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Figure 1 : Three dimensional structure of  Bcl-2 

(4MAN) represented in ribbon model.

Figure 2 : Three dimensional structure of Bcl-XL 

(3ZLR) represented in ribbon model

Figure 3: Schematic two-dimensional diagrams of ligand-receptor interactions between compounds and protein. Stick 

diagram represents ligand and the ball represents aminoacids A.Interaction between DGT and Bcl-2 B.Interaction 

between GD and Bcl-2 C.Interaction between GT and Bcl-2

Figure 4: Schematic two-dimensional diagrams of ligand-receptor interactions between compounds and protein. Stick 
diagram represents ligand and the ball represents aminoacids A. Interaction between DGT and Bcl-XL  B. Interaction 

between GD and Bcl-XL C. Interaction between GT and Bcl-XL

Figure 20 : Structural insight of Bcl-2 and DGT.

A. Binding of DGT with Bcl-2. Ribbon represents 

proteins and stick represents DGT

B. Binding of DGT in the hydrophobic groove. The 

hydrophobic groove region is coloured in red

Figure 21: Structural insight of Bcl-XL and DGT. Ribbon 

represents proteins and stick represents DGT.

A.Binding of DGT with Bcl-XL

B. Binding of DGT in the hydrophobic groove. The domain 
region is coloured in red

RESULTS

Prostate cancer is one of commonly diagnosed 

malignancy among men. Chemotherapy is used in 

hormone-refractory and metastatic prostate cancer, but 

survival benefits have been modest. Drugs from plant 

source have gained a much interest in the cancer due to 

their multi-functional, therapeutic properties and for 

overall safety.  DGT is a novel triterpenoid saponin isolated 

from G. sylvestre and proved for its antidiabetic activity.

DGT has an anticancer effect and chemopreventice activity 

against prostate cancer. DGT may exerts its action by the 

activation of apoptosis in prostate cancer cells. 

To evaluate the antagonist effect and drug like properties 

of DGT, against Bcl-2 and Bcl-XL protein through 

molecular docking and molecular dynamic studies. 

To evaluate the cytotoxic potential and mode of action of 

DGT in PC-3 cells through cell proliferation assay, staining 

studies and flow cytometric along with protein expression 

studies of Bcl-2, Bcl-XL, Mcl-1, Bad, Bax, Caspase 9 and 

Caspase 3. 

To assess chemopreventive effect of DGT in N-Methyl-N-

nitrosourea (MNU) + Testosterone (T)-induced Sprague-

Dawley male rats. 

DGT was more potent in binding with anti-apopotic proteins, 

also satisfying Lipinski’s RO5 and ADME properties. 

DGT significantly acts on prostate cancer cells by activating 

apoptosis and cell cycle inhibition and did not exhibit any toxicity 

to the animal model. 

Hence, DGT could be considered for the preparation of 

chemopreventive agent and potent drug against prostate cancer.

Figure 22: Plots of highest occupied molecular orbital 

(HOMO) and lowest unoccupied molecular orbital 

(LUMO). The positive electron density has been shown 

in red color while negative have been shown in blue.

a. HOMO and LUMO profiles of DGT

b. HOMO and LUMO profiles of GD

c. HOMO and LUMO profiles of GT

Figure 23: MESP superimposed onto a surface of constant electron density showing the most positive potential region 

(deepest blue colour) and the most negative potential region (deepest red colour)

Figure 24 : 2D & 3D Structure of DGT

Figure 25 : Effect of DGT on the viability of prostate cancer cells. DGT inhibits growth (as determined by MTT assay) of human 

prostate cancer cells. Each bar represents the mean ± SEM of five independent observations and the statistical significance 

between control and the treated groups at P< 0.05 level

Figure 14 : PL Contacts of Bcl-2 protein with DGT

Timeline of aminoacids contacts throughout 10ns period

Histogram representation of aminoacids contacts 

throughout 10ns period

Figure 15 : PL Contacts of Bcl-2 protein with GD

Timeline of aminoacids contacts throughout 10ns period

Histogram representation of aminoacids contacts 

throughout 10ns period

Figure 12 : RMSF of the backbone atoms during 

molecular dynamics simulations of Bcl-2.
Figure 13: RMSF of the backbone atoms during 

molecular dynamics simulations of Bcl-XL.

Figure 10 : RMSD of ligands during molecular dynamics 

simulations of Bcl-2.

Figure 11 : RMSD of ligands during molecular dynamics 

simulations of Bcl-XL.
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Docking 
score

Glide 
gscore

Glide 
energy

No. kcal/mol kcal/mol kcal/mol

DGT -6.808 -6.188 -39.187

1 Bcl-XL GD -5.934 -5.934 -38.399
GT -5.967 -5.967 -32.749

DGT -5.964 -5.964 -35.892

2 Bcl-2 GD -5.052 -5.052 -33.365

GT -4.933 -4.933 -37.270

S.

Docking Glide Glide IFD

PDB 

ID

Liga

nd score gscore energy score

No.

kcal/mol kcal/mol kcal/mol kcal/mol

DGT -11.803 -11.183 -53.479 -349.260

1 Bcl-XL GD -10.779 -10.779 -52.296 -348.733

GT -8.752 -8.752 -47.261 -185.786

DGT -9.668 -9.048 -57.820 -336.815

2 Bcl-2 GD -8.309 -8.309 -51.552 -328.627

GT -8.368 -8.368 -41.894 -326.594
Table 1 : Glide XP docking results for the three 

compounds with Bcl-2(4MAN) and Bcl-XL (3ZLR) 

with three compounds

Table 2:   Induced   fit   docking   results of   three   compounds   

with Bcl-2(4MAN) and Bcl-XL (3ZLR) with three compounds

Figure 16 : PL contacts of Bcl-2 protein with GT

Timeline of aminoacids contacts throughout 10ns period

Histogram representation of aminoacids contacts 

throughout 10ns period

Figure 17 : PL Contacts of Bcl-XL protein with DGT

Timeline of aminoacids contacts throughout 10ns period

Histogram representation of aminoacids contacts 

throughout 10ns period

Figure 18 : PL Contacts of Bcl-XL protein with GD

Timeline of aminoacids contacts throughout 10ns period

Histogram representation of aminoacids contacts 

throughout 10ns period

Figure 19  : PL Contacts of Bcl-XL protein with GT

Timeline of aminoacids contacts throughout 10ns period

Histogram representation of aminoacids contacts 

throughout 10ns period

S.No Compound
HOMO LUMO HLG

(eV) (eV) (eV)

1 DGT -0.2035 -0.0368 0.1667

2 GD -0.2026 0.0801 0.2827

3 GT -0.2085 0.0790 0.2875

Table 3: Frontier orbital energies of three compounds

DGT
GD GT

Compound Pa Pi Activity

DGT 0.635 0.011 Prostate cancer treatment

Table 4: Biological activity spectrum of DGT

S. Human QPlogKh QPlog Rule of
QPlogS Oral QPPcaco Metab

No

Compound

Sa Po/W five
absorption

1 DGT -1.606 3 -1.22 0.145 397.763 1 0

Table 5 : ADME properties of DGT calculated by QikProp simulation

Figure 27 : Effect of DGT on cell cycle progression of PC-3 cells by flow cytometry.

A- Control (PC-3 Cells)

B- Cells treated with 20µM/ml

C- Cells treated with 40µM/ml

A B C

Figure 49 : Effect of DGT on Caspase 3 protein expression in prostate cancer-induced Sprague-Dawley rats. Each value is 

mean ± SEM of 6 animals. Significance at P<0.05, a-compared with control; b-compared with cancer-induced.

Figure 47: Effect of DGT on Bad protein expression in 

prostate cancer-induced Sprague-Dawley rats. Each 

value is mean ± SEM of 6 animals. Significance at 

P<0.05, a-compared with control; b-compared with 

cancer-induced

Figure 48 : Effect of DGT on Caspase 9 protein 

expression in prostate cancer-induced Sprague-

Dawley rats. Each value is mean ± SEM of 6 animals. 

Significance at P<0.05, a-compared with control; b-

compared with cancer-induced

Figure 45 : Effect of DGT on Mcl-1 protein 

expression in prostate cancer-induced Sprague-

Dawley rats. Each value is mean ± SEM of 6 

animals. Significance at P<0.05, a-compared with 

control; b-compared with cancer-induced

Figure 46 : Effect of DGT on Bax protein 

expression in prostate cancer-induced Sprague-

Dawley rats. Each value is mean ± SEM of 6 

animals. Significance at P<0.05, a-compared with 

control; b-compared with cancer-induced

Figure 43 : Effect of DGT on Bcl-2 protein 

expression in prostate cancer-induced Sprague-

Dawley rats. Each value is mean ± SEM of 6 

animals. Significance at P<0.05, a-compared with 

control; b-compared with cancer-induced

Figure 44 : Effect of DGT on Bcl-XL protein 

expression in prostate cancer-induced Sprague-

Dawley rats. Each value is mean ± SEM of 6 

animals. Significance at P<0.05, a-compared with 

control; b-compared with cancer-induced

Figure 42: Biochemical analysis of prostate 

antioxidant enzyme GR. Each value is mean ±  SEM 

of 6 animals. Significance at P<0.05, a-compared 

with control; b-compared with cancer-induced.

Figure 40: Biochemical analysis of prostate antioxidant 

enzyme GPx activity. Each value is mean ± SEM of 6 

animals. Significance at P<0.05, a-compared with control; 

b-compared with cancer-induced.

Figure 41: Biochemical analysis of prostate antioxidant 

enzyme GST activity. Each value is mean ± SEM of 6 

animals. Significance at P<0.05, a-compared with 

control; b-compared with cancer-induced.

Figure 38: Biochemical analysis of prostate antioxidant 

enzyme SOD activity. Each value is mean ± SEM of 6 

animals. Significance at P<0.05, a-compared with control; 

b-compared with cancer-induced.

Figure 39: Biochemical analysis of prostate antioxidant 

enzyme catalase activity. Each value is mean ± SEM of 

6 animals. Significance at P<0.05, a-compared with 

control; b-compared with cancer-induced.

Figure 36 : Average prostate weight of rats treated with MNU + Testosterone (T), DGT at different concentration. 

Each bar represents mean ± SEM of 6 animals. The statistical significance was considered at the level of P< 0.05. a-

compared to control; b-compared to cancer-induced;; c-compared to cancer-induced-induced+DGT(5mg);d-

compared to cancer-induced-induced+DGT(10mg).

Compound Normal animal Cancer  induced DGT treated

(µg/l) anima (µg/l) animal

(µg/l)

PSA level 0.35 2.55 0.39

Table 6: PSA levels of experimental and control animals

Figure 35 : Average body weight of rats treated with MNU + Testosterone (T), DGT at different concentration. Each bar 

represents mean ± SEM of 6 animals. The statistical significance was considered at the level of P< 0.05. a-compared to 

control; b-compared to cancer-induced; c-compared to cancer-induced-induced+DGT(5mg).

Figure 47: Effect of DGT on Bad protein expression in 

prostate cancer-induced Sprague-Dawley rats. Each 

value is mean ± SEM of 6 animals. Significance at 

P<0.05, a-compared with control; b-compared with 

cancer-induced

Figure 47: Effect of DGT on Bad protein expression in 

prostate cancer-induced Sprague-Dawley rats. Each 

value is mean ± SEM of 6 animals. Significance at 

P<0.05, a-compared with control; b-compared with 

cancer-induced

Figure 47: Effect of DGT on Bad protein expression in 

prostate cancer-induced Sprague-Dawley rats. Each 

value is mean ± SEM of 6 animals. Significance at 

P<0.05, a-compared with control; b-compared with 

cancer-induced

Figure 47: Effect of DGT on Bad protein expression in 

prostate cancer-induced Sprague-Dawley rats. Each 

value is mean ± SEM of 6 animals. Significance at 

P<0.05, a-compared with control; b-compared with 

cancer-induced

Figure 47: Effect of DGT on Bad protein expression in 

prostate cancer-induced Sprague-Dawley rats. Each 

value is mean ± SEM of 6 animals. Significance at 

P<0.05, a-compared with control; b-compared with 

cancer-induced

Figure 47: Effect of DGT on Bad protein expression in 

prostate cancer-induced Sprague-Dawley rats. Each 

value is mean ± SEM of 6 animals. Significance at 

P<0.05, a-compared with control; b-compared with 

cancer-induced

Figure 47: Effect of DGT on Bad protein expression in prostate cancer-induced Sprague-Dawley rats. Each value is mean ± 

SEM of 6 animals. Significance at P<0.05, a-compared with control; b-compared with cancer-induced
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in- silico

in- vitro

in- vivo

• Docking- Glide scrodinger software

• Molecular simulation- Desmond of scrodinger 

software

• Electronic scturutal properties- Jaguar of scrodinger 

software

• Biological activity prediction of DGT- pass server

• ADME protperties of DGT- Qik prop of scrodinger 

software

• MTT assay

• Flow cytometry analysis

• Western blotting- Bcl-2, Bcl-XL, Bax, Bad, Caspase 9, 

Caspase 3- PC-3 cell lines.

• Body and prostate weight measurement of both normal 

and compound treated animals 

• Morphological analysis of prostate with light 

microscopy studies

• Western blotting analysis- Bcl-2, Bcl-XL, Bax, Bad, 

Caspase 9, Caspase 3

• Antioxidant studies of prostate gland.
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