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ABSTRACT
Objectives: Earlier findings revealed the importance of different natural compounds and 
synthetic drugs in the treatment of cancer by targeting Phosphoinositide 3-Kinase (PI3K). In the 
direction to discover novel PI3K inhibitors, the present study includes the generation of fragment 
derivatives. Natural compounds and FDA-approved synthetic drugs were selected for screening 
against PI3K by using different computational methodologies. Materials and Methods: The top 
ranked compounds dehydroglyasperin D, honokiol and quercetin were taken for generation of 
derivatives and 30 (out of 300) derivatives were screened with less than 2 synthetic accessibility 
scores. The ADME property predictions were also performed. Results: The top ranked derivatives 
of honokiol (15_Hono-1) and dehydroglyasperin D (40_Dehydro-2) showed the best binding 
interactions, with docking scores of -10.09 and -8.61 Kcal/mol, respectively. Further, the PASS 
prediction coefficient with tumor cell lines and non-tumor cell lines showed the importance 
of derivatives action against tumor. The pharmacophore modeling determined the important 
interactive sites with receptors and MMGBSA method was used for rescoring of docking poses. 
Based on the results, honokiol and dehydroglyasperin D derivatives may become efficient lead 
compounds as PI3K inhibitors against cancer. Conclusion: The study is based on the screening 
of potent compounds as PI3K inhibitors. The screened compound showed similar binding 
interactions as reference ligand. The screened compounds have drug-likeness properties. The 
study may be beneficial for researchers in the development of natural compounds as PI3K 
inhibitors for the treatment of cancer.

Keywords: Cancer, Dehydroglyasperin D, Honokiol, Molecular docking, Phosphoinositide 
3-kinase, PI3K inhibitor.

INTRODUCTION

Cancer remains a major concern worldwide after available of 
different medicines and novel therapies. Cancer is associated 
with mutation in genes those are involved in normal growth of 
cells. The treatment of cancer is limited to early stages with the 
improvement of novel therapies, but metastasized stage cannot 
be treatable easily. Most of the treatments are expensive and 
related to severe adverse effects which may be uncomfortable for 
humans.1,2 Target therapy becomes an interesting approach for 
the treatment of cancer which requires specific target based on 
types of cancer.3,4 The targeted therapy showed lesser side effects 
with cost effective techniques. Earlier report showed that different 
synthetic drugs are used in the treatment of cancer. Furthermore, 
phytocompounds also used to prevent and cure cancer with 
lesser side effects.5 Different intracellular pathways are involved 

in the regulation of cell proliferation and apoptosis. PI3K/AKT/
mTOR signaling is important pathway involved in cancer cell 
development.6 Various inhibitors have been developed to target 
PI3K signaling in which few are under clinical trial studies. There 
are various PI3k isoforms as class I (PI3K-α, β, δ and γ), class II 
(PI3KC2-α, β, γ) class III (Vps34) that have role in tumor biology. 
They are also important to choose proper target for the treatment 
of specific cancer.7 The present study describes the role of different 
natural compounds on inhibition of PI3K signaling pathway.8 
The PI3K shows important role in cell cycle progression, repair of 
DNA, motility, angiogenesis and cellular metabolism.9 The PI3K 
pathway is the most active and selective for cancer treatment 
among other targeted kinases.10,11 The activation of PI3Ks changes 
phosphatidylinositol (3,4)-bisphosphate to phosphatidylinositol 
(3,4,5)-triphosphate.12,13 Second messengers responsible for 
transfer of signal from cell surface to cytoplasm and phosphorylate 
other substrate to make proliferation, survival and normal 
growth of cell. It also connects to other pathways that control 
cell proliferation and growth, such as MAPK. Angiogenesis and 
carcinogenesis are linked to mutations in the PI3Ks pathway.14 
Depletion of PTEN's regulatory action, amplification of PI3Ks 
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and mutations in the receptor tyrosine kinase are all causes that 
contribute to the pathway's aberration.

Drug repurposing becomes a novel strategy in the drug 
discovery process that is known as therapeutic switching or 
drug repositioning. In this strategy we can search novel drug 
candidates with new pharmacological activities on the basis 
of already available FDA approved drug molecules. The drug 
discovery process taking a long period with high manpower 
and cost including risk association can be overcome by drug 
repositioning with high success of drug development.15 Thus, 
PI3k becomes an interesting target for treatment of cancer. Several 
naturally abundant phytocompounds such as dehydroglyasperin 
D, honokiol, quercetin, 6- and 10-gingerol, apigenin, 
di-indolylmethane, curcumin, thymoquinone, resveratrol, 
emodin, cryptotanshinone, indole 3-carbinol andrographolide, 
evodiamine, fisetin, tocotrienol and wogonine showed their 
potential against PI3K.16 Further, our idea moved in the direction 
to discover fragment or small molecule derivatives of these 
compounds as target of PI3K. Furthermore, several synthetic 
drugs are also available against PI3K such as apitolisib, idelalisib, 
pictilisib, duvelisib, copanlisib, dactolisib, buparlisib, gedatolisib, 
alpelisib and taselisib.17 These synthetic drugs are approved 
for targeting PI3K.18 In the present study molecular docking 
studies were performed in correlation with some other studies 
on natural compounds and synthetic drugs against PI3K. Best 
derivatives or small molecules of these phytocompounds were 
screened by comparing with synthetic drugs. ADME properties 
determine the drug likeness properties of small molecules or 
fragment compounds of best docking score natural compounds. 
The pharmacophore models, CLC-Pred and MMGBSA based 
methods further used for the identification of potential natural 
compounds as PI3K inhibitor.

MATERIALS AND METHODS

Finding of ligands

The natural compounds have been selected on the basis of online 
data search and total 18 compounds were found with PI3K 
inhibitory activity. These compounds possessed PI3K inhibitory 
activity but not published for correlation between their inhibitory 
activities. Furthermore, 12 synthetic drugs have been selected 
randomly having PI3K inhibitory activity and also selected as 
reference drug in the following study. These molecules are also 
included in online database of PubChem (https://pubchem.n 
cbi.nlm.nih.gov/).19 The details of the study presented by flow 
chart depicted in Figure 1. These compounds prepared by ligprep 
module for energy minimization and conformation generation. 
The prepared compounds further used for ADME calculation 
and docking studies.

ADMET prediction of phytocompounds
The drug development strategy includes small molecule 
as important properties of drug likeliness for producing 
pharmacological effects. In vivo study for majority of drugs is 
time taken and costly processes that can be minimise by in silico 
studies. In the present study, Schrodinger ADME and pkCSM 
tools (a graph modeling-based tool) have been used for calculating 
ADME properties. SMILEs format has been used for calculating 
these properties through pkCSM tool (Supplementary materials 
S1, S2 and S3).20

Docking studies of phytocompounds and synthetic 
drugs against PI3K
In the present work Glide module of Schrodinger software was 
used as a tool to perform docking study. The binding interactions 
with target protein depicted in term of binding scores where 
specific conformer of ligand with lowest energy bind with 
receptor.21-28 Pubchem databse used for ligand procurement 
and converted into mol2 format by using software known as 
OpenBabel 2.2.3.29 The protein structure of PI3K (PDB id 3L13) 
with good resolution was taken in PDB format from protein 
data bank (RCSB-PDB). The grid size was defined as x, y and 
z coordinates having size 21.86 for x, 63.45 for y and 20.82 for 
z. The residue includes SER806, ALA805, MET804, LYS802, 
THR887, ALA885, TRP812, VAL882, ILE881, GLU880, ILE879, 
ASP841, LEU838, ASP836, LYS833, ILE831, MET953, PHE961, 
ILE963, ASP964 AND PHE965. The pH was adjusted to 7+/-2. 
Theme of the study includes to figure out how natural compounds 
and synthetic drugs interact with the target protein. The 
different docking scores make a comparison between different 
phytocompound against PI3K. These phytocompounds further 
comprised with synthetic reference drugs for evaluation of their 
binding interactions (supplementary materials S4 and S5).

Generation of best docked phytocompounds 
derivatives
The three-top ranked phytocompounds (dehydroglyasperin 
D, honokiol and quercetin) were used for the generation of 
derivative compounds by using Ligdream tool (https://www.pl 
aymolecule.org/LigDream/) based on deep Neural Networking 
(DNNs). This tool generates different derivative molecules in 
excel format having smiles of each compound. DNNs generally 
used for retrosynthesis in chemical synthesis of compounds.30 
This process further proceeds in the laboratory for the synthesis 
of target fragments.

ADME properties prediction of small molecule 
derivatives
SwissADME (http://www.swissadme.ch/) and Schrodinger 
ADME tool were used for calculating the properties of 
derivatives of each phytocompound. The selected 3 top ranked 
phytocompounds screened 100 derivatives from each which 
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further taken in SwissADME for calculating ADME properties. 
The smile format of phytocompounds (100 from each category) 
has been used for determination of ADME properties through 
SwissADME online tool (http://www.swissadme.ch/). This 
tool generates drug likeliness properties, cytochrome p450 
inhibitory activity and other pharmacokinetic properties. Based 
on these properties (score of synthetic accessibility and the 
drug-like behaviour), further 300 derivatives of small molecules 
screened that showed drug like properties and used for docking 
purpose (Lipinski/ Ghose/ Veber/ Egan/ Muegge).31,32 Finally, 
22 derivatives were selected from 300 compounds having best 
properties (supplementary material S3).

Molecular Docking studies of derivatives

Further, docking study was performed on selected derivative 
compounds using Schrodinger software. The docking scores 
and binding free energy (∆G) were calculated for each molecule 
using same methodologies as described for phytocompounds and 
reference drugs (supplementary material S6).

MMGBSA

The prime MMGBSA method exhibited the relative binding-free 
energy (ΔG bind) of each ligand molecule. Binding-free energy, 
Δ𝐺𝑏𝑖𝑛𝑑, of a molecular system was calculated as follows.33

ΔG(bind)=ΔG(solv)+ΔE(MM)+ΔG(SA)

Where, ΔGsolv represents the energy difference between 
inhibitor complex with receptor and unliganded receptor. ΔEMM 
represents the minimized energy difference between inhibitor and 
sum of the energy of unliganded receptor. ΔGSA represents the 
difference in surface area energies. Prime MM-GBSA calculates 
the energy of optimized free receptors, free ligand and a complex 
of the ligand with a receptor.

Cytotoxicity prediction

Cytotoxicity prediction determines the effect of compounds on 
different cell lines by in silico studies. An online tool Cell Line 
Cytotoxicity Predictor (CLC-Pred) has been used for the study. 
Prediction of Activity Spectra for Substances (PASS) used for the 
building of cell line virtually. The structural properties responsible 
for prediction of cytotoxicity on different cell lines. Both in 
vivo experiments and in silico prediction results look similar to 
maximum value.34 To predict the cytotoxic effects a website htt 
p://www.way2drug.com/Cell-line/ was utilized. CLC-Pred tool 
assume that any compound should be taken for experimental 
study or not. Here ‘Pa’ designate to activity and ‘Pi’ assumes for 
inactivity. The parameter Pa > Pi action probability should be 
higher than inactivity probability.

Development of Pharmacophore

Development of pharmacophore was performed by Zinc 
Pharmer Pharmacophore tool (zincpharmer.csb.pitt.edu). The 

key properties required for the activity with PDB ID: 3L13 are 
determined by a pharmacophore study. It can be generated by 
ligand or structure-based methods.32,35 The ligand-based method 
has been used in the present study for the development of 
pharmacophore where two potent compounds were chosen from 
the study. In the present study, four chemical features were selected 
to generate the pharmacophore model including hydrogen bond 
Acceptor (A), hydrogen bond Donor (D), Hydrophobic (H) and 
aromatic Ring (R) with the different ligands. These structures were 
taken from the derivatives of phytocompound dehydroglyasperin 
D and honokiol.

RESULTS

Drug candidates are measured with different parameters 
such as safety and efficacy before FDA approval. The ADME 
property is a best way to find out these parameters though in 
silico methods. The different parameters of ADME properties 
of the phytocompounds and synthetic drugs are described in 
Table 1. The water solubility at 25ºC of different molecules was 
also determined. The phytocompounds dehydroglyasperin D, 
honokiol and quercetin showed good solubility and intestinal 
absorption as compared with synthetic drugs (Table 1).

Docking interactions of phytocompounds and 
reference drugs

Molecular docking study for synthetic reference drugs 
such as apitolisib, idelalisib, pictilisib, duvelisib, copanlisib, 
dactolisib, buparlisib, gedatolisib, alpelisib, taselisib and 
selected natural compounds: dehydroglyasperin D, honokiol, 
quercetin, 10-gingerol, apigenin, di-indolylmethane, curcumin, 
thymoquinone, resveratrol, 6-gingerol, emodin, cryptotanshinone, 
indole 3-carbinol andrographolide, evodiamine, fisetin, 
tocotrienol and wogonin, described the interactions with target 
protein PI3K. The identification of interactions involved in 
docking studies of synthetic pharmaceuticals drugs and natural 
compounds with the target protein PI3K revealed that the most 
phytocompounds have good docking scores comparable to 
reference drugs. However, among all compounds and reference 
drugs, dehydroglyasperin D and honokiol and quercetin showed 
the best docking scores (Table 2). Compounds having low 
binding energy confirmed as good docking score and can be 
taken for further process. Thus, dehydroglyasperin D, honokiol 
and quercetin were chosen for further study because their 
binding energies were -10.428 kcal/mol, -9.982 kcal/mol and 
-10.803 kcal/mol, respectively (Figure 2A and B). Quercetin 
involved various amino acids for binding interactions in docking 
study includes TYR867, LYS833, ASP964, VAL882, GLU880, 
while 10-gingerol showed interactions with ASP950, TYR867 
and VAL882 of PI3K (Figure 2B). Synthetic drug apitolisib with 
binding energy -9.366 Kcal/mol was picked as a reference. Figures 
2 A and B show docked ligand molecules with the receptor PI3K, 
having essential amino acid interactions required for activity. 
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Dehydroglyasperin D and honokiol bind with the involvement 
of the polar and non-polar amino acid residues such as TYR867, 
VAL882, GLU880 and LYS833 of PI3K. The apitolisib binding 
involved ALA885, VAL882, ASP964 and ASP841 amino acids. 
Whereas idelalisib showed binding interactions with VAL882, 
THR887 and ASP836 (Figure 3A). Synthetic drugs pictilisib 
and duvelisib showed binding interactions with amino acids 
ASP836, VAL882, THR887 of PI3K (Figure 3B). Our result is 
comparable and slightly higher than the previous report.19 Table 

3 depicts dehydroglyasperin D, honokiol and quercetin with 
their docking scores having comparable interactions with amino 
acids as shown by synthetic drug apitolisib and consequently 
these three natural compounds were further used to generate 
small molecule fragment derivatives. Also, dehydroglyasperin D 
(-10.428 Kcal/mol) and honokiol (-9.982 Kcal/mol) were found 
to be most potent compounds as compared to other chosen 
compounds. Crystal Structures of Pan-PI3-Kinase showed the 
similar interactions as shown by the potent ligands.

Sl. 
No.

Phytocompounds WS
(log mol/L)

IA
(% Absorbed)

VDss
(log L/kg)

TC
(log ml/min/
kg)

AT
(Yes/No)

MD
(log mg/kg/day)

1 Dehydroglyasperin D -4.628 95.182 -0.077 0.564 No 0.524
2 Honokiol -3.364 93.921 0.355 0.428 No 0.48
3 Quercetin -3.058 80.414 0.221 0.546 No 0.885
4 10-Gingerol -2.821 93.591 0.017 1.479 No 0.025
5 Apigenin -3.038 92.37 -0.183 0.615 No 0.045
6 Di-indolylmethane 3.953 97.399 0.412 0.513 Yes 0.275
7 Curcumin -3.716 88.823 0.134 0.206 No 0.175
8 Thymoquinone -1.695 97.797 0.019 0.225 NO 0.743
9 Resveratrol -2.99 89.422 0.073 0.187 YES -0.171
10 6-gingerol 3.244 92.876 0.044 1.51 NO 0.355
11 Emodin -2.622 74.579 0.302 0.194 YES 0.231
12 Cryptotanshinone -4.252 99.09 0.336 0.847 NO 0.356
13 Indole 3-carbinol -1.628 90.647 0.052 0.54 NO 0.43
14 Andrographolide -3.051 94.845 -0.487 1.175 NO -0.212
15 Evodiamine -4.259 94.741 94.741 0.297 YES -0.231
16 Fisetin -2.987 86.711 0.332 0.227 YES 0.779
17 Tocotrienol -7.99 90.348 0.905 0.976 No 0.628
18 Wogonin -3.136 98.281 0.036 0.41 No -0.212
Sl. 
No.

Synthetic drugs WS
(log mol/L)

IA
(% Absorbed)

VDss (log L/
kg)

TC
(log mL/min/
kg)

AT
(Yes/No)

MD
(log mg/kg/day)

1 Apitolisib -3.124 70.808 0.295 0.702 NO -0.335
2 Idelalisib -2.896 -2.896 -0.081 0.59 Yes 0.418
3 Pictilisib -3.204 86.172 86.172 0.617 No 0.131
4 Duvelisib -2.892 94.044 -0.026 0.64 Yes 0.452
5 Copanlisib -3.227 78.789 0.471 0.709 No 0.112
6 Dactolisib -2.896 93.004 -0.375 0.784 YES 0.373
7 Buparlisib -5.056 96.147 -0.691 0.101 No -0.454
8 Gedatolisib -3.895 84.169 0.784 0.338 NO -0.178
9 Alpelisib -4.571 86.234 -0.461 0.033 No 0.027
10 Taselisib -2.898 84.123 -0.503 0.507 No 0.215

WS: Water solubility; IA: Intestinal absorption; VDss: Volume of distribution (human), TC: Total clearance; AT: AMES Toxicity; MD: Maximum Dosage (human).

Table 1:  Parameters of ADMET properties of phytocompounds and synthetic drugs. 
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Screening of derivatives of phytocompounds

Ligdream tool was used for the generation of hundreds of 
small molecule derivatives of dehydroglyasperin D, honokiol 
and quercetin (https://www.playmolecule.org/LigDream/). 
Compounds were chosen on the basis of drug likeness properties 
and having synthetic accessibility score of 1-2. Each natural 
compound yielded seven derivative compounds as a result of 
this screening procedure. From 300 derivatives derived from 
these three natural compounds, total 22 were screened based 
on their docking scores. All 22 derivatives thus obtained were 
again docked with the target PI3K. Table 4 shows the best top 
derivatives screened based on ADME profile from 100 derivatives 
generated from each natural compound (supplementary material 
S3). Based on the docking scores generated, the top compounds 
screened from the three phytocompounds were redocked with 
the target PI3K to validate the docking results.

DISCUSSION

In the present study, natural compounds and synthetic drugs 
against PI3K were screened. Best derivatives or small molecules 
of these phytocompounds were screened by comparing with 
synthetic drugs. These natural compounds and synthetic drugs 
showed potential interaction with PI3K. The dehydroglyasperin D, 
honokiol, di-indolylmethane, cryptotanshinone, thymoquinone 

and wogonin were showed good intestinal absorption compared 
to synthetic drug. The steady states Volume of Distribution (VDss) 
of the natural compounds (Table 1) were comparable to those of 
the synthetic drugs. Furthermore, all of the natural compounds 
showed negative results for AMES toxicity, indicating that they 
are safe to use in further research. There are four different types 
of PI3K (α, β, γ, δ). All four Class I PI3K isoforms are highly 
homologous within the active site and residues which involved at 
the active site includes Asp841, Tyr867 and Asp836 essential for 
anticancer activity. The present study describes the compounds 
having similar binding interaction required for PI3K inhibitory 
activity.

Molecular docking studies of PI3K with dehydroglyasperin D 
(Molecule 40_dehydro-2) and honokiol (Molecule 15_hono-1) 
derivatives showed binding scores of -8.61 Kcal/mol and -10.09 
Kcal/mol, respectively (Table 4). The study showed that the 
Molecule 15_hono-1 made 3 H-bonds (polar) with the PI3K 
by amino acids residues ASP964, ASP841, ASP836 and the 
Molecule 40_dehydro-2 made 2 H-bonds (polar) with PI3K by 
amino acids residues GLU880, VAL882 (Table 5). Table  showed 
parent molecule dehydroglyasperin D made 4 H-bonds (polar) 
with PI3K by amino acid residues TYR867, VAL882, GLU880, 
LYS833. Whereas honokiol made 2 H-bonds (polar) with PI3K 
by amino acid residues GLU880, TYR867. Thus, Molecule 
15_hono-1 and Molecule 40_dehydro-2 derivatives showed good 

Phytochemical compounds Synthetic drugs

DS (XP) (Kcal/
mol)

DS (SP) (Kcal/
mol)

DS (XP) (Kcal/
mol)

DS (SP) (Kcal/
mol)

Dehydroglyasperin D -10.428 -5.931 Apitolisib -9.366 -9.05
Honokiol -9.982 -7.111 Idelalisib -8.261 -8.298
Quercetin -10.803 -6.018 Pictilisib -7.58 -8.088
10-gingerol -8.596 -3.152 Duvelisib -7.119 -7.894
Apigenin -9.698 -6.185 Copanlisib -7.082 -7.456
Di-indolylmethane -7.921 -5.926 Dactolisib -7.001 -6.58
Curcumin -9.122 -5.46 Buparlisib -5.974 -6.497
Thymoquinone -7.568 -6.776 Gedatolisib -5.19 -5.52
Resveratrol -7.524 -7.844 Alpelisib -5.139 -5.466
6-Gingerol -7.151 -4.059 Taselisib -4.335 -4.181
Emodin -8.295 -5.004
Cryptotanshinone -5.892 -7.262
Indole 3-carbinol -5.34 -7.166
Andrographolide -4.852 -3.44
Evodiamine -4.474 -4.462
Fisetin -6.653 -5.47
Tocotrienol -4.015 -4.599
Wogonin -2.722 -5.351

DS: Docking score.

Table 2:  Comparison of binding energies by SP and XP methodologies of synthetic drugs and phytocompounds.
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binding interactions with the receptor PI3K comparable to parent 
dehydroglyasperin D and honokiol (Figure 4A). It described that 
these two molecules showed best docking scores and required 
interaction essential for PI3K inhibitory activity. Further, 
upon comparative analysis the ligand receptor interactions of 
the derivatives and parent molecule with PI3K revealed 2 to 4 
H-bonds (polar) of derivatives in the catalytic region of PI3K, 
while only 2 to 3 H-bonds (polar) were engaged in the interaction 
between parent molecule and PI3K.

Molecule 15_hono-1 and Molecule 40_dehydro-2 fragment 
derivatives were selected for the prediction of biological 
spectrum by PASS. Out of a maximum probability score of 1, it 
determines the chance of activity and inactivity for tumor and 
non-tumor cells. In this, the significant anti-carcinogenic activity 
was displayed by both Molecule 15_hono-1 and 40_dehydro-2 
derivatives against Melanoma with active coefficient of 0.435 and 
0.253, respectively (Table 6). On the other hand, these compounds 
inhibited the proliferation of major carcinoma cell lines, including 
skin, lung, ovary, breast, brain, blood, pancreas, haematopoietic 
and lymphoid tissue and colon. These findings suggested a high 
potential of anti-carcinogenic activity. The activity of the fragment 
derivatives also sustained the proliferation of embryonic lung 
fibroblast, foreskin fibroblast and renal proximal tubule epithelial 
cells, as indicated in Table 7. This investigation confirms the 

potential role of Molecule 15_hono-1 and 40_dehydro-2 against 
tumour generation and inflammation.

Pharmacophore modelling describes the important sites of a 
drug involved in binding with PI3K. In this study, Molecule 
15_hono-1 and 40_dehydro-2 derivative ligands showed different 
pharmacophore sites for having drug likeliness properties. 
The 15 hono-1 derivative pharmacophore model revealed 
pharmacophore sites with one hydrogen bond acceptor, one donor 
and 1 hydrophobic interaction, which is a key characteristic in 
drug likeliness properties. Furthermore, Molecule 40_dehydro-2 
derivative displayed three hydrogen bond acceptors, two donors 
and three hydrophobic interactions (Figure 4B). MMGBSA 
redock methods further used for identification of potential 

Phytocompounds ΔG binding 
energy (Kcal/
mol)

Interactive amino 
acid residues

Dehydroglyasperin 
D

-43.46 TYR867, VAL882, 
GLU880, LYS833.

Honokiol -40.57 GLU880, TYR867.
Quercetin -50.54 TYR867, ASP964, 

GLU880, LYS833, 
VAL882.

Table 3:  Interactive sites and binding energy with different amino acids 
of PI3K.

Figure 1:  Graphical representation of techniques used in computational study.

Figure 2:  Binding interactions of phytocompounds: (A) dehydroglyasperin 2D with 3D and honokiol 2D with 3D 
against PI3K; (B) quercetin 2D with 3D and 10-gingerol 2D with 3D against PI3K.
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Sl. 
No.

Derivative

molecule

DS MW QlogPo/w PSA PHOA QPPCaco QPPMDCK QPlogBB QPlogKp QPlogKhsa

1 15_Hono-1 -10.09 251.33 3.04 35.70 94.47 600.33 315.28 -0.04 -3.14 0.19
2 40_Dehydro-2 -8.61 350.78 3.06 85.21 94.11 564.41 966.35 -0.81 -2.77 0.07
3 63_Que-1 -7.42 295.30 1.91 114.7 62.43 22.73 10.53 -1.67 -4.28 -0.23
4 48_Que-1 -7.25 311.26 3.43 64.62 100.00 1184.51 2743.60 -0.28 -2.21 0.21
5 57_Hono-1 -7.09 286.32 4.21 37.93 100.00 1645.62 1979.44 -0.34 -1.83 0.52
6 49_Hono-1 -6.89 212.25 2.29 55.58 92.88 860.60 420.61 -0.64 -2.55 0.00
7 64_Que-1 -6.91 285.28 2.04 86.44 82.67 280.22 215.88 -1.02 -3.38 -0.03
8 7_Que-1 -6.84 302.28 3.22 67.72 100.00 1142.84 1663.19 -0.36 -2.10 0.18
9 46_Dehy-1 -6.38 348.32 3.64 62.36 100.00 1749.91 4421.62 -0.09 -2.05 0.23
10 7_Que-2 -6.67 302.28 3.16 67.09 100.00 1068.04 1542.51 -0.38 -2.18 0.17
11 64_Que-2 -7.06 285.28 2.02 85.20 83.26 306.94 239.63 -0.97 -3.31 -0.04
12 3_Dehy-1 -5.80 351.74 4.49 48.97 100.00 3595.83 10000.00 0.11 -0.94 0.36
13 6_Que-1 -5.33 318.30 4.36 48.43 100.00 2342.94 6414.26 0.12 -1.79 0.57
14 32_Hono-1 -5.18 219.33 3.71 18.89 100.00 6965.49 4031.63 0.13 -1.00 0.32
15 65_Hono-1 -4.93 313.79 4.25 50.04 100.00 2972.31 3947.67 0.01 -1.18 0.49
16 40_Dehydro-1 -4.98 350.78 3.14 83.98 95.74 653.83 1162.27 -0.75 -2.60 0.10
17 47_Dehy-1 -4.36 348.32 3.66 64.75 100.00 1402.55 3682.74 -0.18 -2.26 0.26
18 42_Dehy-1 -4.36 355.39 2.62 94.19 90.71 507.34 237.58 -1.07 -2.76 0.00
19 63_Que-2 -6.78 295.30 1.71 114.5 61.30 23.01 10.67 -1.64 -4.28 -0.31
20 96_Que-1 -3.87 288.25 2.44 72.92 90.57 569.25 804.80 -0.62 -2.90 -0.01
21 32_Hono-2 -4.69 219.33 3.95 18.58 100.00 6633.67 3824.45 0.10 -1.00 0.42
22 96_Que-2 -4.52 288.25 2.47 72.29 91.84 656.66 942.99 -0.55 -2.76 -0.02

Table 4:  ADME properties of derivatives of dehydroglyasperin D, honokiol and quercetin.

Figure 3:  Binding interactions of synthetic compounds: (A) apitolisib 2D with 3D and idelalisib 2D with 3D against PI3K; (B) pictilisib 2D with 
3D and duvelisib 2D with 3D against PI3K.

Derivative compounds MMGBSA (ΔG binding 
energy) (Kcal/mol)

Interactive amino acid 
residues

Molecule 15_hono-1 -30.59 ASP964, ASP841, ASP836.
Molecule 40_dehydro-2 -40.97 GLU880, VAL882.

Table 5:  Interactive sites and binding energy with different amino acid of PI3k - Molecule 
15_hono-1 and Molecule 40_dehydro-2.
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Derivative Pa* Pi* Cell line Cell line name full Tissue
Molecule 
15_hono-1

0.435 0.037 A2058 Melanoma Skin
0.422 0.031 PC-9 Lung adenocarcinoma Lung
0.368 0.037 PA-1 Ovarian carcinoma Ovarium
0.345 0.013 5637 Urothelial bladder carcinoma Urinary tract
0.40 0.097 MDA-MB-453 Breast adenocarcinoma Breast
0.333 0.053 T98G Glioblastoma Brain
0.276 0.043 NCI-H69 Small cell lung carcinoma Lung
0.263 0.089 NCI-H1299 Non-small cell lung carcinoma Lung
0.177 0.014 CEM/C2 Camptothecin-resistant CEM Blood
0.18 0.033 BXPC-3 Pancreatic adenocarcinoma Pancreas
0.183 0.038 U-937 Histiocytic lymphoma Haematopoietic and 

lymphoid tissue.
0.269 0.127 HT-29 Colon adenocarcinoma Colon
0.182 0.05 Ramos Burkitts lymhoma B-cells Blood
0.318 0.196 Hs 683 Oligodendroglioma Brain
0.238 0.126 LS174T Colon adencocarcinoma Colon

Molecule 
40_dehydro-2

0.295 0.062 CCRF-CEM Childhood T-cell acute lymphoblastic 
leukemia

Blood

0.24 0.071 COLO 205 Colon adenocarcinoma Colon
0.196 0.056 Jurkat Acute leukemic T-cells Blood
0.26 0.132 HuP-T3 Pancreatic adenocarcinoma Pancreas
0.28 0.168 SJSA-1 Osteosarcoma Bone
0.199 0.145 HCC 2998 Colon adenocarcinoma Colon
0.16 0.106 SAOS-2 Osteosarcoma Bone
0.072 0.038 SK-HEP1 Hepatocellular carcinoma Liver
0.097 0.076 THP-1 Acute monocytic leukemia Blood
0.108 0.089 BT-474 Breast ductal carcinoma Breast
0.063 0.046 SW1353 Bone chondrosarcoma Bone
0.126 0.11 A-375 Malignant melanoma Skin
0.253 0.238 A2058 Melanoma Skin
0.183 0.169 MDA-MB-468 Breast adenocarcinoma Breast
0.071 0.062 Ishikawa Endometrial adenocarcinoma Uterus
0.07 0.065 TSU Prostatic carcinoma Prostate

Table 6:  Cytotoxicity prediction on tumor cell lines by phytocompound derivatives showed best binding interaction.

natural compound as PI3K inhibitor. The Molecule 15_hono-1 
showed ΔG binding energy -30.59 kcal/mol, whereas Molecule 
40_dehydro-2 showed -40.97 kcal/mol. These compounds 
showed good binding energy for the interaction with receptor. 
The MMGBSA scores of both compounds further compared with 
standard drug. The standard drug showed ΔG binding energy 
-32.93 kcal/mol which was comparable with the ΔG binding 
energies of Molecule 15_hono-1 and Molecule 40_dehydro-2.

ADME properties determine the potential of drug to produce its 
biological effects by introducing in the body with an appropriate 
concentration. Molecule 15_hono-1 and 40_dehydro-2 both 

showed good gut-blood barrier permeability (QPPCaco) with the 
value 600.33 and 564.41 nm s-1 (standard value greater than 500 
best), respectively. Blood brain partition coefficient (QPlogBB) 
values were also observed good for both molecules with -0.04 and 
-0.81 (standard range -3.0 to -1.2), consecutively. While mimic 
for the blood brain barrier via MDCK cells (QPPMDCK) showed 
values 315.28 and 966.35, respectively for both the molecules 
(standard range of greater than 500 for best compounds). 
However, skin permeability (QPlogKp) values were observed 
for both the molecules as -3.14 and -2.77 respectively, within the 
range of standard values. Both the molecules showed prediction 
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of binding to human serum albumin (QPlogKhsa) with the value 
of 0.19 and 0.07, respectively (Table 4). Human Oral Absorption 
value was found good for all compounds. ADME properties 
were found within the range and supported that the compounds 
can be used for further developments. ADME properties of the 
synthetic drug given in supplementary material S7 which was 
used as standard for the data shown by screened derivatives. The 
screened compounds were within the limit with the given value 
and can be used for the generation of future PI3K inhibitors.

CONCLUSION

Even in today's world of advanced science and breakthrough 
treatment, cancer continues to be one of the leading causes 
of mortality worldwide. Phytochemicals have been used for 
decades to prevent and treat a variety of illnesses and recent data 
suggests the role of phytochemicals in effective cancer treatment. 
3D target protein frameworks have played a major role in the 
design and development of novel or alternative drugs in this 
area. The top ranked derivatives of honokiol (15_Hono-1) and 
dehydroglyasperin D (40_Dehydro-2) showed the best binding 
interactions. Further, the PASS prediction coefficient with tumor 
cell lines and non-tumor cell lines showed the importance of 
derivatives action against tumor. The pharmacophore modeling 
determined the important interactive sites with receptors and 
MMGBSA method was used for rescoring of docking poses. 
Based on earlier investigations and the findings presented here, 
it is proposed that honokiol and dehydroglyasperin D derivatives 
are efficient lead compounds for combatting PI3K against cancer. 
However, honokiol (15_Hono-1) revealed as the most potent 

PI3K inhibitor. The presented in silico method might be used to 
discover the possible applications of a variety of additional natural 
compounds as well as available FDA approved pharmaceuticals 
against PI3K.
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ABBREVIATIONS

PI3K: Phosphoinositide 3-kinase; MAPK: Mitogen-activated 
protein kinase; PTEN: Phosphatase and tensin homolog on 
chromosome 10; FDA: U.S. Food and Drug Administration; 
ADME: Absorption, distribution, metabolism, excretion; 
MMGBSA: Molecular mechanics with generalised Born and 
surface area solvation; PDB: Protein data bank; SER806: Serine; 
ALA805: Alanine; MET804: Methionine; LYS802: Lysine; 
THR887: Threonine; TRP812: Tryptophan; VAL882: Valine; 
ILE881: Isoleucine; GLU880: Glutamic acid; ASP841: Aspartic 
acid; LEU838: Leucine; PHE961: Phenylalanine; TYR867: 

Derivative Pa* Pi* Cell line Cell line name Tissue
Molecule 15_hono-1 0.188 0.012 IMR-90 Embryonic lung fibroblast Lung

0.203 0.106 BJ Foreskin fibroblast Foreskin
0.043 0.011 RPTEC Renal proximal tubule epithelial cells Kidney

Molecule 40_dehy ro-2 0.113 0.067 HUVEC Umbilical vein endothelial cell Endothelium
0.099 0.087 WI-38 Embryonic lung fibroblast Lung
0.153 0.146 HEK293 Embryonic kidney fibroblast Kidney

Table 7:  PASS prediction coefficient with non-tumor cell lines by phytocompound derivatives showed best binding interaction.

Figure 4:  (A) Binding interactions of derivative compounds Molecule 15_hono_2D with 3D and Molecule 
40_dehydro_2D with 3D; (B) Pharmacophore model of Molecule 15_hono and Molecule 40_dehydro.
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Tyrosine; DNNs: Deep Neural Networking; CLC-Pred: Cell 
line cytotoxicity predictor; DS: Docking score; MW: Molecular 
weight; QlogPo/w: Poctanol/water partition coefficient; PHOA: 
Predicted percent human oral absorption; QPPCaco: Predicted 
Caco-2 cell permeability; QPPMDCK: Predicted apparent 
MDCK cell permeability; QPlogBB: Predicted brain/blood 
partition coefficient; QPlogKp: Predicted skin permeability; 
QPlogKhsa: Prediction of human serum albumin binding; 
15_Hono-1: Honokiol; 40_Dehydro-2: Dehydroglyasperin D.

SUMMARY

The treatment of cancer is limited to early stages with the 
improvement of novel therapies, but metastasized stage cannot be 
treatable easily. Various inhibitors have been developed to target 
PI3K signaling in which few are under clinical trial studies. The 
present study describes the role of different natural compounds 
and their small molecule derivatives on inhibition of PI3K 
signaling pathway. The PI3K shows important role in cell cycle 
progression, repair of DNA, motility, angiogenesis and cellular 
metabolism. The PI3K pathway is the most active and selective 
for cancer treatment among other targeted kinases. Recent data 
suggests the role of phytochemicals in effective cancer treatment. 
The anticancer potential of some natural constituents and their 
small molecule derivatives were investigated in this work. The top 
ranked compounds dehydroglyasperin D, honokiol and quercetin 
were taken for generation of derivatives where 30 (out of 300) 
derivatives were screened with less than 2 synthetic accessibility 
scores and good ADME properties. Based on earlier investigations 
and the findings presented here, it is proposed that honokiol and 
dehydroglyasperin D derivatives are efficient lead compounds for 
combatting PI3K against cancer. The honokiol (15_Hono-1) and 
dehydroglyasperin D (40_Dehydro-2) derivatives both came up 
with significant binding affinity. However, honokiol (15_Hono-1) 
revealed as the most potent PI3K inhibitor.
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