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Bombax ceiba is a traditional medicinal tree that is useful in the treatment of anti-tumor, anti-

microbial, anti-oxidant, colds, coughs, etc. β-amyrin is a biologically active compound that was 

isolated from the EtOH extract of B. ceiba leaves. This work describes the anticancer activity of the 

leaf extract and isolated compound against human breast (MDA-MB-231 and BT-549), lung (A-

549) and colon (SW-480) cancer cell lines, and the relation of the compound with anticancer activity 

was supported by molecular docking. The structure of the isolated compound was confirmed by the 

methods of 1D-NMR, 2D-NMR, and mass spectrometry data. The anticancer activity of the EtOH 

leaf extract and isolated compound was determined on colon, breast, and lung cancer cell lines by 

MTT assay. Docking studies of the isolated compound were done with the help of softwares such 

as Discovery Studio Visualizer, chem3D pro 12.0.2.1076, Auto Dock Tools-1.5.6, and Auto dock 

vina. The structure of the isolated compound was confirmed as 3β-olean-12-en-3-ol (β-amyrin). β-

amyrin and the EtOH leaf extract both showed high inhibitory activities on BT-549 cancer cell line. 

The docking studies of the isolated compound exhibited best docking scores with PI3K and mTOR. 

From the best docking scores, it was clear that β-amyrin has a high probability of target of PI3Kα 

and mTOR. The anticancer activity of the EtOH leaf extract of Bombax ceiba and its isolated β-

amyrin showed excellent anticancer activities on breast cancer cell lines and β-amyrin showed high 

inhibitory activities with PI3Kα and mTOR kinases by docking studies. 
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Bombax ceiba (red silk-cotton tree) is a member of the 

family Bombaceae which is cultivated in India, Pakistan, 

Sri Lanka, Malaysia, Bangladesh, and North Australia. 

This tree is widely planted in southeastern Asian 

countries, such as southern China, Indonesia, Vietnam, 

Malaysia, Thailand, Taiwan, Myanmar, etc. It is found 

in the book ‘The Useful Native Plants of Australia’ 

(1889) that B. ceiba was known at that time as Bombax 

malabaricum, and the common name was Malabar silk-

cotton of India, or Simool [1]. It is known as cotton-tree 

flowers in China, which plays an important role in 

Cantonese culture in Southern China.  

 

This tree has been used in health care since 

ancient times worldwide. The history of this plant as 

medicines is very long because parts of this plant have 

been used in traditional system of medicine, such as 

Unani, Siddha, Ayurveda, and Traditional Tibetan and 

Chinese medicine [2-3]. In traditional Unani medicine 

(better known as Hippocrates, 460-377 BC), parts of this 

plant are used in tonic, aphrodisiac, astringent, 

demulcent, and to increase semen production and count 

[4].  A traditional Chinese formulation containing B. 

ceiba is used in eliminating food retention in the  

intestines, promotes digestion, and strengthens the 

spleen [5]. This plant is used in formulation of Ayurveda 

for anti-dysenteric effects, wound healing, and tissue 

regeneration [6]. This plant has high importance which 

have been utilized since the Han dynasty (second 

century BC). The seed powder of B. ceiba with hing and 

sugar molasses given in 12 h gap to induce abortion by 

the Oraon tribe [7].  

 

According to T. P. Ghose, chemical studies of this 

plant were first started on the roots in 1935. Then, 

several compounds were isolated from many parts [8]. 

Previous phytochemical studies highlighted the presence 

of flavonoids, quinines, sterols, saponins, fatty acids, 

and hydrocarbons [9], as well as various promising 

activities such as anti-tumour, anti-microbials [10], anti-

oxidant, cytotoxicity [11], and anti-proliferative [12]. β-

Amyrin is a known compound which has been isolated 

from many plants, such as Bombax ceiba [13], 

Himatanthus drasticus [14], Protium paniculatum [15], 

and Myrcianthes pungens [16]. This compound has been 

used for many pharmacological activities, such as anti-

diabetic, anti-hyperlipidemic, anti-nociceptive, anti-

inflammatory [17-20], apoptosis [21], Alzheimer’s [22], 

and anti-hyperglycemic [23].  

 

Previous studies reported that extracts of this 

plant had been used on human cancer cell lines such as 
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HL60, LNCap, MCF-7, HeLa, A-375, and THP-1 [24-

25], and an isolated compound had been used in anti-

tumor effects on liver carcinoma cell line (HepG2) [26]. 

The cytotoxic activity of β-amyrin had also been 

evaluated on colorectal carcinoma (Caco-2) [27]. This 

compound was used for cell growth inhibition on SK-

OV-3 (ovary), HeLa (cervical), DLD-1 (colon), and SW-

620 (colon) cancer cell lines [28]. This compound also 

exhibited potent anti-tumor activity against HK-1 

(human nasopharyngeal cancer cell line) [29]. Our report 

describes the EtOH leaf extract and β-amyrin analyzed 

for anti-cancer activities against MDA-MB-231, BT-

549, SW-480, and A-549 human cancer cell lines (in 

vitro), and docking studies of β-amyrin performed with 

various proteins (in silico).  

 

β-amyrin was studied against proteins such as P53, 

AKT, BCl2, IGFR, mTOR, PTEN, KRAS, PI3Kα, 

PI3Kβ, etc. Best molecular docking results were 

obtained from PI3K and mTOR. Therefore, this 

compound is useful for the target of the 

PI3K/AKT/mTOR signaling pathway. This pathway 

plays important roles in survival, development, 

proliferation, differentiation, and metabolism. It has 

been found in various studies that the PI3K/AKT/mTOR 

pathway is present in all human tumors, including breast 

cancer. More than 60% of tumors of different variations 

are presented with hyperactivation of this pathway [30]. 

Disregulation of this pathway relates to different types 

of cancer, including metabolic reprogramming, genomic 

instability, and uncontrolled proliferation in tumor cells 

[31-32]. Activation of the PI3K/AKT/mTOR pathway is 

the main cause of resistance of cancer cells to 

chemotheraties [33]. Study of the PI3K/AKT/mTOR 

pathway plays an important role in understanding the 

progression and development of this disease [34-35].  

 

MATERIALS AND METHODS 

 

General Experimental Procedures 

 

Thin layer chromatography analysis glass plates (200 × 

200 × 3 mm and 200 × 50 × 3 mm) were coated with 

silica gel GF254 (Sisco Research Laboratories and Alfa 

Aesar) and spots of the compound were visualized under 

iodine chamber (270 × 265 × 70 mm) and UV light (254 

nm and 366 nm). Column chromatography was 

performed in a silica gel open glass column (60 inch × 

35 mm), using silica gel (60-120 mesh, Merck, India). 

Measurement of the melting point was done on Stuart 

digital melting point apparatus (SMP10). The structural 

assignment of the compound was based on IR (infrared), 
1H-NMR, 13C-NMR, DEPT, HSQC, and COSY spectra. 

IR spectra were determined on Perkin-Elmer Spectrum 

2 (FTIR) instrument (Perkin Elmer, Singapore), using 

KBr discs. The NMR spectral analysis was acquired in 

CDCl3, as solvent, on Bruker Avance II NMR 

spectrometer (Bruker BioSpin, Fallanden, Switzerland) 

at 400 MHz (1H-NMR) and 100 MHz (13C-NMR), and 

chemical shifts were reported in parts per million (δ). 

The chemical shifts of the solvent peaks were used for 

referencing (CDCl3; δH 7.26 and δC 77.16) and coupling 

constant (J) were reported in hertz (Hz). The isolated 

compound was dissolved in 0.75 ml of CDCl3 with 

0.03% TMS as an internal standard. Distortionless 

Enhancement by Polarization Transfer (DEPT) and 2D-

NMR [1H-1H COSY (Correlation Spectroscopy), HSQC 

(Heteronuclear Single Quantum Correlation)] were 

acquired on Bruker Avance II NMR spectrometer 

(Bruker BioSpin, Fallanden, Switzerland). 1D (1H-NMR 

and 13C-NMR) and 2D-NMR were performed at 30O with 

standard pulse program and the spectra were processed 

using MestReNova-11.0 software. HR-MS 

chromatogram was acquired on a high resolution mass 

spectrometer XEVO G2-XS QTOF instrument (Water 

India Pvt. Ltd., Bangalore, India). Solvents, such as 

petroleum ether (60–80OC), benzene, ethyl acetate, 

ethanol, chloroform, dimethylsulfoxide (DMSO) were 

purchased from E-Merck, India. Fetal bovine serum 

(FBS) was obtained from GIBCO Invitrogen 

Corporation, USA. RPMI-1640 medium, penicillin, 

streptomycin, and 3-(4,5,-dimethylthiazole-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) were purchased 

from Sigma –Aldrich (Bangalore, India). 

 

Extraction and Isolation 

 

The shade air-dried plant leaf material (2 kg) was 

extracted with 82% EtOH (ethanol) at 25OC for 15 days. 

The crude extract was filtered and collected using a 

Buchner funnel and concentrated under reduced 

pressure to yield 110 g of solid residue. The EtOH 

residue (110 g) was partitioned using stepwise solvent 

C6H6 and EtOAc (ethyl acetate) to yield benzene extract 

(28 g) and ethyl acetate extract (35 g). The C6H6 extract 

was fractionated by silica gel (60-120 mesh) column 

chromatography, eluted with a step gradient petroleum-

ether: C6H6/petroleum-ether: benzene (100:0/0:100 v/v) 

as the mobile phase at the flow rate of 6 ml/min to give 

seven main fractions, P1-P7. Each fraction was collected 

and monitored based on the TLC (GF254) analysis. 

Fraction P5 was further separated on silica gel by 

column chromatography with the stepwise gradient from 

petroleum-ether/C6H6 (50/50  v/v) to pure C6H6 as the 

mobile phase at the flow rate of 6 ml/min to yield five 

subfractions (P51-P55). Subfraction P53 was further 

purified by silica gel glass chromatography using 

gradient petroleum-ether/C6H6 (30/70 v/v) to give one 

compound (145 mg). Compound P53 was recrystallised 

in 5 ml of pure chloroform at room temperature. After 

two days, the compound was precipitated out in a 25 ml 

conical flask. The precipitate was filtered using a 

Buchner funnel under reduced pressure and washed with 

2 ml of pure chloroform. After filtration, we obtained a 

white solid, which was dried at room temperature. After 

recrystallization, the compound was further analyzed by 

melting point and IR, 1D-NMR, 2D-NMR, and HR-MS 

spectral techniques (summarized in Table 1). 
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Cell Culture, Growth Conditions and Treatment 

 

Human breast cancer cell lines (MDA-MB-231 and BT-

549), colon cancer cell line (A-549) and lung cell line 

(SW-480) were procured from the National Cancer 

Institute (NCI), Bethesda, USA. The cancer cell lines 

were cultured in RPMI-1640/minimum essential 

medium (MEM) supplemented with 10% fetal bovine 

serum (FBS), 100 U/ml of penicillin and 100 µg per ml 

of streptomycin at 37OC in 5% CO2 gas environment and 

95% air atmosphere with 98% humidity. The cell lines 

were treated with the EtOH leaf extract and β-Amyrin 

dissolved in dimethylsulfoxide (DMSO), while the 

untreated cultures received only the vehicle (DMSO, 

<0.2%, v/v). 

 

Cell Viability Assay by MTT 

 

The effects of the leaf extract and the compound on the 

viability of MDA-MB-231, SW480, A549, and BT549 

were determined by MTT assay. All the human cancer 

cell lines were seeded in 96- well culture plates at a 

density of 1 × 104/200 µl of the medium. Cells were 

treated with the extract and compound at different 

concentrations for 48 hours. MTT was added and 

incubated at  37°C in a CO2 incubator (Thermocon 

Electron Corporation, USA) for 4 hours. Formazan blue 

crystals were formed by viable cells that were dissolved 

in 200 µl of DMSO, and finally the absorbance was 

measured at a wavelength of 570 nm (reference 

wavelength of 620 nm) with ELISA reader. The 

percentages of cell viability was calculated according to 

the following equations [36]. 

 

Cell viability (%) = [(ODtreated cells - ODblank)/ (ODcontrol -

ODblank)]×100% 

 

OD = Optical Density 

 

Molecular Docking Studies 

 

The 3D crystal structures of kinases of [PI3Kα (PDB ID: 

4L23) and mTOR (PDB ID: 4JT6)] were retrieved from 

the RCSB protein data bank. The ligands and water 

molecules were removed to stabilize the kinase 

structures by BIOVIA Discovery Studio 2017 R2 

software. The kinases were prepared for the docking 

process, then loaded to Auto Dock Tools-1.5.6 software 

to identify the binding sites of PI3Kα and mTOR and 

assign polar hydrogen and kollman charges to minimize 

proteins. Grids were generated for the binding site in the 

active centers and compound-bound interaction points. 

A grid box was set with a dimension of 126 × 126 × 94 

(X × Y × Z), grid spacing 1AO and center X = Y = Z = 

0.028 for PI3Kα. A grid box was set with a dimension of 

126 × 126 × 126 (X × Y × Z), grid spacing 1AO and 

center X = Y = Z = 0.028 for mTOR. The 3D crystal 

structure of the compound was done by using Chem3D 

Pro 12.0.2.1076 and saved as a Protein Data Bank (PDB) 

file. The compound was loaded to Auto Dock Tools to 

re-assign kollman charges and hydrogen atoms. All 

rotatable bonds (torsions) were auto-detected and gave 

different poses in molecular docking. Finally, molecular 

docking of β-amyrin with kinases was performed by 

Autodock Vina software. 

 

RESULTS 

 

Spectroscopic Data of 3β-olean-12-en-3-ol 

 

The compound was isolated as a white amorphous solid; 

m.p.: 206OC; IR (KBr, cm-1): 3292 (OH), 2946 and 2869 

(CH), 1633 (C=C), 1463 (CH2); 1H-NMR (400 MHZ, 

CDCl3, δ / ppm): 5.19 (1H, t, J = 3.52 Hz, H-12), 3.24 

(1H, dd, J= 4.6 Hz, 11.4 Hz, H-3), 1.98 (m, H-15), 1.87 

(m, H-11), 1.76 (m, H-16), 1.69 (m, H-19), 1.61 (m, H-

1), 1.60 (m, H-2), 1.54 (m, H-6), 1.51 (m, H-7), 1.41 (m, 

H-22), 1.38 (m, H-21), 1.13 (3H, s, H-27), 0.99 (3H, s, 

H-24), 0.96 (3H, s, H-26), 0.93 (3H, s, H-25), 0.87 (6H, 

s, H-29, 30), 0.83 (3H, s, H-28), 0.78 (3H, s, H-23), 1.54 

(1H, m, H-9), 1.54 (1H, m, H-18), 0.71 (1H, dd, J = 2.3 

Hz, 10.8 Hz, H-5); 13C-NMR (100 MHz, CDCl3, δ / ppm 

): 145.16 (C-13), 121.69 (C-12), 78.98 (C-3), 55.14 (C-

5), 47.70 (C-9), 47.44 (C-18), 46.89 (C-19), 41.67 (C-

14), 39.76 (C-8), 38.75 (C-4), 38.55 (C-1),37.11 (C-22), 

37.07 (C-20), 36.91 (C-10), 34.70 (C-21), 33.35 (C-29), 

32.61 (C-7), 32.61 (C-17), 28.37 (C-28), 15.43 (C-23), 

27.19 (C-2), 26.90 (C-15), 26.12 (C-16), 25.9 (C-27), 

23.65 (C-30), 23.51 (C-11), 18.39 (C-6), 16.76 (C-26), 

15.54 (C-25), 28.0 (C-24); HSQC (CDCl3, δ / ppm): C-1 

(38.55, 1.61, 1.02; CH2), C-2 (27.19, 1.60, 0.80; CH2), 

C-3 (78.98, 3.24; CH), C-5 (55.14, 0.71; CH), C-6 

(18.39, 1.54, 1.41; CH2), C-7 (32.61, 1.51, 1.35; CH2), 

C-9 (47.70, 1.54; CH), C-11 (23.51, 1.87; CH2), C-12 

(121.69, 5.19; CH), C-15 (26.90, 1.98; CH2), C-16 

(26.12, 1.76, 0.95; CH2), C-18 (47.44, 1.54; CH), C-19 

(46.89, 1.69, 1.07; CH2), C-21 (34.70, 1.38, 1.18; CH2), 

C-22 (37.11, 1.41, 1.23; CH2), C-23 (15.43, 0.78; CH3), 

C-24 (28.0, 0.99; CH3), C-25 (15.54, 0.93;  CH3), C-26 

(16.76, 0.96; CH3), C-27 (25.9, 1.13; CH3), C-28 (28.37, 

0.83; CH3), C-29 (33.35, 0.87; CH3), C-30 (23.65, 0.87; 

CH3); HR-MS (m/z): 427.3933 (MH)+.

 

 

 

 

 

 

 



36   Mohd Rehan and Shafiullah  The Anticancer Activity of Oleanane-type Saponin from Bombax 

   ceiba (in vitro) and Theoretical Investigation of Singling Pathway 

Table 1. 1H-NMR, 13C-NMR, DEPT and COSY spectroscopic data of isolated compounda 

 

Atom   Type δC δH   

 

1H-1H COSY 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

CH2 

CH2 

CH 

C 

CH 

CH2 

CH2 

C 

CH 

C 

CH2 

CH 

C 

C 

CH2 

CH2 

C 

CH 

CH2 

C 

CH2 

CH2 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

38.55 

27.19 

78.98 

38.75 

55.14 

18.39 

32.61 

39.76 

47.70 

36.91 

23.51 

121.69 

145.16 

41.67  

26.90 

26.12 

32.61 

47.44 

46.89 

37.07 

34.70 

37.11 

15.43 

28.0 

15.54 

16.76 

25.9 

28.37 

33.35 

23.65 

1.61 (Ha1), 1.02 (Hb1) 

1.60 (Ha2), 0.80 (Hb2) 

3.24 (dd) [J = 4.6, 11.4] 

------ 

0.71 (dd) [J = 2.3, 10.8] 

1.54 (Ha6), 1.41 (Hb6) 

1.51 (Ha7), 1.35 (Hb7) 

------ 

1.54 (m) 

------ 

1.87 

5.19 (t) [J = 3.52] 

------ 

------ 

1.98 

1.76 (Ha16), 0.95 (Hb16) 

 ------ 

1.54 (m) 

1.69 (Ha19), 1.07 (Hb19) 

------ 

1.38 (Ha21), 1.18 (Hb21) 

1.41 (Ha22), 1.23 (Hb22) 

0.78 (s) 

0.99 (s) 

0.93 (s) 

0.96 (s) 

1.13 (s) 

0.83 (s) 

0.87 (s) 

0.87 (s) 

Hb2 

Hb1, H-3 

Ha2 

------ 

Hb6 

H-5, Ha7 

Hb6 

------ 

H-11 

------ 

H-9, H-12 

H-11 

------ 

------ 

Hb16 

H-15 

------ 

------ 

------ 

------ 

Ha22 

Hb21 

a All spectra run in CDCl3.  

 

 

Chemistry 

 

A white amorphous powder of the compound was 

obtained, with melting point 206 OC. The HR-MS (High 

Resolution Mass Spectrometry) data revealed a 

protonated molecular ion peak at m/z 427.3933 [M+H]+, 

suggesting the molecular formula of C30H50O. The 

infrared (IR) spectra showed absorption peaks at 3292 

cm-1 [–OH (hydroxyl group) stretching vibration], 2946 

and 2869 cm-1 (C-H stretching vibration), 1633 cm-1 

(C=C stretching vibration), and 1463 cm-1 (CH2 bending 

vibration). The 1H and 13C-NMR data (Table 1)  showed 

doublet-doublet at δH 3.24 (J=4.6, 11.4) and 13C-NMR at 

δC 78.98 which  indicated the presence of CH at C-3 [37-

38]. 1H signal at δH 5.19 (t, J=3.52) and 13C signals at  δC 

121.69 and δC 145.16 revealed the presence of one 

double bond. The 13C-NMR and DEPT-135 

(Distortionless Enhancement by Polarization Transfer) 
spectra resolved eight methyl carbons (δC: 28.0, 15.43, 

15.54, 16.76, 25.9, 28.37, 33.35, 23.65), ten methylene 

carbons (δC: 38.55, 27.19, 18.39, 32.61, 23.51, 26.9, 

26.12, 37.11, 34.70, 46.89), four methine carbons (δC: 

78.98, 55.14, 47.7, 47.44). HSQC (Heteronuclear Single 

Quantum Coherence) spectroacopy provides 

correlations between carbon and its attached protons. 

This spectroscopy has been used in characterization of 

many natural products [39-40]. The HSQC spectrum 

showed the correlation between δC 38.55 (C-1) and δH 

1.61, 1.02. 1H-1H COSY (Correlation Spectroscopy) 

displayed correlation between δH 1.02 and δH 0.80, as 

well as  δH 1.60 and δH 3.12 (Figure 1(A)). Correlation 

between δH 1.87 and δH 5.1 (alkene proton) and δH 1.54 

in 1H-1H COSY indicated connectivity of alkene 

protons. Alkene protons showed correlation from 

methine carbon  δC 121.69 (C-12)  in HSQC, which 

revealed connectivity between alkene protons and 

methine carbons. It was confirmed by spectroscopic 

methods that the isolated compound was 3β-olean-12-

en-3-ol (β-amyrin). Peak assignments of β-amyrin are 

showed in Figure 1(B). 
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(A) 

 

 

 
(B) 

 

Figure 1. (A) COSY correlation and (B) 1H-NMR, 13C-NMR, DEPT-135, and HSQC peak assignments of β-amyrin 

 

 

Anticancer Activities of the EtOH Leaf Extract 

 

In vitro, anticancer activities of the leaf extract were 

assessed via the MTT assay on a colon cancer cell line 

(A-549), a lung cancer cell line (SW-480), and breast 

cancer cell lines (MDA-MB-231 and BT-549) for 48 

hours. Figure 2(A) reveals the cell viability of all four 

cancer cell lines. After 48 h treatment, reduction was 

observed in cell viability in all cancer cell lines. The 

extract possessed an excellent anticancer activity against 

breast cancer cell line BT-549. When exposed to the 

EtOH leaf extract at the concentration of 100 µg/ml, the 

percentage of cell viability reached 54%.   

 

 

Anticancer Activities of β-amyrin 

The anticancer activities of β-amyrin in this work were 

evaluated against A-549, SW-480, MDA-MB-231, and 

BT-549 human cancer cell lines. The percentage of cell 

viability of the four cancer cell lines is presented in 

Figure 2(B). After 48 h treatment, reduction was 

observed in cell viability on all the cancer cell lines. The 

extract possessed an excellent anticancer activity against 

breast cancer cell lines BT-549 and MDA-MB-231. 

When exposed to β-amyrin at the concentration of 100 

µg/ml, the percentage of cell viability reached 58% and 

57% in MDA-MB-231 and BT-549, respectively.   
 

The EtOH leaf extract and β-amyrin both 

displayed high anticancer activities against BT-549. The 
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extract exhibited better anticancer activities compared to 

β-amyrin.

 

 
(A) 

 

Figure 2A. Effects of the EtOH leaf extract on cell viability of MDA-MB-231, SW-480, A-549, and BT-549 cell lines. 

The cell lines were exposed to different concentrations (5, 10, 25, 50, 100, 200, and 400 µg/ml) of the leaf extract for 

48 h and cell viability was determined by the MTT assay. At 100 µg/ml concentration of the leaf extract, viability of 

BT-549 was 54%.   

 

 
      (B) 

Figure 2B. Effects of β-amyrin on cell viability of MDA-MB-231, SW-480, A-549, and BT-549 cell lines. The cell 

lines were exposed to different concentrations (5, 10, 25, 50, 100, 200, and 400 µg/ml) of β-amyrin for 48 h and cell 

viability was determined by the MTT assay. At 100 µg/ml concentration of β-amyrin, viability of MDA-MB-231 and 

BT-549 was 58% and 57%, respectively.  
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Table 2. In silico optimization of β-amyrin 

 

Entry Protein PDB Docking score (kcal/mole) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

P53 

AKT 

BCl2 

EGFR 

IGFR 

PDK 

Tankyrase 

mTOR 

PTEN 

KRAS 

PI3Kα 

PI3Kβ 

PI3Kγ 

PI3Kδ 

4HJE 

3MV5 

4IEH 

2JIT 

1IGR 

2R7B 

5JU5 

4JT6 

1D5R 

6N2J 

4L23 

2Y3A 

3DBS 

2WXG 

-8.9 

-8.4 

-7.9 

-7.6 

-6.8 

0.0 

-8.8 

-9.7 

0.0 

-7.6 

-10.6 

-8.9 

-8.0 

-8.8 

 

 

Molecular Docking Studies 

 

Molecular docking studies play a key role in drug 

design. Various evidence indicates that PI3K/AKT/ 

mTOR [41], PDK/AKT [42], PI3K/PTEN [43], 

EGFR/PI3K/PTEN/AKT/mTOR [44], IGFR PI3K 

[45], PI3K/PDK/AKT [46], and cJUN NH2-terminal 

kinase (JNK) signaling pathways [47], and mitogen-

activated protein kinases (MAPK) pathway [48] are 

present in breast cancer signaling pathways and play 

important roles in cell apoptosis, proliferation, and 

autophagy. Docking of β-amyrin was optimized for 

the best inhibitory target on various proteins (P53, 

AKT, IGFR, EGFR, KRAS, PI3K, mTOR etc.) and 

some results are summarized in Table 2. Optimization 

of β-amyrin was done using Autodock Vina software. 

PI3Kα (Table 2, entry 11) exhibited an excellent 

docking score (-10.6 kcal/mol) with strong binding 

interaction, and mTOR (Table 2, entry 8) was close to 

PI3Kα. PI3Kα was further optimized with PI3Kβ, 

PI3Kγ, and PI3Kδ. PI3Kα was best in all isoforms and 

measured in kcal/mol. Finally, we found the best 

results of β-amyrin with PI3K and mTOR (Table 2, 

entries 8, 11) when screening this compound with 

various types of proteins which are present in many 

cancer signaling pathways. Various natural products, 

which are isolated from different plant species, have 

high potential in inhibition of PI3K and mTOR 

kinases [49–52]. The PI3K/mTOR dual inhibitor 

compound is best for cancer therapies. 

 

Molecular Docking Analysis with PI3Kα isoform 

 

The results of the docking study of β-amyrin with PI3Kα 

are presented in Figure 3. β-amyrin was successfully 

docked with PI3Kα isoform. Docking studies of β-

amyrin with PI3Kα showed favorable binding with a 

docking score of -10.6 kcal/mol. The hydrogen binding 

and hydrophobic interaction of the compound with 

residues LYS, SER, TRP, VAL, and PRO were 

displayed on the active site of PI3Kα. The classical 

hydrogen binding interaction of the hydroxyl group with 

amino acid SER-474 at 1.98 was exhibited. The 

compound interacted with PI3Kα by formation of alkyl 

hydrophobic and  mixed pi/alkyl hydrophobic bonds 

with the amino acids, such as: LYS-678 at 3.96, 4.12 

distance with C-24 and C-25; TRP-446 at 5.37 distance 

with C-25; PRO-449 at 3.87, 5.13 distance with C-28; 

VAL-461 at 4.54 distance with C-29; and TRP-424 at 

4.73 distance with C-30. 

 

Docking Analysis with mTOR 

 

Docking results of β-amyrin with mTOR can be 

visualized in Figure 4. β-amyrin with mTOR was 

screened and revealed the best binding with docking 

score of -9.7 kcal/mol. The hydrophobic binding 

interaction of the compound with amino acid residues 

such as LYS, LEU, PRO, and TRP was exhibited on the 

active site of mTOR. The compound was investigated 

with residues which displayed alkyl hydrophobic and  

mixed pi/alkyl hydrophobic interactions of: PRO-1646 

at 3.97 distance with C-24; TRP-1653 at 4.18, 4.96, 5.04, 

5.16 distance with C-24, C-26 and C-27; LEU-1675 at 

3.89, 4.80 and 2×4.96 with C-26 and C-27; LEU-1668 

at 5.33 distance with C-28; TRP-1490 at 4.63, 5.41 

distance with C-29; and LYS-1671 at 3.84, 4.30, 4.53 

distance with C-28 and C-30.   

 

Anticancer activities were done on human cancer 

cell lines MDA-MB-231, BT-549, A-549, and SW-480. 

Molecular interaction of these activities was 

successfully confirmed by inhibition of the 

PI3Kα/AKT/mTOR signaling pathway, in silico.
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Figure 3. (A) β-Amyrin (ball and stick) showing interaction with the active site of PI3Kα (PDB: 4L23), (B) distance 

of ligand interaction with 4L23, and (C,D) hydrogen binding and hydrophobic interaction with amino acids   
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Figure 4. (A) Binding interaction of β-amyrin with the active site of mTOR (PDB: 4JT6), (B) distance of interaction 

between ligand and 4JT6, and (C, D) hydrophobic interaction of ligand with 4JT6 

 

 

DISCUSSION 

 

Bombax ceiba has high importance in herbal medicine 

and the main constituents are flavonoids, terpenoids, 

fatty acid, and steroids. Diethyl ether and light 

petroleum extracts of this plant have been used against 

A375, ACHN, LNCaP, HeLa, MCF-7, COR-L23, and 

C-32 human cancer cell lines [53]. β-amyrin has been 

used for anti-cancer activities on HEK-293, HepG2, 

Caco-2, [54] and HK-1 [55] human cancer cell lines. 

Our studies have focused on the anticancer activities of 

the leaf extract and β-amyrin on MDA-MB-231, 

SW480, A549, and BT549 cancer cells lines (in vitro). 

From Figure 2A, we found the EtOH leaf extract at the 

concentration of 100 µg/ml showed the best inhibitory 

effect on breast cancer cell line BT-549 (54% cell 

viability), and from Figure 2B, β-amyrin at the 

concentration of 100 µg/ml exhibited high inhibitory 

effect on breast cancer cell lines MDA-MB-231 (58% 

cell viability) and BT-549 (57% cell viability). BT-549 

is a human breast cancer cell line which showed better 

inhibitory concentration than SW-480, A-549, and 

MDA-MB-231 cancer cell lines. When we compare 

Figure 2A (leaf extract) and Figure 2B (β-amyrin), we 

find that the leaf extract showed more inhibitory effect 

on the four cancer cell lines.  
 

β-amyrin was further investigated on various 

proteins such as EGFR, AKT, P53, IGFR, KRAS, PI3K, 

mTOR, BCl2, PDK, Tankyrase, PTEN, etc., in silico, for 

best inhibition of signaling pathways. Best 

investigation results were shown by mTOR (Table 2, 

entry 8), PI3Kβ (Table 2, entry 12), and P53 (Table 2, 

entry 1). PI3Ks are subdivided into four catalytic 

subunits, PI3Kα, PI3Kβ, PI3Kγ, and PI3Kδ. So, PI3K 

was further investigated at the subunit level and we 

found the best result by PI3Kα (Table 2, entry 11). 

Finally, we found that PI3Kα has a high binding energy, 

with mTOR being very close. So, β-amyrin may be 

useful in inhibition of PI3K and mTOR kinases.  

 

PI3Ks are lipid kinases involved in the 

regulation of various cellular processes including 

proliferation, survival, migration, metabolism, 

metastasis, etc. [56-57]. The PI3K family of signal-

transducing enzymes are divided into three classes (I, 

II, and III). Class I is responsible for catalyzing PIP2 

(phosphorylation of phosphatidylinositol 4,5 

diphosphate) to PIP3 (phosphatidylinositol 3,4,5-

triphosphate) [58];  PIP3 is regulated by PTEN 

(phosphatase and tensin homologue protein) [59]. A 

second messenger PIP3 is responsible for activation of 

serine-threonine kinase AKT, which plays a key role in 

promotion of cellular processes, including survival, cell 

growth, proliferation, and metabolism [60-61]. 

Phosphorylation of AKT activates the mammalian 

target of rapamycin (mTOR), which plays an important 

role in promoting cell growth, proliferation, and 

survival by integrating signals from growth factors, 

cellular energy levels, and nutrient metabolism [62].  
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Figure 5. Overview of PI3K/AKT/mTOR signaling pathway. Active compound targets PI3Kα and mTOR. 

 

 

In cancer, class IA PI3K and PI3Kα isoform are 

promising therapeutic targets on the identification of 

activating mutations in PI3Kα subunit and loss of 

function of  phosphatase and tensin homolog protein 

(PTEN) in a notable percentage of  solid human tumors, 

such as breast, ovarian, prostate, and colon cancers [63]. 

The target of the PI3K pathway is an important emerging 

approach for the treatment of cancers because a high 

percentage of human cancers are revealed to rely 

strongly on PI3Kα for resistance and survival to various 

targeted cancer therapies [64-65]. It has been revealed 

from the literature that various external factors such as 

nutrient intake and growth factors can activate AKT and 

mTOR, and bypass PI3K,  thus restarting cancer genesis 

[66-67]. For this reason, β-amyrin targets of both PI3K 

and mTOR may more effectively prevent tumors with 

multiple pathway activations. Dual kinase inhibitor 

PI3K/mTOR represents a beneficial therapeutic 

intervention strategy in the treatment of cancer therapies. 

β-amyrin targets of PI3Kα and mTOR are summarized 

in Figure 5. 

 

CONCLUSION 

 

In summary, β-amyrin was isolated from the leaf extract 

of Bombax ceiba plant and the structure was elucidated 

by spectroscopic methods, which included 1D-NMR, 

2D-NMR, and HR-MS. The anticancer activity was 

evaluated on breast, colon, and lung cancer cell lines. 

The best results were displayed on breast cancer cell 

lines BT-549 by the leaf extract and MDA-MB-231 by 

β-amyrin at 100 µg/ml. The docking studies displayed 

best docking score results with PI3Kα and mTOR, which 

indicates that the isolated compound has higher 

probability of targetting the PI3K/AKT/mTOR signaling 

pathway. Thus, the compound and extract are both 

beneficial in cancer therapy treatments.  
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Graphical abstract: 

 

β-amyrin is a biologically active compound that was isolated from EtOH extract of B. ceiba leaves. This figure shows 

the anticancer activity of the leaves extract and isolated compound against human breast (MDA-MB-231 and BT-549), 

lung (A-549) and colon (SW-480) cancer cell lines. The docking studies of the isolated compound was exhibited a best 

docking score with PI3K and mTOR kinases. 
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