
http://crossmark.crossref.org/dialog/?doi=10.7324/JABB.2026.248972&domain=pdf








Gadade, et al.: Journal of Applied Biology & Biotechnology 2026;14(3):128-144132

�7�D�E�O�H���������/�&�Å�0�6���D�Q�D�O�\�V�L�V���R�I���W�K�H���K�\�G�U�R�D�O�F�R�K�R�O�L�F���H�[�W�U�D�F�W���R�I��Terminalia bellirica.

�&�R�P�S�R�X�Q�G���Q�D�P�H RT �6�W�U�X�F�W�X�U�H �0�R�O�H�F�X�O�D�U��
�I�R�U�P�X�O�D

�0�R�O�H�F�X�O�D�U��
�Z�H�L�J�K�W�����J���P�R�O��

�$�G�G�X�F�W�&�R�P�S�R�X�Q�G��
�F�O�D�V�V

3’,5,7‑Trihydroxy‑4’‑methoxy flavanone 1.282 C16H14O6 302.2788 M‑H Flavonoid

Isoamylamine 1.676 C5H13N 87.1634 M+H N/A

4‑Coumaroylquinic acid 1.761 C16H14O6 302.2788 M‑H N/A

Glabranin 6.361 C20H20O4 324.3704 M+H Flavonoids

Tricin 6.601 C17H14O7 330.2889 M+H Flavonoids

Quinate 6.652 C7H12O6 192.1666 M‑H N/A

Phloretin‑2’‑O‑glucoside 7.114 C21H24O10 436.4093 M+H N/A

6‑Prenylnaringenin 7.712 C20H20O5 340.3698 M+H N/A

(Contd...)
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�7�D�E�O�H������ (Continued).

�&�R�P�S�R�X�Q�G���Q�D�P�H RT �6�W�U�X�F�W�X�U�H �0�R�O�H�F�X�O�D�U��
�I�R�U�P�X�O�D

�0�R�O�H�F�X�O�D�U��
�Z�H�L�J�K�W�����J���P�R�O��

�$�G�G�X�F�W�&�R�P�S�R�X�Q�G��
�F�O�D�V�V

Flavone 7.729 C15H10O2 592.5453 M+H Flavone 
C‑glycosides

Epigallocatechin 7.729 C15H14O7 306.2675 M+H N/A

1,4‑bis (p‑tolylamino) anthraquinone 9.302 C28H22N2O2 418.4865 M+H N/A

Eicosenoic acid 10.65 C18H34O2 310.5 M+H N/A

Fortunellin 10.739 C28H32O14 592.5453 M+H Flavonoid

immunotoxic or mutagenic potentials in a couple of compounds, and 
cytotoxicity levels were within acceptable ranges, which justifies their 
use in the subsequent research.

�����������$�'�0�(���3�U�R�S�H�U�W�\���$�Q�D�O�\�V�L�V

The ADME properties were assessed, and it was found that the 
majority of the seven compounds selected had high gastrointestinal 
absorption and moderate/good BBB permeability. The vast majority 
of compounds were not associated with P-glycoprotein substrates, 
which means that there is a lower probability of having bioavailability 
limitations in the form of efflux. There was limited cytochrome P450 
inhibition [Table  4], which indicates a low likelihood of drug–drug 
interaction. Six of them fell under the Lipinski rule of five, and 
Fortunellin was disqualified because of several infractions.

To integrate findings from multiple databases, six phytocompound 
targets were retrieved from the Swiss Target Prediction database, 
whereas disease-associated targets were curated through the GeneCards 
database. The phytocompound targets were uploaded into the STRING 
database to study the PPI networks shown in Figure  2 and perform 
KEGG pathway analysis. PPI analysis revealed significant interaction 
clusters, shedding light on key biological processes and molecular 
pathways influenced by the selected phytocompounds. KEGG pathway 
analysis revealed pathways potentially modulated by these targets, many 
of which were associated with specific disease states.

The Venn diagram juxtaposes the two datasets, “Compound Targets” 
(311 elements) and “Disease Targets” (18,390 elements). The analysis 

revealed that 281 targets (1.5%) were common to both lists, indicating 
potential shared biological mechanisms or interactions that could be 
critical for understanding therapeutic effects or drug development. The 
analysis also revealed that 30 targets (0.2%) are unique to the “Compound 
Targets” list, suggesting pathways or mechanisms that specifically 
appraise the compounds studied. Finally, 18,109 targets (98.3%) found 
only in the “Disease Targets” list indicate disease-related mechanisms 
not directly associated with the compounds. The large number of 
unique disease targets (18,109) reflects the complexity of breast cancer. 
However, by applying a high-confidence threshold (relevance score 
>10) to the GeneCards data, the analysis focused on 1,842 top-ranked 
targets for a more biologically relevant network. The 281 overlapping 
targets between this high-confidence set and the compound targets were 
considered the most promising for mediating the anti-breast cancer 
effects and were used for subsequent pathway analysis [Figure 3].

A complete network was built to describe the interactions between 
compound-specific targets and disease-associated targets, as shown 
in Figure 4 and Table 5. The network shows some key nodes and hubs 
�W�R���E�H�W�W�H�U���D�S�S�U�H�F�L�D�W�H���W�K�H���F�U�L�W�L�F�D�O���P�R�G�X�O�D�W�R�U�V���L�Q���W�K�H���V�\�V�W�H�P�����7�K�H���O�L�J�D�Q�G�Å
target interaction network is shown in yellow. The identified targets 
and their ligands were studied through molecular docking, which 
revealed compelling and specific interactions with important protein 
targets. To validate these interactions further, we performed MD 
simulations that revealed the stability and dynamic behavior of the 
docked complexes over time. These analyses confirmed worthwhile 
interactions and reinforced the therapeutic potential of the set of 
phytocompounds.
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�7�D�E�O�H������ Toxicological properties of the phytocompounds.

S. No �1�D�P�H���R�I���F�R�P�S�R�X�Q�G �&�D�U�F�L�Q�R�J�H�Q�L�F�L�W�\�,�P�P�X�Q�R�W�R�[�L�F�L�W�\�0�X�W�D�J�H�Q�L�F�L�W�\�&�\�W�R�W�R�[�L�F�L�W�\

1 Isoamylamine No No No No

2 Glabranin No Yes No No

3 Tricin No No No No

4 Phloretin‑2’‑O‑glucoside No No No No

5 Flavone YES No No Yes

6 Epigallocatechin No No No No

7 1,4‑bis (p‑tolylamino) anthraquinone Yes No Yes No

8 Fortunellin No Yes No No

9 3’,5,7‑Trihydroxy‑4’‑methoxy flavanone No Yes No No

10 4‑Coumaroylquinic acid No Yes No No

11 Quinate No No No No

12 6‑Prenylnaringenin No No No No

13 Eicosenoic acid No No No No

�7�D�E�O�H������ ADME properties of the phytocompounds.

S. 
No

�1�D�P�H���R�I��
�F�R�P�S�R�X�Q�G

GI 
�D�E�V�R�U�S�W�L�R�Q

Blood–
brain 
barrier 
�S�H�U�P�H�D�Q�W

Pgp 
�V�X�E�V�W�U�D�W�H

CYP1A2 
�L�Q�K�L�E�L�W�R�U

CYP2C19 
�L�Q�K�L�E�L�W�R�U

CYP2C9 
�L�Q�K�L�E�L�W�R�U

CYP2D6 
�L�Q�K�L�E�L�W�R�U

CYP3A4 
�L�Q�K�L�E�L�W�R�U

�/�L�S�L�Q�V�N�L�5�X�O�H�%�L�R�D�Y�D�L�O�D�E�L�O�L�W�\��
�V�F�R�U�H

1 Isoamylamine High Yes No No No No No No Yes 0.55
2 Glabranin High Yes No Yes Yes Yes Yes Yes Yes 0.55
3 Tricin High No No Yes No Yes Yes Yes Yes 0.55
4 Phloretin‑2’‑O‑ 

glucoside
Low No Yes No No No No No Yes 0.55

5 Flavone High Yes No Yes Yes No No No Yes 0.55
6 Epigallocatechin High No No No No No No No Yes 0.55
7 1,4‑bis 

(p‑tolylamino) 
anthraquinone

High No No Yes Yes No No No Yes 0.55

8 Fortunellin Low No Yes No No No No Yes No 0.17
9 3’,5,7‑Trihydroxy‑ 

4’‑ methoxy 
flavanone

High No Yes Yes No No No Yes Yes 0.55

10 4‑ Coumaroylquinic 
acid

Low No No No No No No No Yes 0.56

11 Quinate Low No Yes No No No No No Yes 0.56
12 6‑Prenylnaringenin High No No Yes No Yes Yes Yes Yes 0.55
13 Eicosenoic acid Low No No Yes No Yes No No Yes 0.85

�����������0�R�O�H�F�X�O�D�U���'�R�F�N�L�Q�J

Our docking analysis revealed that the binding affinity of protein–
ligand complexes varies. The docking score was successfully used 
to quantify the extent of interaction between two entities, that is, 
ligands and proteins. Molecular docking revealed strong binding 
affinities for both the phytocompound 6-prenylnaringenin (3PP0-
TOP1) and the standard drug doxorubicin (3PP0-STD) with the 
�+�(�5���� �N�L�Q�D�V�H�� �G�R�P�D�L�Q���� �7�K�H�� �F�D�O�F�X�O�D�W�H�G�� �G�R�F�N�L�Q�J�� �V�F�R�U�H�V�� �Z�H�U�H�� �í��������
�N�F�D�O���P�R�O���I�R�U�����3�3�����7�2�3�����D�Q�G���í���������N�F�D�O���P�R�O���I�R�U�����3�3�����6�7�'�����$ �P�R�U�H��
negative score indicates a stronger predicted binding affinity; 
therefore, doxorubicin showed a superior docking score compared 
to the phytocompound. Leu726, Ser728, Gly729, Met801, Asp845, 
Arg849, Asn850, Leu852, Thr862, and Asp863 are among the 
signature residues involved in complex interactions, indicating a 

stable and potentially more productive modality of binding. The 
comparatively high number of interacting residues in this kind of 
complex indicates that the ligand adopts a favorable conformation 
toward the protein to bind firmly, thus increasing the probability of 
docking. In contrast, although it is a complex of high binding affinity 
�Z�L�W�K���D���G�R�F�N�L�Q�J���V�F�R�U�H���R�I���í�����������W�K�H�����3�3�����6�7�'���F�R�P�S�O�H�[���L�Q�W�H�U�D�F�W�V���Z�L�W�K��
several important residues, such as LEU726, SER728, GLY729, 
ALA730, VAL734, ALA751, LYS753, THR798, CYS805, ASP845, 
ARG849, ASN850, LEU852, THR862, and ASP863. However, their 
interaction is comparatively stronger because it seems to have a 
weaker or less optimal binding orientation than its counterpart. The 
docking scores of the selected ligands docked to the target proteins 
are tabulated and provided in Table  6, along with 2D interaction 
images in Figure 5.
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�)�L�J�X�U�H���������3�U�R�E�D�E�O�H���S�U�R�W�H�L�Q�Å�S�U�R�W�H�L�Q���L�Q�W�H�U�D�F�W�L�R�Q���Q�H�W�Z�R�U�N��

3.7. MD
All-atom MD simulation was a powerful method for studying the 
dynamic structural behavior of proteins and their interactions with 
ligands. This methodology revolutionized computer-aided drug 
design and research, facilitating exploration of molecular systems 
at atomic resolution. In the present study, MD simulations were 
employed to further explore conformational changes upon binding 
�R�I�� �W�K�H�� �W�D�U�J�H�W�� �S�U�R�W�H�L�Q���� �)�R�U�� �W�K�H�� �S�U�R�W�H�L�Q�Å�O�L�J�D�Q�G�� �F�R�P�S�O�H�[���� �V�H�Y�H�U�D�O��

parameters were calculated: RMSD, RMSF, Rg, SASA, and H-bond 
interactions.

3.7.1. RMSD
The RMSD profiles for all systems reached a stable plateau after the 
initial ~50 ns, suggesting the simulations had equilibrated [Figure 6]. 
The average RMSD values over the production phase were 0.37 ± 
0.05  nm for 3PP0-APO, 0.30 ± 0.04  nm for 3PP0-TOP1, and 0.29 
± 0.04 nm for 3PP0-STD. The lower average RMSD in the liganded 
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�)�L�J�X�U�H������ Venn diagram of compound targets and disease targets.

3.7.2. RMSF
RMSFs were used to track the movements of individual residues and 
flexible sections of a protein over MD runs. Thus, with the help of RMSF 
calculations during simulations, we measured how ligand binding 
affects a protein. Typically, minor regular protein conformations, such 
as sheets and helices, exhibited lower RMSF, whereas loosely ordered 
loop regions presented higher RMSF values. The RMSD values for 
all the peaks were computed and plotted per residue for the 3PP0-
APO, 3PP0-TOP1, and 3PP0-STD complexes [Figure 7]. The average 
RMSF values of 3PP0-APO, 3PP0-TOP1, and 3PP0-STD were 0.18 
± 0.11  nm, 0.17 ± 0.10  nm, and 0.17 ± 0.09  nm, respectively. The 
RMSF distributions of these three complexes, including the ligand, 
remained largely unchanged compared with those of the STD and APO 
complexes.

3.7.3. Rg
To measure the dynamic stability and solidity of the 3PP0-APO, 3PP0-
TOP1, and 3PP0-STD complexes, the Rg values were calculated and 
graphed over time [Figure 8]. The average Rg values for 3PP0-APO, 
3PP0-TOP1, and 3PP0-STD were 2.00 ± 0.02 nm, 2.01 ± 0.02 nm, and 
2.01 ± 0.02 nm, respectively. Compared with the 3PP0-STD complex 
system, the 3PP0-TOP1 complex system presented similar Rg values, 
indicating that both complex systems had comparable compactness.

3.7.4. SASA
The SASA was a useful parameter for evaluating the accessibility of a 
protein molecule in a solvent environment. In this study, to determine 
the impact of 3PP0-STD binding on the solvent accessibility of the 
target, the SASA values were calculated and plotted [Figure 9]. The 
plot revealed a comparable pattern in the SASA values of 3PP0-APO, 
3PP0-TOP1, and 3PP0-STD. The average SASA values for 3PP0-
APO, 3PP0-TOP1, and 3PP0-STD were determined to be 150.41 ± 
4.24 nm, 156.27 ± 3.27 nm, and 157.40 ± 3.52 nm, respectively. The 
SASA values showed fair equilibration without significant fluctuations 
throughout the simulation.

�7�D�E�O�H������ Pathways associated with breast cancer progression modulated by phytocompounds.

�3�D�W�K�Z�D�\�V �3�U�R�W�H�L�Q�V

Pathways in 
cancer

MAPK1, BDKRB1, MMP2, RPS6KB1, CDKN1B, FLT3, EGLN3, PDGFRA, CDK4, PDGFRB, MAPK3, PRKCG, BIRC3, PIK3CA, 
CDK6, CDK2, ERBB2, EGFR, CSF1R, PPARG, KIT, STAT6, MAP2K1, CXCL8, F2, TERT, CASP3, EDNRA, MET, ROCK2, MMP1, 
GSK3B, NOS2, HSP90AA1, GSTA1, FGFR3, PTK2, ESR2, RET, STAT1, MTOR, EGLN1, PTGS2, CASP7, GSTO1, XIAP, HSP90AB1, 
MMP9, ABL1, PIM1, HDAC1, AR, PIM2, PIK3CD, JAK2, ALK, BAD, MAPK8, BCL2, GSTP1, ROCK1, FGFR1, AGTR1, RAF1, 
ESR1, PRKCA, FGFR2, BRAF, RXRA, IKBKB, NTRK1, JAK3, TGFBR1, BDKRB2, AKT1, BIRC2, PRKCB, IGF1R, JAK1, PIK3CB

PI3K‑Akt 
signaling 
pathway

MAPK1, RPS6KB1, CDKN1B, FLT3, PDGFRA, CDK4, PDGFRB, MAPK3, KDR, PIK3CA, CDK6, CDK2, ERBB2, EGFR, NTRK2, 
FLT1, CSF1R, KIT, NOS3, MAP2K1, INSR, CHRM1, MET, GSK3B, HSP90AA1, FGFR3, PTK2, PDPK1, EPHA2, MTOR, MCL1, 
HSP90AB1, SYK, PIK3CD, JAK2, BAD, BCL2, FGFR1, CHRM2, RAF1, PRKCA, FGFR2, PIK3CG, RXRA, IKBKB, NTRK1, JAK3, 
AKT1, ITGB3, IGF1R, JAK1, PIK3CB

MAPK signaling 
pathway

TNFRSF1A, MAPK1, DUSP3, MAPK14, FLT3, CDC25B, PDGFRA, PDGFRB, MAPK3, MAP3K8, PRKCG, KDR, ERBB2, EGFR, 
NTRK2, FLT1, CSF1R, KIT, DUSP16, MAP2K1, INSR, CASP3, MET, FGFR3, EPHA2, MAP3K5, CACNA1S, MAPKAPK2, 
PLA2G4A, MAPK8, FGFR1, RAF1, PRKCA, FGFR2, BRAF, STK3, IKBKB, NTRK1, TGFBR1, AKT1, IRAK4, PRKCB, IGF1R

HIF‑1 signaling 
pathway

MAPK1, SERPINE1, RPS6KB1, CDKN1B, EGLN3, MAPK3, PRKCG, PIK3CA, ERBB2, EGFR, FLT1, NOS3, MAP2K1, INSR, NOS2, 
MTOR, EGLN1, PIK3CD, PDK1, BCL2, PRKCA, AKT1, PRKCB, IGF1R, PIK3CB

ErbB signaling 
pathway

MAPK1, RPS6KB1, CDKN1B, MAPK3, PRKCG, PIK3CA, ERBB2, EGFR, MAP2K1, GSK3B, PTK2, MTOR, ABL1, SRC, PIK3CD, 
BAD, MAPK8, RAF1, PRKCA, BRAF, AKT1, PRKCB, PIK3CB

Estrogen 
signaling 
pathway

MAPK1, MMP2, MAPK3, PIK3CA, EGFR, NOS3, MAP2K1, PRKCD, HSP90AA1, ESR2, HSP90AB1, MMP9, SRC, PIK3CD, BCL2, 
OPRM1, RAF1, ESR1, AKT1, PIK3CB

mTOR signaling 
pathway

TNFRSF1A, MAPK1, RPS6KB1, MAPK3, PRKCG, PIK3CA, MAP2K1, INSR, GSK3B, PDPK1, MTOR, PIK3CD, RAF1, PRKCA, 
BRAF, IKBKB, AKT1, PRKCB, IGF1R, PIK3CB

p53 signaling 
pathway

SERPINE1, CDK4, CDK6, CDK2, CASP3, CDK1, BCL2, CHEK1

�7�D�E�O�H������ Docking scores and interactions with proteins.

�3�U�R�W�H�L�Q�Å�/�L�J�D�Q�G��
�&�R�P�S�O�H�[

�'�R�F�N�L�Q�J��
�V�F�R�U�H

�,�Q�W�H�U�D�F�W�L�R�Q�V

3PP0‑Top1
(155094)
6‑Prenylnaringenin

�í������ LEU726, SER728, GLY729, MET801, 
ASP845, ARG849, ASN850, LEU852, 
THR862, ASP863

3PP0‑standard
(31703)
doxorubicin

�í������ LEU726, SER728, GLY729, ALA730, 
VAL734, ALA751, LYS753, THR798, 
CYS805, ASP845, ARG849, ASN850, 
LEU852, THR862, ASP863

systems suggested a potential stabilizing effect upon ligand binding. 
It was important to note that these observations are based on single 
simulation runs; future studies incorporating multiple independent 
replicates and statistical testing would be required to confirm the 
significance of these differences.
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�)�L�J�X�U�H������ Network representation of compounds, proteins, and pathway interactions.
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�)�L�J�X�U�H������ Root mean square deviation conformational dynamics analysis of 
3PP0-APO, 3PP0-TOP1, and 3PP0-STD

�)�L�J�X�U�H������ Root mean square fluctuation conformational dynamics analysis of 
the 3PP0-APO, 3PP0-TOP1, and 3PP0-STD complexes.

3.7.5. Intra- and Inter-hydrogen Bonds
To examine the stability of protein interactions (3PP0-APO, 3PP0-
TOP1, and the 3PP0-STD complex), the formation of intra- and inter-
hydrogen bonds played a vital role. We examined the time-dependent 
behavior of the intrahydrogen bonds of the 3PP0-APO, 3PP0-TOP1, 
and 3PP0-STD complexes and plotted the results [Figure  10]. The 
average intra-H-bond values for 3PP0-APO, 3PP0-TOP1, and the 
3PP0-STD complex were determined to be 205.65 ± 8.09 nm, 201.65 
± 8.07 nm, and 202.42 ± 7.43 nm, respectively. The plot revealed that, 
despite more hydrogen bonds being formed in the 3PP0-TOP1 and 
3PP0-STD complexes than in the 3PP0-APO form of the protein, the 
results indicated that the 3PP0-TOP1 and 3PP0-STD complexes were 
more stable than the 3PP0-APO form.

The formation of hydrogen bonds played a crucial role in assessing 
the stability of protein–ligand interactions. In this study, we 
investigated the time-dependent behavior of hydrogen bonds 
between 3PP0-APO, 3PP0-TOP1, and 3PP0-STD and plotted the 
results [Figure 11]. Our analysis indicated that the docked complex 
remained stable during the simulation, maintained by at least 1–6 

hydrogen bonds with 3PP0-TOP1 and 1–4 hydrogen bonds with the 
3PP0-STD complex.

The MD analyses and conclusions presented herein are based on single 
200 ns simulations for each system. While the trajectories appear 
stable and converged based on the RMSD and other parameters, we 
note that these findings represent a preliminary investigation. More 
robust conclusions regarding convergence and statistical significance 
would require multiple independent simulation replicates, which is a 
recognized direction for future work

�����������3�U�L�Q�F�L�S�D�O���&�R�P�S�R�Q�H�Q�W���$�Q�D�O�\�V�L�V�����3�&�$��

To explore the collective movements in 3PP0-APO, 3PP0-TOP1, and 
3PP0-STD, we conducted PCA. The initial few eigenvectors (EVs) 
played a crucial role in the global motion of a protein molecule. 
We carried out PCA using GROMACS to study the conformational 
dynamics of 3PP0-APO, 3PP0-TOP1, and 3PP0-STD during the 

�)�L�J�X�U�H������ Radius of gyration conformational dynamics analysis of the 3PP0-
APO, 3PP0-TOP1, and 3PP0-STD complexes.

�)�L�J�X�U�H������ Solvent accessible surface area conformational dynamics analysis 
of the 3PP0-APO, 3PP0-TOP1, and 3PP0-STD complexes.

�)�L�J�X�U�H�������� Intramolecular hydrogen bonds of 3PP0-APO, 3PP0-TOP1, and 
3PP0-STD during the simulation time.

�)�L�J�X�U�H�������� Intermolecular hydrogen bonds between proteins and ligands 
during the simulation.
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