Glc-4′′′′ 71.01 

26 16.45 Glc-5′′′′ 77.87 

27 32.5 Glc-6′′′′ 62.61 

28 42.55 22-O-Ang 

29 33.64 Ang-1 169.71 

30 25.29 Ang-2 129.951 

  Ang-3 138.13 

  Ang-4 15.96 

  Ang-5 20.94 
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