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Abstract
Prostate cancer is the second most fatal malignancy in men after lung cancer, and the fifth leading cause of death. Piperine 
has been utilized for its therapeutic effects since the time of Ayurveda. According to traditional Chinese medicine, piperine 
has a wide variety of pharmacological effects, including anti-inflammatory, anti-cancer, and immune-regulating properties. 
Based on the previous study, Akt1 (protein kinase B) is one of the targets of piperine, it belongs to the group of oncogenes 
and the mechanism of the Akt1 is an interesting approach for anticancer drug design. From the peer-reviewed literature, five 
piperine analogs were identified altogether, and a combinatorial collection was formed. However, may not be entirely clear 
how piperine analogs work to prevent prostate cancer. In the present study, serine-threonine kinase domain Akt1 receptor 
was employed to analyze the efficacy of piperine analogs against standards using in silico methodologies. Additionally, their 
drug-likeness was evaluated utilizing online servers like Molinspiration and preADMET. Using AutoDock Vina, the interac-
tions of five piperine analogs and two standards with Akt1 receptor was investigated. Our study reveals that piperine analog-2 
(pip2) shows highest binding affinity (− 6.0 kcal/mol) by forming 6 hydrogen bonds with more hydrophobic interactions 
compared to other four analogs and standards. In conclusion, the piperine analog pip2, which shows strong inhibition affect 
in Akt1-cancer pathway, may be employed as chemotherapeutic drugs.

 * Nayana Prakash 
 nayanabiotech26@gmail.com

1 Department of PG Studies and Research in Biotechnology, 
Kuvempu University, Shivamogga, Karnataka 577451, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s40203-023-00145-5&domain=pdf


 In Silico Pharmacology            (2023) 11:7 

1 3

    7  Page 2 of 14

Graphical abstract

Keywords Piperine · Akt1 · preADMET · pip2 · In silico methods · AutoDock Vina

Abbreviations
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ADMET  Absorption, Distribution, Metabolism, Excre-

tion, and Toxicity
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Introduction

Prostate cancer is the second most fatal malignancy in men 
after lung cancer and the fifth leading cause of death. The 
primary cause of cancer in males is prostate cancer (PCa), 
which is brought on by the uncontrolled proliferation of 
abnormal cells in the prostate gland (Cai Jian et al. 2022). 
As per a World Health Organization estimate, there will be 
10.0 million cancer-related fatalities in 2020. Around 70% 

of fatalities in low- and middle-income nations are thought 
to be caused by cancer (Mathers 2020; Sung et al. 2021). 
PCa is a complex and varied disease that can be classified 
as either aggressive or non-aggressive cancer (Nguyen et al. 
2016). The typical age of diagnosis for males with PCa is 
66, and approximately 6 in 10 receive therapy beyond the 
age of 65 (Siegel et al. 2020). There is a huge demand for 
innovative anticancer medications with minimal side effects, 
and spices are a promising source and may be utilized to 
treat chemotherapeutics (Atanasov et al. 2015). Researchers 
have discovered encouraging findings in this field, and new 
research is being carried out to find novel drugs (Krzyszczyk 
et al. 2018).

Piperine (1-[5-[1,3-benzodioxol-5-yl]-1-oxo-2,4-pen-
tadienyl]) also known as Black pepper (Piper nigrum), 
of the cinnamamides group is the source of piperidine, a 
nitrogenous natural plant alkaloid (Salehi et al. 2019). The 
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anti-microbial, anti-fungal, antioxidant, anti-apoptotic, anti-
depressant, anti-oxidant, and anti-inflammatory effects of 
this substance are significant physiological and phytocon-
stituents ones. Piperine has a methylenedioxyphenyl (MDP) 
ring, a side chain containing conjugated double bonds, and 
a piperidine moiety attached to a side chain by a carbonyl 
amide linkage (Kumar et al. 2017; Li et al. 2007; Shrivastava 
et al. 2013; Hammad et al. 2017). Among the several specific 
ligands under investigation, we concentrated on piperine in 
the current work due to its superior pharmacokinetics and 
five Piperine analogs that demonstrated stronger binding 
affinity, and it was thought to be the most promising drug. 
Based on the literature, focusing on the Piperine core scaf-
fold, we chose 5 Piperine analogs. Except for pip1, all of the 
piperine analogs employed in this study had two benzene 
rings in their structure, as well as alkynes, amino, sulfona-
mide, hydroxyl, nitro, and methyl groups (Zarai et al. 2013; 
Mittal et al. 2000; Yu et al. 2021).

Literature studies, however, point to the critical role that 
aberrant Akt activation plays in improving survival and 
preventing apoptosis in a number of cancer model systems 
(Cheung et al. 2013). Likewise, several experimental and 
clinical investigations on PCa have found a clear correlation 
between elevated Akt activity and the development of malig-
nant phenotypes (Bedolla et al. 2007; Makhov et al. 2012). 
In addition, it is understood that the Akt family consists of 
three members, Akt1, Akt2, and Akt3, each of which pos-
sesses a highly conserved serine-threonine kinase domain. 
One of these, Akt1, is thought to be crucial in controlling 
the signaling pathway that drives the growth of malignant 
tumors, including PCa (Zinda et al. 2001; Pandya et al. 
2021), the same has been proved in our previous study also 
(Prakash et al. 2022). The effect of Akt1 action on piperine 
analogs and the prostate cancer target therapy is discussed 
in this paper utilizing an in silico technique.

Drug development requires much time, money, and 
involves multidisciplinary research. Thus, in silico investi-
gations have been included to the process of assessing a drug 
candidate in order to save time and expenses. Nowadays, 
effective methods for studying the crucial variables needed 
to assess a compound’s chemical and physical qualities are 
known as in silico methods (Sattarinezhad et al. 2015). As 
these factors affect pharmacokinetic characteristics, the pri-
mary goal of the investigations is to prevent irrational expen-
ditures related to compound biological tests. In this study, 
the structural and physicochemical parameters are compared 
with a vast number of experimental findings. Using these 
characteristics, in silico computer-assisted screenings may 
be carried out (Brito et al. 2011). The ligand-macromole-
cule interactions involving structurally particular medicines 
are the focus of the pharmacodynamic investigation. The 
pharmacodynamic properties of the ligand molecules are 
extremely useful in determining the biological efficacy of 

piperine analogs against prostate cancer. Virtual screening 
was used to carry out a molecular docking strategy in search 
of the best piperine analogue against the standard and serine-
threonine kinase domain Akt1 protein. All piperine analogs 
were examined for effective protein–ligand interactions with 
the Akt1 receptor and compared to commonly prescribed 
medications of PCa. This aids in the subsequent research of 
potential lead compounds that result in powerful new PCa 
inhibitors that may prevent PCa.

In ligand-based pharmacophore modeling, 3D molecules 
of two or more ligands are aligned on aspects of the train-
ing molecules common pharmacophore. It is necessary to 
acknowledge that each of the pharmacophore shared chem-
ical characteristics is crucial (Prabhavathi et al. 2021). A 
pharmacophore model is checked for compounds that map 
to it and meet its criteria as well as being highly likely to 
be active during experimental testing. In the current work, 
pharmacophore modeling is used to uncover powerful drug 
that act as PCa inhibitor.

This research purpose is to identify possible hits for pip-
erine analogs against serine-threonine kinase domain of 
Akt1 protein while also carry out the necessary in silico 
pharmacokinetic and pharmacological analysis.

Methods

Preparation of ligands

Piperine analogs chemical structures were obtained from 
peer-reviewed literature. The chemical structures of Piperine 
analogs were drawn by using ACD/chemSketch (Freeware) 
(https:// www. acdla bs. com/ resou rces/ free- chemi stry- softw 
are- apps/) and the PDB file of ligand were generated using 
OpenBabel software (O’Boyle et al. 2011). The SPDBV soft-
ware was used to do energy reduction, and Auto Dock Vina 
was used to convert PDB files of inhibitor-containing piper-
ine analogs into PDBQT files for further analysis. In order 
to analyze the binding relationship between the selected 
piperine analogs and the PCa target, the FDA-approved and 
clinically used PCa inhibitors Flutamide (standard 1) and 
cabazitaxel (standard 2) was used (https:// www. cancer. gov/ 
about- cancer/ treat ment/ drugs/ prost ate).

Preparation of receptor

From the RCSB PDB, the atomic coordinates of the Akt1 
kinase domain were obtained (https:// www. rcsb. org/ pdb/). 
For the docking investigation, the co-crystallized structure 
of Akt1 (PDB ID: 2UZS, resolution: 2.46Å) was acquired. 
In order to prepare the structure for docking analysis, co-
crystallized heteroatoms and water molecules were taken 
out using SPDBV software, and then polar hydrogen and 

https://www.acdlabs.com/resources/free-chemistry-software-apps/
https://www.acdlabs.com/resources/free-chemistry-software-apps/
https://www.cancer.gov/about-cancer/treatment/drugs/prostate
https://www.cancer.gov/about-cancer/treatment/drugs/prostate
https://www.rcsb.org/pdb/
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Gasteiger charges were added using Auto Dock Vina. Then, 
structures were saved as PDBQT files for extensive analysis.

Pharmacokinetic phase

Lipinski’s Rule of Five and PreADMET (Absorption, Distri-
bution, Metabolism, Excretion, and Toxicity) features were 
used to predict the drug-likeness of the compounds. The 
pharmacokinetics of medicine is determined by the molecu-
lar characteristics of a specific drug, which are primarily 
defined by Rule of Five (Lipinski 2004).

Drug‑likeness prediction

According to the chemical and structural characteristics of 
the drug molecule, drug-likeness determines if the studied 
molecule is similar to a known drug. The key pharmacoph-
ore aspects that influence a molecules behavior in terms of 
bioavailability, transportation, toxicity, reactivity, and other 
properties on living organisms include hydrophobicity, 
hydrogen bonding, electron distribution, and molecular size. 
Utilizing the cheminformatics service Molinspiration, the 
chemical characteristics and biological activity of piperine 
analogs were assessed in the current investigation (https:// 
www. molin spira tion. com/). The server includes a broad 
range of tools for processing and manipulating molecules, 
such as tautomer synthesis, molecule fragmentation, nor-
malisation of molecules, computation of different chemical 
characteristics used in QSAR studies, and fragment-based 
virtual screening. The server estimates the bioactivity score 
for the most significant therapeutic targets, such as GPCR 
ligand, kinase inhibitors, ion channel modulators, enzymes, 
and nuclear receptors, based on the Lipinski Rule of Five 
(Venkatesh et al. 2017).

ADMET prediction

PreADMET is a web-based tool for predicting ADMET 
(absorption, distribution, metabolism, excretion, and toxic-
ity) (https:// pread met. webse rvice. bmdrc. org/) of piperine 
analogs processing excellent binding affinity with receptor 
protein based on lowest binding energy. Since the charac-
teristics of the molecules have a significant influence in the 
pre-clinical and clinical phases, the ADMET is the most 
crucial metric in drug discovery research and is taken into 
account when creating the medicine. The human intestinal 
absorption (HIA) of pharmaceuticals may be predicted using 
the  Caco2 cell (human colon adenocarcinoma) and MDCK 
(Madin-Darby canine kidney) cell models. Blood brain bar-
rier (BBB) and plasma protein binding (PPB) are important 
factors in the drug distribution phase. Based on the value of 
BBB penetration, PreADMET forecasts the proportion of 
drug bound in plasma protein to simulate in vitro data on 

humans and anticipate in vivo data. Drug effectiveness and 
distribution are influenced directly or indirectly by how well 
a drug interacts with target molecules when it is unbound. 
The activity of a drug is dependent on how it interacts with 
plasma proteins. Based on the findings of the Ames test, 
PreADMET predicts the level of toxicity, and the value of 
the prediction results is either “positive” or “negative” Pre-
ADMET, based on the National Toxicology Program and 
containing the findings of the in vivo carcinogenicity tests 
performed on mice and rats over a two-year period, was 
finally used to hypothesize carcinogenicity (Yamashita et al. 
2000; Singh et al. 2016).

Computer‑aided drug design of piperine analogs 
for the treatment of prostate cancer

Pharmacodynamic phase

The pharmacodynamic phase of a structurally specific drug 
is focused on drug-macromolecule interactions. In other 
aspects, it involves altering one drug by the use of another 
drug and additional circumstances. For the most part, a 
ligand-receptor complex is created when ligand interacts 
with a receptor during pharmacodynamics research. The 
drugs interaction with a receptor determines how it behaves 
when it is present at the site of action.

Molecular docking studies

Using the AutoDock Vina platform, the binding mechanism 
and interaction of Akt1 with piperine analogs were studied 
(Trott et al. 2010). This programme needs a grid box that has 
already been generated. It uses XYZ coordinates to serve as 
the frontier for active pocket amino acids in the receptor. By 
utilizing the PDBsum server (http:// www. ebi. ac. uk/ thorn ton- 
srv/ datab ases/ pdbsum/) to compare the Akt1 (PDB ID: 2UZS) 
with other Akt1 crystallographic structures that are available 
in the PDB, the active pocket amino acid residues was discov-
ered. PDBsum predicts the exact ligand for unbound struc-
tures and also allows for quick examination of binding sites 
that are comparable across the structures with various global 
folds as well as related folds. Using the Autogrid tool, the grid 
optimization was completed, and the grid box was centered 
to encompass all of the identified active pocket amino acid 
residues (Arg86, Lys14, Asn53, Arg25, Arg23, Lys17, Tyr18, 
Ile19, and Gly16). The grid box size was set at 20, 20 and 22 
and on mass center 15.371, 6.581 and 15.557 for x, y and z 
co-ordinates respectively, with space separated by 1.0 Å (grid-
point spacing). Exhaustiveness 10 was used for the molecular 
docking to get more realistic value. Ten alternative forms of 
confirmations were created with their corresponding bind-
ing affinities, once docking was completed using AutoDock 
software. Results with the lowest binding energy or highest 

https://www.molinspiration.com/
https://www.molinspiration.com/
https://preadmet.webservice.bmdrc.org/
http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
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binding affinity were taken into consideration for additional 
post-docking investigations. LigPlot v.1.4.5 was used to build 
two-dimensional docking for the investigation of hydrogen 
bond and hydrophobic interactions after the docked complex 
of Akt1 protein and piperine analogs with excellent binding 
affinity was shown in PyMOL viewer.

Pharmacophore study

To determine the optimum interactions with a particular 
molecular target and to activate or inhibit its biological activ-
ities, a pharmacophore model is a collection of electronic 
and electrostatic interactions structure. A pharmacophore 
model was created utilizing the PharmaGist web platform 
to build the new leads for biological activity against pros-
tate cancer. The pharmacophore model, which consists of a 
collection of 3D features required for the bioactive ligand, 

was developed using a minimum of three pharmacophoric 
attributes (Ashtekar et al. 2019).

Result and discussion

The development of new drugs is justified by the identifica-
tion of creative and powerful inhibitors derived from pip-
erine analogs that prevent PCa. The five piperine analogs 
are filtered using the Lipinski rule, physicochemical con-
cepts, molecular characteristics, and drug-likeness. Based on 
absorption in the human body and physicochemical param-
eters, suitable compounds with membrane permeability were 
chosen; their chemical structures are shown in Fig. 1 with 
their complete information, including LogP value, given in 
Table 1. For in silico experiments, the current assessment of 
five known piperine analogs is taken into account. Using the 

Fig. 1  Chemical structure of Piperine analog molecules a–e 

Table 1  ChemSpider ID, IUPAC name, and LogP value of the Piperine analogs and standards

Symbol ChemSpider ID IUPAC name of the compound LogP

Pip1 190,885 [(4-chlorophenyl)amino][(propan-2-ylideneamino)oxy]methanone 2.67 ± 0.58
Pip2 65,724 N-{2-[(phenylsulfonyl)amino]ethyl}benzenesulfonamide 2.04 ± 0.45
Pip3 – 2-[(E)-{[4-(1-hydroxyethyl)phenyl]imino}methyl]cyclohexan-1-one 1.20 ± 0.56
Pip4 – 4-[2-(2-hydroxy-4,5-dimethylphenyl)hydrazinyl]benzaldehyde 3.42 ± 0.39
Pip5 387,590 2,2’-(1,2-Ethanediyldiimino)diphenol 2.05 ± 0.27
Standard 1 3280 2-Methyl-N-[4-nitro-3-(trifluoromethyl)phenyl]propanamide 3.72 ± 0.40
Standard 2 8,029,779 [(1S,2S,3R,4S,7R,9S,10S,12R,15S)-4-acetyloxy-1-hydroxy-15-[(2R,3S)-2-

hydroxy-3-[(2-methylpropan-2yl)oxycarbonylamino]-3-phenylpropanoyl]
oxy-9,12-dimethoxy-10,14,17,17-tetramethyl-11-oxo-6-oxatetracy-
clo[11.3.1.03,10.04,7]heptadec-13-en-2-yl] benzoate

7.56 ± 0.74
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previously specified filtering criteria, so finally one analog 
were discovered that might be employed to treat prostate 
cancer.

Drug‑likeness properties

In Table 2, the characteristics of five piperine analogs 
compared with standards that are retrieved through the 
Molinspiration server are given. The fact that every mol-
ecule has a molecular weight within the permissible range 
(MW ≤ 500) and every molecule has embraced Lipins-
ki’s rule of five is significant, since it directly affects the 
identification of drugs that affect the target function. The 
range of Lipinski’s limit is less than 10 and 5 respectively, 
since the number of hydrogen bond donors (OH and NH 

atoms) and acceptors (O and N atoms) in piperine analogs 
was 0 to 7 and 0 to 5 respectively. In the phase of drug 
distribution, the hydrophobicity and lipophilicity of the 
molecule are assessed using the MLogP value (octago-
nal/water partition co efficient) (Clark 1999). All of the 
piperine analogs MLogP values fell within the permitted 
range (Lipinski’s rule of five) as shown in Fig. 2. The 
Topological Polar Surface Area (TPSA), which is based 
on the sum of all polar atoms such oxygen, nitrogen, and 
bonded hydrogen, is another significant physicochemical 
parameter utilised to forecast drug distribution character-
istics. Intestinal absorption, hydrogen bonding potential, 
bioavailability, blood brain barrier penetration (BBB), 
and Caco-2 cell permeability are all well-represented by 
TPSA. The quantity of rotatable bonds (≤ 10) and TPSA 

Table 2  Physicochemical 
properties of piperine analogs 
and standards

Compound MW miLogP TPSA (Å) nON nOHNH nrotb natoms Volume

Pip1 226.66 2.98 50.70 4 1 3 15 194.33
Pip2 340.43 1.70 92.34 6 2 7 22 276.72
Pip3 259.35 2.84 49.66 3 1 3 19 257.45
Pip4 256.31 3.58 61.35 4 3 4 19 240.38
Pip5 244.29 2.74 64.51 4 4 5 18 229.90
Standard 1 276.21 3.02 74.92 5 1 4 19 220.011
Standard 2 835.94 5.48 202.4 15 3 15 60 758.90

Fig. 2  Plots of percentage performance of piperine analogs and FDA prostate cancer drugs for oral bioavailability parameters according to Ro5, 
A Molecular weight (MW), B Partition coefficient (Log P), C Hydrogen bond acceptor (HBA), D Hydrogen bond donor (HBD)
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score (140) suggest high bioavailability. All piperine ana-
logs were discovered to have less than 10 rotatable bonds. 
The value of TPSA of all piperine analogs discovered to 
be in the range of 0.00–140 plainly exhibiting strong oral 
bioavailability shows that rotatable polar atomic bonds 
improve the flexibility of molecules for more adaptive 
and efficient interaction with the enzyme active site.

The piperine analogs were tested for their biological 
activity against GPCR ligands, kinase inhibitors, nuclear 
receptor ligands, Ion channel modulators, protease inhibi-
tor, and enzyme inhibitory action (Table 3). The current 
work shows that piperine analogs are physiologically 
active and have physiological effects when combined 
with enzymes such as nuclear receptor ligands, protease 
inhibitors, GPCR ligands, and others. The bioactivity 
score for pip2 and pip5 molecules was determined to 
be 0.50 and Pip1, pip4, and pip3 was ≤ 0.50 for GPCR 
ligand, Ion channel modulator, Kinase inhibitor, nuclear 
receptor ligand, protease inhibitor, and enzyme inhibitor. 
Together, the findings demonstrate that pip2 and pip5 
piperine analogs have considerable physicochemical fea-
tures that are consistent with higher biological activity 
as shown in Fig. 3.

Pharmacokinetics and toxicity

Using preADMET tool, the pharmacokinetic characteris-
tics of five piperine analogs with higher binding energies 
were further assessed. Physicochemical characteristics that 
impact drug molecule absorption and bioavailability, such 
as lipophilicity (clogP), polar surface area, molecular weight 
(MW), and water solubility (logS), were previously assessed 
using Molinspiration server. A crucial factor in determin-
ing a molecule’s oral availability is lipophilicity (logP). The 
piperine analogs TPSA (Topological Polar Surface Area) is 
determined to be 140, suggesting that they have a good bio-
availability (Veber et al. 2002).

Piperine analogs are more flexible than standard flutamide 
due to the presence of additional rotatable bonds, and they 
show high binding potential in docking studies. The piper-
ine counterparts have a hydrogen bond acceptor and donor 
count that falls within the optimal ranges of 0–6 and 0–4, 
respectively. All five piperine analogs and known inhibitors 
have HIA (human intestinal absorption) values between 85 
and 100%. This suggests that the digestive system can effec-
tively absorb all piperine equivalents. Additionally, average 
permeability to  Caco2 cell (4–70) and MDCK cell model 

Table 3  Biological activity of piperine analogs and standards

Compound GPCR ligand Ion channel 
modulator

Kinase inhibitor Nuclear receptor 
ligand

Protease inhibitor Enzyme inhibitor

Pip1 − 0.29 − 0.12 − 0.71 − 0.74 − 0.83 − 0.10
Pip2 0.00 − 0.27 − 0.16 − 0.31 − 0.12 − 0.01
Pip3 − 0.36 − 0.21 − 0.84 − 0.18 − 0.51 − 0.05
Pip4 − 0.46 − 0.55 − 0.33 − 0.56 − 0.81 − 0.30
Pip5 − 0.18 − 0.20 − 0.10 − 0.30 − 0.34 − 0.03
Standard 1 − 0.50 − 0.36 − 0.54 − 0.30 − 0.46 − 0.40
Standard 2 − 2.20 − 3.09 − 3.28 − 2.75 − 1.45 − 2.48

Fig. 3  Bioactivities of piperine 
analogs and standards are 
calculated using Molinspiration 
tool. Note: GPCR ligand–pro-
tein coupled receptor ligand; 
Ion channel modulator; nuclear 
receptor legend; Kinase inhibi-
tor; Protease inhibitor; Enzyme 
inhibitor. If the bioactivity 
scores is (≥ 0.00) considered 
biological active, if the bioactiv-
ity scores (− 0.50 to 0.0) it is 
moderately active and finally if 
the bioactivity scores (< − 0.50) 
it is inactive
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Table 4  ADMET properties of piperine analogs and standards against Akt1 receptor

Compoud ADMET Toxicity

HIA (%) PPB (%) BBB (%) Caco2 Skin Permeability Ames test MDCK(nm/sec) Rodent Carcinogenicity

Carcino Mouse Carcino
Rat

Pip1 95.090 65.143 0.130 22.743 − 2.231 Mutagen 197.36 Positive Negative
Pip2 95.920 88.311 0.340 1.471 − 1.635 Non-mutagen 4.054 Negative Negative
Pip3 95.330 82.175 0.172 24.618 − 2.806 Mutagen 34.558 Negative Positive
Pip4 88.843 83. 093 1.748 19.771 − 3.685 Mutagen 6.645 Positive Positive
Pip5 85.754 81.241 2.440 6.873 − 3.71 Mutagen 277.09 Negative Negative
Standard 1 89.516 85.603 0.921 3.854 − 2.063 Mutagen 46.775 Positive Negative
Standard 2 92.19 82.401 0.236 23.023 − 1.467 Non-mutagen 0.0434 Positive Negative

is demonstrated using piperine analogs (predicted value in 
the range 4–70). With the exception of pip1, the PPB bind-
ing evaluation of piperine analogs in the distribution phase 
showed considerable binding energy with plasma proteins 
(predicted value ≥ 80%). The most of the time, weak plasma 
protein binding substances can readily traverse cell mem-
branes and interact with targets. The pip1, pip2, and pip3 
exhibited minimal absorption in the CNS (predicted value 
less than 0.4), whereas pip4 and pip5 showed intermediate 
absorption, according to BBB penetration (predicted value 
between 2.0 and 1.0). As opposed to pip1, pip2, and pip3, 
standards have strong CNS absorption whereas piperine 
analogs have less adverse effects. As indicated in Table 4, 
the pip2 molecule exhibited the lowest skin-permeability 
when compared to the standard, which is another key risk 
assessment feature of the compounds after accidental contact 
with the skin. The effects of piperine analogs on cancer and 
mutagenesis were assessed during the toxicology phase. The 
Ames test is an easy way to determine, if five piperine ana-
logs are mutagenic, with pip1, pip3, pip4, and pip5 showing 
that they are mutagens and pip2 showing that they are not. 
Finally, the drug-likeness and ADMET values of the chosen 
piperine analogs pip1, pip2, pip3, pip4, and pip5 suggest that 
they have the potential to function as effective inhibitors of 
the Akt1 receptor. Pip2 is a more effective inhibitor of the 
Akt1 receptor in piperine analogs.

Molecular docking studies

All five piperine analogs were docked alongside the stand-
ards flutamide and cabazitaxel against the kinase domain of 
Akt1, and the active site of Akt1 domain of PDB 2UZS as 
shown in Fig. 4. The ligand was categorised and contrasted 
with recognised inhibitors according to binding affinity, 
hydrogen bonding and hydrophobic interactions. The results 
show that the binding affinities of pip2, pip3, and pip4 give 
acceptable antagonists with the discovered standards and 
docking affinities as above as − 5.4 kcal/mol.

The four piperine analogs, with exception of pip1and 
pip5, theoretically have good binding affinity in compari-
son to the standard drug flutamide and cabazitaxel. The 
active pocket amino acid residues Arg86, Lys14, Asn53, 
Lys17, Tyr18, Ile19, Leu52, and Asn54 of 2UZS form 
hydrogen bonds with the piperine analogs pip1, pip2, 
pip3, pip4, and pip5, and the bond lengths range from 
2.81 to 3.34. Hydrogen bond and affinity of piperine ana-
logs and standards against Akt1 receptor and are tabulated 
in Table 5, and their 2D and 3D structures are shown 
in Fig. 5 [(A), (B), (C), (D), (E), (F), (G)]. In piperine 
analog, pip2 shows higher binding affinity by forming 
6 hydrogen bonds with more hydrophobic interactions 
compared to other four analogs and two standards.

Pharmacophore model

There is a collection of pharmacophore with characteristics 
(1 aromatic, 1donar, 2 acceptors) but not all of the input 
compounds could include all of the features since they come 
from distinct structural components. So, we employed mod-
els created from various combinations of the input molecules 
structure. The chosen models, along with the best score val-
ues, features, and molecules implicated, are given in Table 6. 
The cumulative total of the matching key pharmacophore 
points produced the best score in a pairwise match. Phar-
maGist looks as many critical selected features for various 
input compounds that are connected by significant pairwise 
alignments as it possible. The model 1 was built using 3 
chemicals; pip2, standard1 and standard2, however it took 
into account pip2 and standard1 for the best pairwise score. 
The model 1 has a score of 7.523 and 4 features, as shown 
in Fig. 6. The model 2 was built using 3 chemicals; pip2, 
standard1 and standard2, however it took into account pip2 
and standard2 for the best pairwise score, and the model 2 
has a score of 6.021 and 3 features, as shown in Fig. 7. Due 
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to their comparable pharmacophore properties, the screened 
molecule can function as PCa inhibitor.

Conclusion

pip1, pip2, pip3, pip4, and pip5 are five piperine analogs 
that have shown potential as Akt1 inhibitors in the current 

Fig. 4  Active site of Akt1 
domain of PDB: 2UZS. A 
LigPlot and docked crystal 
structure of Akt1 with pip1. 
B LigPlot and docked crystal 
structure of Akt1 with pip2. 
C. LigPlot and docked crystal 
structure of Akt1 with pip3. 
D. LigPlot and docked crystal 
structure of Akt1 with pip4. 
E. LigPlot and docked crystal 
structure of Akt1 with pip5. 
F. LigPlot and docked crystal 
structure of Akt1 with standard 
1. G. LigPlot and docked crystal 
structure of Akt1 with standard 
2

Table 5  Molecular docking analysis of piperine analogs and standards against Akt1 receptor

Ligands Affinity 
(Kcal/mol)

H bonds H bond 
length(Å)

H bond with Hydrophobic interactions

Pip1 − 5.2 1 2.91 2UZS:Arg86::PIP1:O2 Phe55,Asn53, Arg23, Lys14, Lys17, Gly16, Tyr18
Pip2 -6.0 6 3.11

2.88
2.81
3.18
3.08
2.91

2UZS:Lys14::PIP2:O1
2UZS:Lys14::PIP2:O1
2UZS:Arg86::PIP2:O2
2UZS:Arg86::PIP2:O3
2UZS:Arg86::PIP2:O3
2UZS:Asn54::PIP2:O4

Phe55, Ile84, Leu52, Lys17, Gly16, Tyr18, Arg23, Asn53

Pip3 − 5.6 4 3.34
3.32
3.23
2.89

2UZS:Arg86::PIP3:N
2UZS:Lys14::PIP3:N
2UZS:Tyr18::PIP3:O2
2UZS:Lys17::PIP3:O2

Gly16, Asn53, Ile84, Phe55

Pip4 − 5.7 3 3.07
2.88
2.80

2UZS:Lys14::PIP4:O1
2UZS:Asn53::PIP4:N2
2UZS:Asn53::PIP4:N2

Arg23, Lys17, Arg86, Ile84 Asn54, Phe55

Pip5 − 5.4 4 3.35
3.19
2.90
2.74

2UZS:Asn53::PIP5:N1
2UZS:Lys14::PIP5:O2
2UZS:Lys14::PIP5:N1
2UZS:Leu52::PIP5:O1

Phe55, Asn54, Arg86, Arg25

Standard 1 − 5.4 3 2.89
2.96
2.98

2UZS:Thr87::STD1:O3
2UZS:Arg15::STD1:O3
2UZS:Thr87::STD1:F3

Arg86, Lys17, Lys20, Glu85

Standard 2 − 5.2 3 3.11
3.07
2.96

2UZS:Lys14::STD2:O4
2UZS:Lys14::STD2:O5
2UZS:Arg86::STD2:O4

Asn54, Phe55, Val83, Ile84, Lys17,Leu52, Arg23, Asn53, Gln79
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study. They have great binding affinities and considera-
ble drug-likeness properties. One of these pip2 validates 
the overall drug design parameters by demonstrating 

a significant binding interaction with the conserved 
amino acids in the receptor molecule by demonstrating 
higher binding affinity than the standards flutamide and 

Fig. 5  Docking results of 
screened piperine analogs 
and standards against prostate 
cancer targeting Akt1 using 
AutoDock Vina tool

(A).  LigPlot and docked crystal structure of Akt1 with pip1.

(B). LigPlot and docked crystal structure of Akt1 with pip2.

(C). LigPlot and docked crystal structure of Akt1 with pip3.
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(D). LigPlot and docked crystal structure of Akt1 with pip4.

(E). LigPlot and docked crystal structure of Akt1 with pip5.

(F) . LigPlot and docked crystal structure of Akt1 with standard 1.

Fig. 5  (continued)
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cabazitaxel. As a result of these findings, the chosen piper-
ine analogs were investigated in further depth and through 
structural alteration to create potential new, more potent 
drugs with improved therapeutic action against prostate 
cancer.

(G) . LigPlot and docked crystal structure of Akt1 with standard 2.

Fig. 5  (continued)

Table 6  The best pairwise features of pharmacophore model

Pharmacophore 
model

Score Num-
ber of 
features

Features Molecules 
involved

1 7.523 4 1Ar, 1D, 2A Pip2 and standard 
1

2 6.021 3 1Ar, 2A Pip2 and standard 
2

Fig. 6  Pharmacophore model-1 
aligned on three compounds 
pip2, standard1 and standard2, 
HYD-Hydrophobic, AR- Aro-
matic features
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