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      Geniposidic acid is an iridoid glycoside. Iridoid glycosides showed antitumor, anti-inflammatory, cardiovascular, anti-hepatotoxic, 

choleretic, hypoglycaemic, hypolipidemic, antispasmodic, antiviral, immunomodulatory, and purgative activities. In this study, we focused 

on an iridoid glycoside geniposidic acid and computationally established the molecule as an anticancer drug. By doing so, we performed 

molecular docking, molecular dynamic simulation, DFT calculation, and OSIRIS-MOLINSPIRATION profiling targeting various oncogenic 

receptors. Outcomes suggested that geniposidic acid showed good interactions with 4DRH, 4AG8, and 4HJO. As these receptors showed 

anticancer activity by interacting with peptidylprolyl isomerase, VEGFR2, and EGFR tyrosine kinase, it might be possible that geniposidic 

shows its activity in the same way. RMSD, RMSF, Rg, and SASA values of docked conformers create a positive impact on receptor 

interaction. DFT (Density functional theory) calculation stated that HOMO (Highest Occupied Molecular Orbital) orbital of geniposidic acid 

mainly delocalized on the total aglycone part, and in the case of LUMO (Lowest Unoccupied Molecular Orbital) orbital image showed that 

the total electron cloud focused on C-O-C=C-COOH group of aglycone part. In-silico profiling of geniposidic acid showed that the molecule 

positively interacted with G-protein coupled receptor (GPCR) and nuclear receptors. This information collectively confirms that if we 

relaunch geniposidic acid in a pharmacologically established manner, then it will be a boon for mankind to treat cancer. 
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INTRODUCTION 
 

      Cancer is described as the unregulated growth of cells 

caused by the dysregulation of cell signaling pathways and 

the dispersion of invasive neoplastic cells in various tissues, 

making cancer a multifactorial disease [1-2]. Cancer is a 

global health challenge because of its high occurrence 

worldwide, it claims about 8 million deaths per year with 14 

million new cases annually [3]. Cancer initiation, 

propagation, and progression are three distinguishable phases 

of carcinogenesis [4]. Multiple mutations disrupt signaling 

pathways,  which  have been  linked to  cancer  development 
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[5,6]. The MAPK (Mitogen-Activated Protein Kinase) 

signaling cascade [7,8] plays an important role in tumor 

progression, oncogenesis [9], and drug resistance [10-12]. 

The ErbB/HER (Erythroblastic Oncogene-B/Human 

Epidermal growth factor receptor) family plays a decisive 

role in the proliferation, differentiation, migration, and 

survival of cells [13,14]. EGFR mutations and 

overexpression have been linked to the occurrence and 

spread of several cancers, most notably breast, lung, prostate, 

bladder, ovary, and pancreatic cancers [15,16]. At the 

molecular level, stimulation of EGFR (Epidermal growth 

factor receptor) induces intrinsic tyrosine kinase activity and 

cellular signaling those results in cell growth and 

proliferation  [17-18].  As  a  result,  99%  of  EGFR tyrosine  
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kinase inhibitors, such as Iressah (gefitinib) and Tarcevah 

(erlotinib) [19-22], are highly effective against lung cancers; 

Zactimah (Vandetanib) is highly effective against late-stage 

medullary thyroid cancer, and Tykerbh (Lapatinib) is highly 

effective against metastatic breast cancer [23-27]. In 

connection with the development of anticancer agents, 

various synthetic molecules were developed, but synthetic 

molecules were associated with huge side effects [28-30]. In 

this context, anticancer agents isolated from natural sources 

were observed with greater efficacy and fewer side effects. In 

terms of this connection, our research focused on Premna 

barbata Wall. ex Schauer (Family: Lamiaceae) [31,32]. Many 

active phytoconstituents are reported in this plant, including 

iridoid glycosides, flavonoids, and terpenoids [33-35]. 

Among other iridoid glycosides, geniposidic acid is the main 

constituent obtained from Premna barbata.  Geniposidic acid 

was also isolated from Avicennia officinalis, Gardenia 

jasminoides, Premna barbata, and Premna integrifolia 

[36,37] (Fig. 1). Till now, the antitumor activity of 

geniposidic acid has been reported [38]. The cause behind the 

partial exploration of geniposidic acid was the natural low 

abundance [39]. Earlier studies reported that iridoid 

glycosides were observed with antitumor, anti-inflammatory, 

cardiovascular, anti-hepatotoxic, choleretic, hypoglycaemic, 

hypolipidemic, antispasmodic, antiviral, 

immunomodulatory, and purgative activities [40]. Recently, 

reported that leaves of Dipsacus fullonum L showed good 

anticancer activities against breast cancer [41]. In this study, 

we performed molecular docking, molecular dynamic 

simulation, DFT calculation, and OSIRIS-

MOLINSPIRATION profiling of geniposidic acid targeting 

various oncogenic targets.  

 
MATERIALS AND METHODS 
 

Structural Information of Geniposidic Acid 
      The structure of geniposidic acid contained five hydrogen 

bond donors, ten hydrogen bond acceptors, one negative ion, 

and one hydrophobic group. The molecular formula, formula 

weight, molar refractivity, molar volume, parachor value, and 

surface tension of geniposidic acid are C16H22O10, 374.3398, 

83.74 cm3, 226.9 cm3, 702.1 cm3, and 91.6 dyne/cm, 

respectively [42]. As geniposidic acid was partially explored 

in terms of applicability, there is  a  chance  that  geniposidic 

 

 

 
Fig. 1. Structure of geniposidic acid. 

 

 

acid comes under pan assay interference compounds 

(PAINS) in high throughput screening, so we also checked 

that possibility. The detailed search showed that toxoflavin, 

isothiazolones, hydroxyphenyl hydrazones, curcumin, 

phenol-sulfonamides, rhodanines, enones, quinones, and 

catechols were observed as PAINS, [43] but after the 

development of the electronic filter, dicyanoalkene is an 

authorized PAINS. So, we easily confirmed that geniposidic 

acid in whole or in part does not belong to the PAINS 

category. 

 

Molecular Docking Studies of Geniposidic Acid 
against Different Oncogenic Targets 
      In this way, we mainly focused on epidermal growth 

factor receptor (EGFR) kinase, tyrosine kinase, mitogen-

activated protein kinase-1 (MAPK), estrogen receptor alpha, 

cyclic adenosine monophosphate dependent protein kinase, 

peptidylprolyl isomerase, progesterone receptor, forkhead 

box protein M1 DNA, caspase, human epidermal growth 

factor-2, cyclin-dependent kinase 2/cyclin-A complex, 

hepatitis C virus polymerase, and vascular endothelial 

growth factor receptor-2 binding protein receptors. There 

was an obvious question that arise in mind. Why do we select 

these oncogenic targets? EGFR activation up-regulates the 

PI3K/AKT cascade, which acts as a potent driver for tumor 

initiation and progression, leading to the inhibition of 

apoptosis, cellular proliferation, promotion  of  angiogenesis,  
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and metastasis [44]. Mutations in the ESR1 gene lead to 

abnormal MAPK signalling that may contribute to increased 

or uncontrolled cell proliferation along with resistance to 

apoptosis [45]. Overexpression of Ca2+/cAMP signalling (a 

molecular timer of the cell cycle) is responsible for abnormal 

proliferative responses leading to cancer [46]. A high level of 

Pin1 is also responsible for higher proliferative capacity and 

downregulates tumour suppressors, PI3K-AKT, Ras-ERK, 

and the JNK/p38MAPK signalling cascade [47,48]. The 

caspase enzyme plays an important role in apoptosis [49]. 

Overexpression and amplification of HER-2 also lead to 

cancer progression [50]. CDKs (checkpoints) act as a 

surveillance system that detects abnormalities during cell 

cycle progression [51]. HCV enters the host, replicates in 

hepatocytes, and releases its protein component in the cytosol 

which leads to a variety of cellular and immune-mediated 

changes that lead to HCC [52]. Hypoxia and dysregulation of 

growth factors PDGF, EGF, IGF-1, and TGF-α, and mutation 

lead to overexpression of VEGF, causing cancer [53]. 

 

Epidermal Growth Factor Receptor Kinase: 1M17, 
2J6M, 3QWQ, 4HJO, 3GOP, 4LQM, 4R3R, 4ZJV, 
and 5XWD (receptor PDB id) were Selected 
      1M17. 1M17 is an EGFR tyrosine kinase receptor 

complexed with erlotinib. The receptor was isolated from 

Homo sapiens with Spodoptera frugiperda as an expressing 

system. The receptor belongs to the transferase category with 

E.C number 2.7.1.112. It has one chain with 333 amino acids 

[54].  

      2J6M. 2J6M is an EGFR kinase receptor complex with 

AEE788. The receptor was isolated from Homo sapiens with 

Spodoptera frugiperda as an expressing system. The receptor 

belongs to the transferase category with E.C number 

2.7.1.112. It has one chain with 327 amino acids [55]. 

      3QWQ. 3QWQ is a crystal structure of the extracellular 

domain of the EGFR in a complex with an adnectin. The 

receptor was isolated from Homo sapiens with Escherichia 

coli and Spodoptera frugiperda as expression systems. The 

receptor belongs to the protein binding/signalling protein 

category with E.C number 2.7.10.1. It has one chain with 258 

amino acids [56].  

      4HJO. 4HJO is a crystal structure of the inactive EGFR 

tyrosine kinase domain with erlotinib. The receptor was 

isolated  from  Homo  sapiens   with  Escherichia  coli  as an 

 

 

expressing system. The receptor belongs to the transferase 

category with E.C number 2.7.10.1. It has one chain with 337 

amino acids [57].  

      3GOP. 3GOP is the crystal structure of the EGFR 

juxtamembrane and kinase domains. The receptor was 

isolated from Homo sapiens with Spodoptera frugiperda as 

an expressing system. The receptor belongs to the transferase 

category with E.C number 2.7.10.1. It has one chain with 361 

amino acids [58]. 

      4LQM. 4LQM is the crystal structure of EGFR L858R in 

complex with the ligand molecule N-[4-(3-Bromo-

phenylamino)-quinazolin-6-yl]-acrylamide.The receptor was 

isolated from Homo sapiens with Spodoptera frugiperda as 

an expressing system. The receptor belongs to the transferase 

category with E.C number 2.7.10.1. It has one chain with 331 

amino acids [59].  

      4R3R. 4R3R is the crystal structure of EGFR in complex 

with Mig6. The receptor was isolated from Homo sapiens 

with Spodoptera frugiperda as an expressing system. The 

receptor belongs to the transferase category with E.C number 

2.7.10.1. It has one chain with 323 amino acids [60].  

      4ZJV. 4ZJV is the crystal structure of the EGFR kinase 

domain in a complex with the peptide-linking protein. The 

receptor was isolated from Homo sapiens with Spodoptera 

frugiperda and Escherichia coli as expression systems. The 

receptor belongs to the transferase category with E.C number 

2.7.10.1.  

      5XWD. 5XWD is the crystal structure of the complex of 

059-152-Fv fragment and EGFR-ECD complexed with 2-

acetamido-2-deoxy-β-D-glucopyranose. The receptor was 

isolated from Homo sapiens with Homo sapiens as an 

expressing system. The receptor belongs to the signalling 

protein category with E.C number 2.7.10.1. It has one chain 

with 651 amino acids.  

 

Tyrosine Kinase: 3CS9 (Receptor PDB id) was 
Selected 
      3CS9. 3CS9 is a human tyrosine (ABL) kinase co-

crystallized with nilotinib. The receptor was isolated from 

Homo sapiens with Spodoptera frugiperda as an expressing 

system. The receptor belongs to the transferase category with 

E.C number 2.7.10.2. It has four chains with 277 amino acids 

on each chain.  
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Mitogen-activated Protein kinase-1: 3EQG and 
4LMN (Receptor PDB id) were Selected 
      3EQG. 3EQG is the crystal structure of human MEK1                                 

in a ternary complexed with N-{[(2R)-2,3- dihydroxy-

propyl]oxy}-3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino] 

benzamide. The receptor was isolated from Homo sapiens 

with Escherichia coli as an expressing system. The receptor 

belongs to the transferase category with E.C number 2.7.12.2. 

It has one chain with 360 amino acids.  

      4LMN. 4LMN is a crystal Structure of MEK1 kinase 

receptor complexed with [3,4-bis(fluoranyl)-2-[(2-fluoranyl-

4-iodanyl-phenyl)amino]phenyl]-[3-oxidanyl-3-[(2S)-

piperidin-2-yl]azetidin-1-yl]methanone. The receptor was 

isolated from Homo sapiens with Escherichia coli as an 

expressing system. The receptor belongs to the transferase 

category with E.C number 2.7.12.2. It has one chain with 341 

amino acids.  

 

Estrogen Receptor Alpha: 3ERT (Receptor PDB id) 
was Selected 
      3ERT. 3ERT is a human estrogen receptor alpha 

complexed with 4-hydroxy tamoxifen. The receptor was 

isolated from Homo sapiens with Escherichia coli as an 

expressing system. The receptor belongs to the nuclear 

receptor category. It has one chain with 261 amino acids.  

 

Cyclic Adenosine Monophosphate Dependent 
Kinase: 3OVV (Receptor PDB id) was Selected 
      3OVV. 3OVV is a human cyclic adenosine 

monophosphate-dependent protein kinase enzyme 

complexed with N'-[(1E)-(4-hydroxyphenyl) methylidene]-

2-(3-methoxyphenyl) acetohydrazide inhibitor. The receptor 

was isolated from Homo sapiens with Escherichia coli as an 

expressing system. The receptor belongs to the transferase 

category with E.C number 2.7.11.11. It has one chain with 

351 amino acids [61].  

 
Peptidylprolyl Isomerase: 4DRH (Receptor PDB id) 
was Selected 
      4DRH. 4DRH is the crystallized structure of the 

peptidylprolyl isomerase domain of FKBP51, Rapamycin, 

and the FRB fragment of the mammalian target of rapamycin 

at low pH. The receptor was isolated from Homo sapiens with 

Escherichia coli BL21 as an expressing system. The receptor  

 

 

belongs to the isomerase/transferase category with E.C 

number 5.2.1.8. It has four chains with 144 amino acids (A 

and D chains) and 98 amino acids (B and E chains) [62].  

 
Progesterone Receptor: 4OAR (Receptor PDB id) 
was Selected 
      4OAR. 4OAR is a progesterone receptor bound with 

[(8S,11R,13S,14S,17R)-17-acetyl-11-[4-(dimethylamino) 

phenyl]-13-methyl-3-oxo-1,2,6,7,8,11,12,14,15,16-deca-

hydrocyclopenta[a]-phenanthren-17-yl] acetate as ligand 

molecule. The receptor was isolated from Homo sapiens with 

Escherichia coli BL21 as an expressing system. The receptor 

belongs to the transcription/peptide category. It has one chain 

with 258 amino acids [63].  

 

Forkhead M1 DNA: 3G73 (Receptor PDB id) was 
Selected 
      3G73. 3G73 is the crystal structure of forkhead box 

protein M1 DNA binding protein. The receptor was isolated 

from Homo sapiens with Escherichia coli as an expressing 

system. The receptor belongs to the transcription DNA 

category. It has two chains with 142 amino acids on each 

chain [64].  

 

Caspase Enzyme: 1QTN and 2XYP (Receptor PDB 
id) were Selected 
      1QTN. 1QTN is a crystal structure of caspase-8 

complexed with tetrapeptide inhibitor. The receptor was 

isolated from Homo sapiens with Escherichia coli as an 

expressing system. The receptor belongs to the hydrolase 

category with E.C number 3.4.22. It has one chain with 164 

amino acids.  

      2XYP. 2XYP is a crystal structure of caspase-3 

complexed with phenylmethyl-N-[(2S)-4-chloro-3-oxo-1-

phenyl-butan-2-yl] carbamate as an inhibitor. The receptor 

was isolated from Homo sapiens with Escherichia coli as an 

expressing system. The receptor belongs to the hydrolase 

category with E.C number 3.4.22.56. It has one chain with 

146 amino acids [65].  

 
Human Epidermal Growth fFactor 2: 3PP0 
(Receptor PDB id) was Selected 
      3PP0. 3PP0 is a crystal structure of the Human                                

HER2     kinase      domain      with      2-{2-[4-({5-chloro-6-                           
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[3-(trifluoromethyl) phenoxy] pyridin-3-yl}amino)-5H-

pyrrolo[3,2-d]pyrimidin-5 yl] ethoxy} ethanol  inhibitor. The 

receptor was isolated from Homo sapiens with Escherichia 

coli as an expressing system. The receptor belongs to the 

transferase category with E.C number 2.7.10.1. It has one 

chain with 146 amino acids. 

  
Cyclin-dependent Kinase 2/cyclin A: 4FX3 
(Receptor PDB id) was Selected 
      4FX3. 4FX3 is a crystal Structure of the cyclin-dependent 

kinase 2/cyclin A complex with oxindole inhibitor (3Z)-2-

oxo-3-[2-(4-sulfamoylphenyl)hydrazinylidene]-2,3-dihydro-

1H-indole-5-carboxylic acid. The receptor was isolated from 

Homo sapiens with Spodoptera frugiperda as an expressing 

system. The receptor belongs to the transferase category with 

E.C number 2.7.11.22. It has four chains with 298 amino 

acids (A and C chains) and 258 amino acids (B and D chains).  

 

Hepatitis C Virus Polymerase: 3HVO (Receptor 
PDB id) was Selected 
      3HVO. 3HVO is the structure of the genotype 2B 

hepatitis C virus polymerase complexed with 2-(3-

bromophenyl)-6-[(2-hydroxyethyl)amino]-1H-benzo[de] 

isoquinoline-1,3(2H)-dione. The receptor was isolated from 

the Hepatitis C virus isolate HC-J8 with Escherichia coli as 

an expressing system. The receptor belongs to the transferase 

category with E.C number 2.7.7.48. It has two chains with 

563 amino acids on each chain. 

 

Vascular Endothelial Growth Factor Receptors: 
4AG8 and 2OH4 (Receptor PDB id) were Selected 
      4AG8. 4AG8 is a crystal structure of the VEGFR2 kinase 

domain in complex with axitinib. The receptor was isolated 

from Homo sapiens with Spodoptera frugiperda as an 

expressing system. The receptor belongs to the transferase 

category with E.C number 2.7.10.1. It has one chain with 316 

amino acids.  

      2OH4. 2OH4 is the crystal structure of VEGFR2 with a 

benzimidazole-urea inhibitor (methyl (5-{4-[({[2-fluoro-5-

(trifluoromethyl)phenyl]amino}carbonyl)amino]phenoxy}-

1H-benzimidazol-2-yl)-carbamate). The receptor was 

isolated from Homo sapiens with Escherichia coli as an 

expressing system. The receptor belongs to the transferase 

category  with  E.C  number  2.7.10.1. It  has one chain with 

 

 

316 amino acids [48].  

 

Ligand Preparation 
      The structure of geniposidicacid was developed using 

Avogadro software. The molecule was optimized using 

MMFF94 and steepest descent methods. Then all the three-

dimensional coordinates were added to the structure using 

Open Babel software. The total energy of the ligand was 

minimized using a swiss pdb viewer with the 20 steepest 

decent processes. Then all the polar hydrogens and gasteiger 

charges were added to the ligand molecule using 

AUTODOCK Vina and saved in PDB format. 

 
Software Used in Molecular Docking Studies 
      In this manuscript, different software such as 

AUTODOCK VINA, Drug Discovery Studio 3.5 client, open 

Babel GUI, and Pymol were used [66]. 

 

Molecular Docking Parameters of Geniposidic Acid 
Interacted with Different Oncogenic Targets 
      All the water molecules and co-crystallized ligands were 

eliminated before performing a docking study. All the grid 

parameters were put in Table S1. The grid space of all the 

receptors was size_x = 24, size_y = 24, size_z = 24, and 

exhaustiveness = 8. All the receptors were energy minimized 

using swiss pdb viewer with 20 steepest decent. 

 

Molecular Dynamics Simulation of Protein-ligand 
Complex 
      Molecular dynamic simulation data helped to understand 

the structural atomic level dynamics of the ligand molecules 

upon interaction with the receptors. In this study, the 

GROMACS 20.1 software package running on the LINUX 

UBUNTU platform was used to study the thermodynamic 

characteristics of the ligand-receptor complex. Separate the 

ligand molecule from the protein-ligand complex before 

beginning the simulation study, and then prepare 

GROMCAS-compatible gro files with the CHARMM 36 

force field. Then TIP3P water molecules, solvent molecules, 

sodium, and chloride ions were added to the processed files. 

Then the processed files were energy minimized using the 

steepest descent algorithm process with 500,000 iterative 

steps with variable time factors (ps). The energy 

minimization process was processed in two distinct steps. In  
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the initial step, the number of particles, volume, and 

temperature (NVFT) remained constant, followed by 

choosing the number of particles, pressure, and temperature 

factors as constant. In this study, pressure (1 ATM) and 

temperature (298 °K) were used. After performing the 

simulation study, root mean square deviation (RMSD), root 

mean square fluctuation (RMSF), radius of gyration (Rg), 

solvent accessible surface area (SASA), Lennard-Jones short 

range and coulombic short range energy potentials were 

calculated. In the determination of the RMSD value, only 

movable heavy atoms were taken to identify the best pose. 

The lower bound and upper bound RMSD values were used 

to calculate the total molecule simulation. RMSD and RMSF 

calculations were performed by using the backbone of 

protein and Cα of protein, respectively. Whereas the 

structural integrity of the ligand-protein complex was 

determined by the radius of gyration, SASA represented the 

topological surface area of the receptor molecule exposed to 

the solvent molecule during the simulation process. The 

Lennard-Jones short-range and coulombic short-range 

energy potential calculations were performed to calculate the 

nonbonded energy. 

 

Density Functional Theory Calculation of 
Geniposidic Acid 
      The density functional theory calculation of geniposidic 

acid was performed at the Becke-Lee-Parr hybrid exchange-

correlation three-parameter functional (B3LYP) level with 

the standard 6-311G+(d,p) basis set. The complete geometry 

optimization and vibrational frequencies were calculated at 

the B3LYP/6-311G+(d,p) level on the basis of the optimized 

structure. Vibration analysis showed that the optimized 

structure was in accordance with the minimum points on the 

potential energy surface [67]. All the convergent precisions 

were the system default values, and all calculations reported 

in this work were carried out using the Avogadro-ORCA 

software combination. A HOMO-LUMO image of 

geniposidic acid was presented using IBOView software. 

 

Profiling of Geniposidic Acid Using OSIRIS-
MOLINSPIRATION  
      In-silico prediction of cLogP, solubility, molecular 

weight, topological polar surface area, drug-likeness, drug 

score,  mutagenic  risk,  tumorigenic  risk,  irritant  risk, and  

 

 

reproduction risk of geniposidic acid were assessed by 

OSIRIS software, and in-silico bioactivity of geniposidic 

acid was predicted by MOLINSPIRATION software [68]. 

 

RESULTS 
  
Molecular Docking of Geniposidic Acid with 
Different Oncogenic Targets 
      Epidermal growth factor receptor tyrosine kinase. 

Geniposidic acid was docked with nine epidermal growth 

factor receptor tyrosine kinase receptors (PDB id: 1M17, 

2J6M, 3QWQ, 4HJO, 3GOP, 4LQM, 4R3R, 4ZJV, and 

5XWD). The ligand showed well docked against all the 

receptors with a good docking score. The binding energies of 

the molecule against 1M17, 2J6M, 3QWQ, 4HJO, 3GOP, 

4LQM, 4R3R, 4ZJV and 5XWD were (-) 7.1 kcal mol-1,                

(-) 8.0 kcal mol-1, (-) 6.1 kcal mol-1, (-) 9.0 kcal mol-1,                                        

(-) 6.2 kcal mol-1, (-) 8.2 kcal mol-1, (-) 6.3 kcal mol-1,                                   

(-) 7.5 kcal mol-1 and (-) 5.9 kcal mol-1with LYS 721 2.0 Ǻ, 

ASP 813 2.8 Ǻ, ARG 817 2.8 Ǻ by hydrogen bonding; MET 

793 2.4 Ǻ, ASP 855 2.0 Ǻ by hydrogen bonding; ASN 389 

2.4 Ǻ, GLU 388 2.5 Ǻ by hydrogen bonding and PRO 365 

2.5 Ǻ by pi-pi interactions; LYS 721 1.5 Ǻ by hydrogen 

bonding and VAL 702, ALA 719, LEU 820 by pi-pi 

interactions; ASP 813 2.8 Ǻ, ARG 817 2.1 Ǻ, THR 766 2.7 

Ǻ by hydrogen bonding and ALA 719 by pi-pi interactions; 

LYS  745 2.0 Ǻ, GLN  791 2.0 Ǻ, MET 793 1.9 Ǻ by 

hydrogen bonding and VAL 726, ALA 743 by pi-pi 

interactions; LYS 745 1.9 Ǻ, and ASP 837 2.1 Ǻ by hydrogen 

bonding; ASP 837 1.9 Ǻ, CYS 390 2.7 Ǻ by hydrogen 

bonding and PHE 723, PHE 856, ARG 841 by pi-pi 

interactions and ARG 285 2.5 Ǻ, ASN 274 2.7 Ǻ, VAL 6 2.1 

Ǻ, LYS 4 2.0 Ǻ, MET 30 2.2 Ǻ by hydrogen bonding; 

respectively (Fig. 2). 

 

Tyrosine Kinase 
      Geniposidic acid was docked with the tyrosine kinase 

receptor (PDB id: 3CS9). The ligand molecule was well-

docked against all the receptors with a good docking score. 

The binding energy of the molecule against 3CS9 was                           

(-) 7.1 kcal mol-1 with ASP 381 2.2 Ǻ, ARG 362 2.5 Ǻ, HIS 

361 2.6 Ǻ by hydrogen bonding, and PHE 359 by pi-pi 

interaction (Fig. 3). 
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 Fig. 3. Molecular docking interaction between geniposidic 

acid and receptors related to tyrosine kinase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Mitogen-Activated Protein Kinase-1 
      Here, geniposidic acid was docked with two mitogen-
activated protein kinase-1 receptors (PDB id: 3EQG and 
4LMN). The ligand molecule was well-docked against all the 
receptors with a good docking score. The binding energies                            
of the molecule against 3EQG and 4LMN were (-) 8.3 kcal 

mol-1 and (-) 8.2 kcal mol-1 with ASP 208 2.4 Ǻ by hydrogen 
bonding and GLN 153 2.6 Ǻ, SER 194 2.1 Ǻ, MET 143 2.1 
Ǻ, and LYS 97 2.6 Ǻ by hydrogen bonding; respectively           
Fig. 4). 

 
Estrogen Receptor Alpha 
      Here, geniposidic acid was docked with estrogen receptor 

alpha receptor (PDB id: 3ERT). The ligand molecule was  

well-docked against all the receptors with a good docking 

score. The binding energy of the molecule against 3ERT was  

 
Fig. 2. Molecular docking interaction between geniposidic acid and receptors related to epidermal growth factor receptor 

tyrosine kinase. 
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Fig. 5. Molecular docking interaction between geniposidic 

acid and receptors related to estrogen receptor alpha. 

 

 

(-) 5.1 kcal mol-1 with GLU 323 2.3 Ǻ by hydrogen bonding 

and ARG 394 2.0 Ǻ by van der Waal interaction (Fig. 5). 
     
Cyclic Adenosine Monophosphate-dependent 
Kinase 
      Geniposidic acid was docked with the cyclic adenosine 

monophosphate-dependent kinase receptor (PDB id: 3OVV). 

The   ligand   molecule   was   well-docked   against  all  the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 6. Molecular docking interaction between geniposidic 

acid and receptors related to cyclic adenosine 

monophosphate dependent kinase. 

 

 

receptors with a good docking score. The binding energy of 

the molecule against 3OVV was (-) 7.8 kcal mol-1 with LYS 

72 2.5 Ǻ, GLU 127 2.5 Ǻ, TYR 330 2.5 Ǻ by hydrogen 

bonding, THR 51 by van der Waal, and VAL 57 by pi-pi 

interactions (Fig. 6). 

 
Fig. 4. Molecular docking interaction between geniposidic acid and receptors related to mitogen activated protein kinase-1. 
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Peptidylprolyl Isomerase 
      Geniposidic acid was docked with the peptidylprolyl 

isomerase receptor (PDB id: 4DRH). The ligand molecule 

was well-docked against all the receptors with a good 

docking score. The binding energy of the molecule against 

4DRH was (-) 9.4 kcal mol-1 with THR 2098 2.4 Ǻ, ASP 2102 

2.1 Ǻ, SER 2035 2.5 Ǻ by hydrogen bonding, and TRP 2101, 

TYR 2105 by pi-pi interactions (Fig. 7). 

 

Progesterone Receptor 
      Geniposidic acid was docked with the progesterone 

receptor (PDB id: 4OAR). The ligand molecule was well-

docked against all the receptors with a good docking score. 

The binding energy of the molecule against 4OAR was                  

(-) 8.5 kcal mol-1 with GLN 725 2.2 Ǻ, GLU 695 2.6 Ǻ by 

hydrogen bonding, and ILE 699 by pi-pi interactions (Fig. 8). 

 

Forkhead M1 DNA 
      Geniposidic acid was docked with the forkhead M1 DNA 

receptor (PDB id: 3G73). The ligand molecule was well-

docked against all the receptors with a good docking score. 

The binding energy of the molecule against 3G73 was                                 

(-) 6.1 kcal mol-1 with ASP 261 2.3 Ǻ by hydrogen bonding 

and TRP 265 by pi-pi interactions (Fig. 9). 

 
Caspase Enzyme 
      Geniposidic acid was docked with two caspase enzyme 

receptors (PDB id: 1QTN and 2XYP). The ligand molecule 

was well-docked against all the receptors with a good 

docking score. The binding energies of the molecule                         

against 1QTN and 2XYP were (-) 5.6 kcal mol-1 and                                       

(-) 5.7 kcal mol-1 with GLU 290 2.6 Ǻ by hydrogen bonding 

and TYR 293 by pi-pi interaction and ILE 160 2.4 Ǻ by pi-pi 

interaction and GLY 125 2.4 Ǻ by van der Waal interaction; 

respectively (Fig. 10).   

 

Human Epidermal Growth Factor-2 
      Geniposidic acid was docked with the human epidermal 

growth factor-2 receptor (PDB id: 3PP0). The ligand 

molecule was well-docked against all the receptors with a 

good docking score. The binding energy of the molecule 

against 3PP0 was (-) 5.7 kcal mol-1 with SER 728 2.0 Ǻ, ARG 

849 2.8 Ǻ, GLY 729 2.4 Ǻ, ASP 845 2.8 Ǻ by hydrogen 

bonding (Fig. 11). 

 

 
Fig. 7. Molecular docking interaction between geniposidic 
acid and receptors related to peptidylprolyl isomerase. 

 
Fig. 8. Molecular docking interaction between geniposidic 

acid and receptors related to progesterone receptor.

 
Fig. 9. Molecular docking interaction between geniposidic 
acid and receptors related to forkhead M1 DNA. 
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Fig. 11. Molecular docking interaction between geniposidic 

acid and receptors related to human epidermal growth             

factor 2. 

 

 

Cyclin-Dependent Kinase 2/Cyclin A 
      Geniposidic acid was docked with cyclin-dependent 

kinase 2/cyclin A receptor (PDB id: 4FX3). The ligand 

molecule was well-docked against all the receptors with a 

good docking score. The binding energy of the molecule 

against 4FX3 was (-) 7.5 kcal mol-1 ASP 145 2.1 Ǻ, 

GLN  131 2.8 Ǻ, ASN 132 2.4 Ǻ, LEU 83 2.8 Ǻ by hydrogen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12. Molecular docking interaction between geniposidic 

acid and receptors related to cyclin-dependent kinase 2/cyclin 

A. 

 

 

bonding (Fig. 12). 

 

Hepatitis C Virus Polymerase 
      Geniposidic acid was docked with  the  hepatitis  C virus 

 
Fig. 10. Molecular docking interaction between geniposidic acid and receptors related to caspase enzyme. 
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Fig. 13. Molecular docking interaction between geniposidic 

acid and receptors related to hepatitis c virus polymerase. 

 

 

polymerase receptor (PDB id: 3HVO). The ligand molecule 

was well-docked against all the receptors with a good 

docking score. The binding energy of the molecule against 

3HVO was (-) 5.9 kcal mol-1 with ARG 422 2.6 Ǻ, MET 423 

2.5 Ǻ, LEU 474 2.7 Ǻ by hydrogen bonding (Fig. 13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vascular Endothelial Growth Factor Receptor 
      Geniposidic acid was docked with two vascular 

endothelial growth factor receptors (PDB id: 4AG8 and 

2OH4) related to VEGFR. The ligand molecule was well-

docked against all the receptors with a good docking score. 

The binding energies of the molecule against 4AG8 and 

2OH4 were (-) 9.2 kcal mol-1 and (-) 8.0 kcal mol-1 with ASP 

1046 2.3 Ǻ by hydrogen bonding and VAL 899, CYS 1045 

by pi-pi interactions, and GLU 883 2.7 Ǻ, ASP 1044 2.3 Ǻ 

by hydrogen bond and ILE 886 by pi-pi interaction, 

respectively (Fig. 14). 

     All the molecular docking interactive binding energy and 

surrounding residues of geniposidic acid with different 

cancer-related receptors were tabulated in Table 1. 
 
Molecular Dynamic Simulations of Geniposidic 
Acid Interacted with Oncogenic Targets 
      After performing molecular dynamic simulations of the 

docked conformers: root mean square deviation (RMSD), 

root mean square fluctuation (RMSF), the radius of gyration 

(Rg), solvent accessible surface area (SASA), Lennard-Jones 

short range (kJ mol-1) and coulombic-short range (kJ mol-1) 

interaction energies were determined (Table 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 14. Molecular docking interaction between geniposidic acid and receptors related to vascular endothelial growth factor 

receptor. 

811 



 

 

 

Saha et al./Phys. Chem. Res., Vol. 11, No. 4, 801-823, December 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Molecular Docking Gtudies Data on the Interaction between Geniposidic Acid and Different Oncogenic Targets 
  

SN Receptors PDB 
id. 

Binding energy 
(Kcal mol-1) 

Interactive residues with 4.0 Ǻ 

  Receptors related to Epidermal Growth Factor Receptor Tyrosine Kinase 
1 1M17 (-) 7.1 LYS 721 2.0 Ǻ, ASP 813 2.8 Ǻ, ARG 817 2.8 Ǻ by hydrogen bonding 
2 2J6M (-) 8.0 MET 793 2.4 Ǻ, ASP 855 2.0 Ǻ by hydrogen bonding 
3 3QWQ (-) 6.1 ASN 389 2.4 Ǻ, GLU 388 2.5 Ǻ by hydrogen bonding and PRO 365 2.5 Ǻ by pi-pi 

interaction 
4 4HJO (-) 9.0 LYS 721 1.5 Ǻ by hydrogen bonding and VAL 702, ALA 719, LEU 820 by pi-pi 

interactions 

5 3GOP (-) 6.2 ASP 813 2.8 Ǻ, ARG 817 2.1 Ǻ, THR 766 2.7 Ǻ by hydrogen bonding and ALA 
719 by pi-pi interactions 

6 4LQM (-) 8.2 LYS  745 2.0 Ǻ, GLN  791 2.0 Ǻ, MET 793 1.9 Ǻ by hydrogen bonding and VAL 
726, ALA 743 by pi-pi interactions 

7   4R3R (-) 6.3 LYS 745 1.9 Ǻ, and ASP 837 2.1 Ǻ by hydrogen bonding 
8  4ZJV (-) 7.5 ASP 837 1.9 Ǻ, CYS 390 2.7 Ǻ by hydrogen bonding and PHE 723, PHE 856, 

ARG 841 by pi-pi interactions 
9 5XWD (-) 5.9 ARG 285 2.5 Ǻ, ASN 274 2.7 Ǻ, VAL 6 2.1 Ǻ, LYS 4 2.0 Ǻ, MET 30 2.2 Ǻ by 

hydrogen bonding 

Receptor related to Tyrosine Kinase 
1 3CS9 (-) 7.1 ASP 381 2.2 Ǻ, ARG 362 2.5 Ǻ, HIS 361 2.6 Ǻ by hydrogen bonding and PHE 359 

by pi-pi interaction 
Receptors related to Mitogen Activated Protein Kinase-1 

1 3EQG (-) 8.3 ASP 208 2.4 Ǻ by hydrogen bonding 
2 4LMN (-) 8.2 GLN 153 2.6 Ǻ, SER 194 2.1 Ǻ, MET 143 2.1 Ǻ, and LYS 97 2.6 Ǻ by hydrogen 

bonding 

Receptor related to Estrogen Receptor Alpha 
1  3ERT (-) 5.1 GLU 323 2.3 Ǻ by hydrogen bonding and ARG 394 2.0 Ǻ by van der Waal 

interaction 
Receptor related to Cyclic Adenosine Monophosphate dependent kinase 

1 3OVV (-) 7.8 LYS 72 2.5 Ǻ, GLU 127 2.5 Ǻ, TYR 330 2.5 Ǻ by hydrogen bonding, THR 51 by 
van der Waal interaction and VAL 57 by pi-pi interaction 

Receptor related to Peptidylprolyl Isomerase 
1 4DRH (-) 9.4 THR 2098 2.4 Ǻ, ASP 2102 2.1 Ǻ, SER 2035 2.5 Ǻ by hydrogen bonding and TRP 

2101, TYR 2105 by pi-pi interactions 
Receptor related to Progesterone Receptor 

1 4OAR (-) 8.5 GLN 725 2.2 Ǻ, GLU 695 2.6 Ǻ by hydrogen bonding and ILE 699 by pi-pi 
interaction 

Receptor related to Forkhead M1 DNA 
1 3G73 (-) 6.1 ASP 261 2.3 Ǻ by hydrogen bonding and TRP 265 by pi-pi interaction 

Receptors related to Caspase Enzyme 
1 1QTN (-) 5.6 GLU 290 2.6 Ǻ by hydrogen bonding and TYR 293 by pi-pi interaction  
2 2XYP (-) 5.7 ILE 160 2.4 Ǻ by pi-pi interaction and GLY 125 2.4 Ǻ by van der Waal interaction 

Receptor related to Human Epidermal Growth Factor 2 
1 3PP0 (-) 5.7 SER 728 2.0 Ǻ, ARG 849 2.8 Ǻ, GLY 729 2.4 Ǻ, ASP 845 2.8 Ǻ by hydrogen 

bonding 

Receptor related to Cyclin-Dependent Kinase 2/Cyclin A 
1 4FX3 (-) 7.5 ASP 145 2.1 Ǻ, GLN  131 2.8 Ǻ, ASN 132 2.4 Ǻ, LEU 83 2.8 Ǻ by hydrogen 

bonding 
Receptor related to Hepatitis C Virus Polymerase 

1 3HVO (-) 5.9 ARG 422 2.6 Ǻ, MET 423 2.5 Ǻ, LEU 474 2.7 Ǻ by hydrogen bonding 
Receptors related to Vascular Endothelial Growth Factor Receptor 

1 4AG8 (-) 9.2 ASP 1046 2.3Ǻ by hydrogen bonding and VAL 899, CYS 1045 by pi-pi 
interactions 

2  2OH4 (-) 8.0 GLU 883 2.7 Ǻ, ASP 1044 2.3 Ǻ by hydrogen bonding and ILE 886 by pi-pi 
interaction  
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Table 2. Molecular Dynamics Simulation Data between Geniposidic Acid Interacted with Different Oncogenic Targets 
 

 SN Receptors 
PDB id. 

RMSD RMSF Lennard-
Jones-Short 

Range: 
Protein-
Ligand        

(kJ mol-1) 

Coulombic-
Short Range: 

Protein-
Ligand  

(kJ mol-1) 

Radius of 
gyration 

 
SASA 

(nm\S2\N) 

Receptors related to Epidermal Growth Factor Receptor Tyrosine Kinase 

1 1M17 0.2975 0.0576-0.5866 -79.4825 -101.503 2.21-2.41 452.8437 

2 2J6M 0.3011 0.0417-0.4065 -0.000130 -0.000225 1.95-1.99 324.562 
3 3QWQ 0.3063 0.0677-0.3852 -4.48317 -2.88441 3.34-3.56 127.6683 
4  4HJO 0.1382 0.0315-0.3736 -4.45317 -2.74441 2.12-2.35 85.3868 
5 3GOP 0.3016 0.0441-0.9107 -0.286121 -0.541156 2.27-2.42 331.61 
6 4LQM 0.1724 0.033- 0.2337 -0.00010650 -0.00055047 1.96-2.00 165.6271 
7   4R3R 0.2003 0.0325-0.5216 -2.53327 -0.945977 1.99-1.98 294.9133 
8  4ZJV 0.1518 0.0347-0.223 -0.00510159 -0.012342 1.88-1.93 155.0219 
9 5XWD 0.3673 0.0767-0.3812 -1.045159 -8.125642 3.47-3.52 320.5454 

Receptor related to Tyrosine Kinase 

1 3CS9 0.1329 0.0306-00.266 -138.172 -91.3755 1.86-1.90 320.6263 

Receptors related to Mitogen Activated Protein Kinase-1 

1 3EQG 0.2490 0.0345-0.3349 -0.000258 -0.000556 1.94-1.98 165.5521 
2 4LMN 0.2257 0.0424-0.4518 0.00000650 0.00002047 1.91-1.94 89.9716 

Receptor related to Estrogen Receptor Alpha 

1  3ERT 0.1546 0.0389-0.6151 -0.603027 -0.115528 1.86-1.88 140.4818 

Receptor related to Cyclic Adenosine Monophosphate dependent kinase 

1 3OVV 0.1256 0.0337-0.2068 -17.3512 -22.8906 1.98-2.01 186.738 

Receptor related to Peptidylprolyl Isomerase 

1 4DRH 0.08234 0.0322-0.1515 -1.05314 -0.891433 1.29-1.30 50.7433 

Receptor related to Progesterone Receptor 

1 4OAR 0.1614 0.0329-0.3254 -13.2273 -1.83977 1.83-1.82 134.835 

Receptor related to Forkhead M1 DNA 

1 3G73 0.1167 0.0376-0.2146 -0.33231 -0.322150 1.30-1.31 52.6484 

Receptors related to Caspase Enzyme 

1 1QTN 0.3619 0.0457-0.4709 -0.00008 -0.000103 1.72-1.66 85.32026 
2 2XYP 0.2642 0.046-0.6888 -50.2643 -45.3019 1.72-1.77 82.59736 

Receptor related to Human Epidermal Growth Factor 2 

1 3PP0 0.1521 0.0326-0.5216 -2.78376 -2.31893 1.89-1.94 156.7536 

Receptor related to Cyclin-Dependent Kinase 2/Cyclin A 

1 4FX3 0.1126 0.0318-0.3104 18.0202 -9.52566 1.97-2.00     165.5521 

Receptor related to Hepatitis C Virus Polymerase 

1 3HVO 0.1193 0.0321-0.1740 -8.63665 -4.5638 2.38-2.41  294.9133 

Receptors related to Vascular Endothelial Growth Factor Receptor 

1 4AG8 0.1193 0.0307-0.2378 -91.5383 -71.8753 1.93-1.96 163.0534 
2  2OH4 0.1751 0.0338-0.3811 -9.76441 -1.40951 1.99-2.01 165.6271 
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Data from the Geniposidic Acid DFT Calculation 
      The difference between the highest occupied molecular 

orbital (HOMO) and the lowest unoccupied molecular orbital 

(LUMO) was used to study the transfer of electrons 

participating in interaction by using frontier molecular 

orbitals. Chemical reactivity parameters such as global 

hardness (η), electronegativity (χ), chemical potential (μ), 

global softness (S), and global electrophilicity index (ω) were 

calculated. EHOMO, ELUMO, ΔE gap, IE, A, η, ω, χ, μ, S, 

σ, ionization potential (vertical) in the gas phase, total 

thermal energy, total enthalpy, Gibbs free energy values of 

geniposidic acid were -6.555 (eV), -1.027 (eV), 5.528 (eV), 

6.555, 1.027, 2.764, 2.599, 3.791, -3.791, 0.181, 0.362, 

+6.555, -1374.55053115 (Eh), -1374.54958694 (Eh) and -

1374.62774971 (Eh) respectively (Table 3).  

       
Geniposidic Acid Data Using OSIRIS-
MOLINSPIRATION 
      The in-silico bioactivity data revealed the bioactivity 

scores of geniposidic acid for GPCR ligand, Ion channel 

modulator, kinase inhibitor, nuclear receptor ligand, protease 

inhibitor, and enzyme inhibitor were 0.34, 0.32, (-) 0.02, 

0.22, 0.21 and 0.68, respectively (Table 4). cLogP, solubility, 

molecular weight, topological polar surface area, drug-

likeness, and drug score of geniposidic acid were -2.5, -0.66, 

374.0, 166.1, -2.8, 0.48, respectively, without any possible 

mutagenic, reproductive, or tumorigenic toxicity (Table 5). 

 
DISCUSSION 
 
      Molecular docking study data of geniposidic acid was 

observed with good docking interaction with 4DRH                     

(-9.4 kcal mol-1) followed by 4AG8 (- 9.2 kcal mol-1) and 

4HJO (-9.0 kcal mol-1) (Fig. 15). The 4DRH receptor, as 

previously stated, is a peptidyl-prolyl isomerase enzyme that 

is bound to its inhibitor rapamycin [69,70]. Rapamycin 

(Sirolimus) successfully inhibited tumour growth by 

inhibiting angiogenesis and significantly reducing VEGF 

formation via the mTOR pathway [71]. Pin1 (Peptidyl-prolyl 

cis-trans isomerase NIMA-interacting1), cyclophilin, and 

FK506 protein binding domain are all associated with the 

peptidylprolyl isomerase enzyme [72]. Overexpression of 

peptidylprolyl isomerase and associated factors directly 

correlate with the occurrence and progression of cancer [73].  

 

 
Table 3. DFT Calculation of Geniposidic Acid 
 

1 EHOMO 

(eV) 
-0.2409 

2 ELUMO 

(eV) 
-0.0377 

3 ΔE gap (eV) 0.2032 
4 IE 0.2409 
5 A 0.0377 
6 η 0.1016 
7 ω 0.09549 
8. χ 0.1393 
9 μ -0.1393 
10 S 4.92125 
11 σ 9.84251 
12 Ionization potential (vertical) in 

gas phase 
 

7.42234 
13 Total thermal energy 

(Eh) 
-

1374.55053115 
14 Total enthalpy 

(Eh) 
-

1374.54958694 
15 Gibbs free energy 

(Eh) 
-

1374.62774971 
 
 
Table 4. Bioactivity Score of Geniposidic Acid 
 

SN Activity type Bioactivity score 
1 GPCR ligand 0.34 
2 Ion channel modulator 0.32 
3 Kinase inhibitor -0.02 
4 Nuclear receptor ligand 0.22 

5 Protease inhibitor 0.21 
6 Enzyme inhibitor 0.68 

 
Table 5. OSIRIS Calculation of Geniposidic Acid 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

SN clogP - 2.5 ++ 
1 Solubility -0.66 ++ 
2 MW 374.0 ++ 
3 TPSA 166.1 - 
4 Drug likeness -2.8 - 
5 Drug score 0.48 + 

5 
Mutagenic 

risk 
No ++ 

6 
Tumorigenic 

risk 
No ++ 

7 
Irritant 

risk 
No ++ 

8 
Reproductive 

risk 
No ++ 

++Poistive impact; +need modification; -negative impact. 
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Fig. 15. Molecular docking binding energies interaction 

between geniposidic acid and different oncogenic targets. 

 

 

Sulfopin, juglone, and aliporivir minimized the viability of 

ovarian, pancreatic, and liver cancer cells [74]. Among other 

interactive receptors, 4AG8 belongs to VEGFR2 with its 

inhibitor axitinib [75]. As we know, axitinib decreased the 

expression of interleukin-6, tumor necrosis factor-alpha, and 

interferon-gamma [76,77], which collectively suppressed the 

growth of skin cancer, lung cancer, and advanced staged 

kidney cancer, along with metastasizing renal carcinoma 

[78]. Among the top three interactive receptors, 4HJO was 

the last one associated with EGFR tyrosine kinase bound with 

its inhibitor, erlotinib. Erlotinib is mentioned in the treatment 

of non-small lung cancer and advanced pancreatic cancer 

[79]. Also, the interactive residues of geniposidic acid upon 

interaction with 4DRH, 4AG8, and 4HJO were like the 

surrounding residues of the complexed ligands (rapamycin, 

erlotinib, and axitinib). As geniposidic acid interacted with 

the receptor and docked in place of bound ligands, it was 

obvious that geniposidic acid would show its anticancer 

activity in the same manner as rapamycin, axitinib, and 

erlotinib [80]. The MD simulation data revealed that the 

RMSD values of the docked conformers were within 

(0.08234-0.3673, which confirmed that all the complexes 

were within the range of 2.0 Å. RMSF data showed some 

major  fluctuations  around  2000  and  3000 atoms,   with  a  

 

 

maximum value of 0.4 nm. Some big fluctuations were also 

observed around 2303, 2396, and 3986 atoms directly related 

to 1QTN, 2XYP, and 3ERT docked conformers. These 

fluctuations were observed due to the low number of amino 

acids present in the proteins (1QTN: 164 amino acids, 2XYP: 

146 amino acids, and 3ERT: 261 amino acids). These RMSF 

data confirmed that all the ligand molecules interacted well 

with the receptor without disturbing the structural integrity 

(Fig. 16). 

 

 
Fig. 16. MD simulation (RMSD and RMSF) data interaction 

between geniposidic acid and different oncogenic targets. 
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      The radius of gyration data reflected the integrity of the 

protein-ligand complex. The gyration value maintained a 

steady flow for a stable structure and a fluctuation in an 

unfolded structure. A high gyration value reflected less 

stability, and a lower gyration value correlated with more 

stability of the protein structure. The Rg values of all the 

ligand-receptor complexes were within (0.0307-0.9927) nm. 

Gyration data confirmed the stability of the protein-ligand 

complex. The measurement of SASA values reflected the 

defined area of the target protein, which was a freely 

accessible area to the solvents during the simulation process. 

SASA values were found to be between (50.7433-452.8437) 

nm/S2/N. SASA data confirmed that ligand molecules did 

not have any negative effect on different foldings of the 

protein structure (Fig. 17).  

      As per both Lennard-Jones and short-range coulombic 

interaction energy data, all the protein-geniposidic 

complexes except the geniposidic acid-4LMN complex 

positively impacted on the ligand affinity towards the 

receptors [81]. 

      The chemical reactivity of a molecule directly depends 

upon its orbital energy. Inside a molecule, an electron flows 

from an electron-rich HOMO to an electron-deficient 

LUMO. As per thermodynamics, negative values of HOMO 

(-0.2409 eV) and LUMO (-0.0377 eV), as well as a lower 

energy gap (ΔE) of 0.2032, stated the stable nature of 

geniposidic acid [82]. This low energy gap value makes the 

molecule soft, which confirms that the molecule easily 

donates an electron to an acceptor molecule. Also, 

geniposidic acid was observed to have a preferable ionisation 

value (I = 0.2409), ionization potential value (7.42234), 

chemical hardness value (η = 0.1016), and a global 

electrophilicity index (ω = 0.09549), which confirmed that 

geniposidic acid was stable and reactive [83]. Among other 

important parameters, the chemical potential (μ = -0.1393) 

value was also an important parameter to measure the 

stability of the compound. Frontier molecular orbital theory 

suggests that the biological activity of a molecule depends 

upon its HOMO and LUMO energy. As per the DFT 

calculation image, the HOMO orbital of geniposidic acid 

mainly delocalized on the total aglycone part, and in the case 

of the LUMO orbital image, the total electron cloud focused 

on the C-O-C=C-COOH group of the aglycone part (Fig. 18).  

These data confirmed that the  aglycone part of  geniposidic 

 

 

 

 
Fig. 17. MD simulation (Rg and SASA) data interaction 

between geniposidic acid and different oncogenic targets. 

 

 

acid effectively participated in biological interactions. As we 

know, if the bioactivity score was more than 0.00, then the 

molecule became active; if the bioactivity score was between 

-0.50 to 0.00, then the molecule became moderately active, 

and finally, if the score was less than -0.50, then the molecule 

became inactive [84]. The outcomes revealed that 

geniposidic acid may show its activity prominently by 

inhibiting an enzyme followed by interacting with GPCR and 
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Fig. 18. HOMO and LUMO maps of geniposidic acid from 

DFT/B3LYP/6-311G+(d,p) calculation.  

 

 

nuclear receptor ligands, modulating the ion channels [85]. 

Theoretical toxicity risk assessment of geniposidic acid 

revealed that the molecule did not show any toxicity and the 

drug score (0.48) confirmed that little modification in the 

structure produces a more effective molecule. 

 
CONCLUSION 
 
      In molecular docking studies between geniposidic acid 

and various oncogenic targets, it was discovered that 

geniposidic acid docked well with 4DRH, 4AG8, and 4HJO. 

The interactive residues of geniposidic acid upon interaction 

with 4DRH, 4AG8, and 4HJO were like the surrounding 

residues of the complexed ligands (rapamycin, axitinib, and 

erlotinib). Molecular docking studies suggest that 

geniposidic acid shows anticancer activity by interacting with  

 

 

peptidylprolyl isomerase, VEGFR2, and EGFR tyrosine 

kinase. The MD simulation data suggested that all the docked 

complexes interacted well within the receptor active site 

without disturbing the structural integrity. The DFT 

calculation of geniposidic acid revealed that the aglycone 

part of the structure participated in the receptor interaction 

and other electronic parameters also supported the same. In 

the same way, OSIRIS-MOLINSPIRATION data showcased 

the positive factors of the molecule. This information 

collectively confirms that if we pharmacologically establish 

the molecule, then it will be a boon for mankind to treat 

cancer.  

 
LIST OF ABBREVIATIONS 
 

      MAPK: Mitogen-Activated Protein Kinase; EGFR/HER: 

Human Epidermal Growth Factor Receptor; VEGFR: 

Vascular Endothelial Growth Factor Receptor; ErbB: Erythro 

Blastosis Oncogene B; TKIs: Tyrosine Kinase Inhibitors; 

EC: Enzyme Commission; MEK1: Mitogen-Activated 

protein Kinase1; ECD: Extra Cellular Domain; IGC50: 50% 

Inhibition Growth Concentration; LC50: Lethal 

Concentration 50%; LD50: Lethal Dose 50%; RMSD: 

Relative Mean Standard Deviation; LYS: Lysine; VAL: 

Valine; GLU: Glutamic acid; PHE: Phenylalanine; CYS: 

Cysteine; ASP: Aspartic acid; MET: Methionine; LEU: 

Leucine; GLN: Glutamine; GLY: Glycine; ASN: 

Asparagine; SER: Serine; THR: Threonine; ARG: Arginine. 

PI3K/AKT: PhosphatidyInositol-3-Kinase/ Protein kinase B; 

cAMP: Cyclic Adenosine Mono Phosphate; ERK: 

Extracellular signal-regulated Kinase; JNK/p38MAPK: c-

Jun N-terminal kinase/Mitogen-Activated Protein Kinase; 

CDK: Cyclin Dependent kinase; HCV: Hepatitis C Virus; 

HCC: Hepato Cellular Carcinoma; PDGF: Platelet-Derived 

Growth Factor. 
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