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Abstract 

The phosphatidylinositol 3-kinase (PI3K)/serine-theronine protein kinase Akt is a vital signaling 
cascade involved in cell survival, progression and thus causes various types of cancers. Various 
kinase inhibitors targeting PI3K/Akt have been extensively studied but promising results could not 
be obtained because of toxicity and resistance issues. The aim of present study was to analyze the 
interaction of plant derived natural moieties such as nimbin, cannabidiol and acetogenin to PI3K and 
Akt signaling molecules. Results showed that nimbin, cannabidiol and acetogenin significantly binds 
to both signaling molecules. They revealed almost equivalent potency of binding to PI3K at their 
respective active site but nimbin exhibited lower free energy of binding with Akt. A combinational 
drug therapy comprises of these natural metabolites that can target these specific protein kinases 
efficiently can prove as a boon for breast and other cancers treatment. 
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Introduction 
Breast cancer is one of the most common 

malignancies among women worldwide. It is 
characterized by distinct pathological and molecular 
subtypes. Inspite of major development in advance 
diagnostic and treatment measures, morbidity and 
mortality rates are still higher. Phenomenon of 
invasion and metastasis leads to tumor progression. 
Several signaling pathways including phosphatidyl-
inositol 3-kinase (PI3K)/Akt are found to be highly 
involved in complicating the disease (1).  

PI3K belongs to a family of lipid kinases whose 
primary function is the phosphorylation of 3-hydroxy 
group of phosphoinositides. Binding of a growth 
factor to its cognate receptor tyrosine kinase (RTK), 
activates PI3K. Insulin like growth factor 1 receptor 
(IGF-1R) are amongst the predominant receptors 
involved in activating PI3K. On activation, PI3K 
heterodimer interacts with its intracellular portion via 

p85, a regulatory subunit of PI3K (2). This binding 
facilitates the removal of inhibitory effect of p85 on 
p110 which in turn, completely activates PI3K. 
Activated PI3K plays a vital role in cellular prolif-
eration, survival, metabolism and differentiation. 
Monoclonal antibodies, tyrosine kinase inhibitors and 
PI3K inhibitors have been extensively studied to 
target PI3K but promising results yet to be explored 
(3). Large number of mutations happening in PI3K 
could be a reason because of which several drugs 
have lost their therapeutic potential in targeting this 
signaling molecule. Toxicity and resistance were the 
other issues which further limited the use of 
conventional options (4).  

Akt, a pro-survival signaling pathway have been 
reported to be deregulated in breast cancer patients. 
Akt pathway plays a predominant role in cell 
proliferation, survival, progression, invasion, meta-
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stasis and anti-apoptosis and also contributes to 
events of tumorigenesis. Upon localization at plasma 
membrane, Akt gets phosphorylated and thus 
induces protein synthesis and cell growth via the 
activation of mammalian target of rapamycin 
(mTOR). To combat the issue of breast cancer, Akt 
was observed to be an attractive target (5, 6).  

Various medicinal plants are widely known to 
cure inflammatory conditions, diabetes, parasitic 
infections, neuralgia and cancer (7). Their active 
components can exhibit high therapeutic potency to 
target various signaling pathways involved in 
complicating the breast cancer. The following sections 
of the article will briefly discuss the role of these 3 
natural moieties named as nimbin, cannabidiol and 
acetogenin in overcoming various complications of 
breast cancer. 

Nimbin is an active constituent of Azadirachta 
indica leaves extract. In a recent study conducted on 
both MCF-7 and MDA MB-231 breast cancer cells 
revealed that crude extract decreases the expression of 
various signaling molecules such as RAS, RAF, p-Erk, 
p-Akt and Cyclin D1 (8, 9). Thus active constituents of 
neem leaf extract can be used as a potent inhibitor of 
breast cancer progression by virtue of their ability to 
target various signaling molecules involved in 
complicating the disease. 

A well-known medicinal plant, Cannabis indica is 
known to contain a non-psychoactive component, 
cannabidiol (CBD). A study conducted by Ligresti et al 
revealed that CBD significantly inhibits the growth of 
MCF-7 and MDA-MB231 breast tumor cell lines at the 
IC50 value of 6 μM and also exhibits lower potency in 
non-cancer cells. CBD and CBD rich extract also 
reduces the growth of xenografts. They reduces the 
infiltration of lung metastasis in athymic mice injected 
with human MDA-MB231. Hence, it can be clearly 
said that CBD can be used as a potent inhibitor of 
signaling pathways to combat the issue of breast 
cancer (10 - 12). 

Annona muricata popularly known as Graviola or 
Soursop is widely known for its medicinal benefits. 
Annonaceous acetogenins is considered as to be the 
major bioactive constituent of it. A study conducted 
by Najmuddin et al observed the cytotoxic effects 
induced by Annona muricata crude extract against 
various breast cancer cell lines. A significant 
decreased level of nitric oxide (NO) and malondialde-
hydes was observed in tumor cells with a significant 
increase in white blood cells. Reduction in tumor size 
and weight, induction of apoptosis and 
anti-metastatic features were also observed in 4TI cells 
on treatment with crude extract (13). However the 
potency of acetogenins to target various signaling 
pathways is yet to be explored. 

The present research article is an attempt to 
determine the efficacy of cannabidiol, nimbin and 
acetogenin to bind to PI3K and Akt by molecular 
docking studies. 

Materials and Methods 
To determine the efficacy of ligands to which 

bind to receptor molecule, their crystallographic data 
were taken in Cartesian coordinate. From the RCSB 
protein database, 3D structure of PI3K and Akt was 
obtained with PDB id 1E7V and 4EKL respectively. 
3D structure of ligands chosen for this study namely 
cannabidiol, nimbin and acetogenin were prepared by 
using Frog server from canonical smile obtained from 
Pubchem. Ligands have been docked with PI3K and 
Akt using autodock tools of Autodock 4.2.6 package. 
Based upon Lamarckian Genetic Algorithm (LGA) 
with maximum 250000 energy, binding affinity of 
ligands to receptor molecule was evaluated in order to 
assess their potency to be used as PI3K and Akt 
inhibitor [Table 1, Figure 1] (14, 15). 

 
 

 
Figure 1: 3D structure of natural metabolites; (A): Cannabidiol, (B): Nimbin 
and (C) Acetogenin 
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Table 1. Pubchem Id and Canonical Smiles of Cannabidiol, Nimbin 
and Acetogenin 

Name Pubchem ID Canonical Smiles 
Cannabidiol 644019 CCCCCC1=CC(=C(C(=C1)O)C2C=C(CCC2C(=C)

C)C)O 
Nimbin 108058 CC1=C2C(CC1C3=COC=C3)OC4C2(C(C5(C(C4O

C(=O)C)C(C=CC5=O)(C)C(=O)OC)C)CC(=O)OC)
C 

Acetogenin 393472 CCCCCCC(C(CCC(C1CCC(O1)CCCCC(CC2=CC(
OC2=O)C)O)O)O)O 

 

Table 2. Active binding sites of PI3K and Akt for cannabidiol, 
nimbin and acetogenin 

 Cannabidiol  Nimbin  Acetogenin  
Akt GLU191, HIS194, ASP274 LYS179, LEU181, 

GLU191, HIS194, 
THR195, GLU234, 
GLU278, ASP292 

LYS179, GLU191, 
HIS194,THR195, 
ASP274, ASN279, 
THR291, ASP292 

PI3K MET804, SER806, PRO810, 
ILE831, TYR867, ILE879, 
GLU880, VAL882, THR887, 
ASP950, MET953, PHE961, 
ILE963 

GLU880, ILE881, 
VAL882, THR887, 
ASP950 
 

SER806, LYS808, 
TYR867, GLU880, 
ILE881, VAL882, 
ASP950, ASN951, 
ILE963, ASP964 

 

Table 3. Representing binding affinity of Cannabiidiol, nimbin and 
acetogenin with PI3K and Akt separately 

 Cannabidiol (kcal/mol) Nimbin (kcal/mol) Acetogenin (Kcal/mol) 
Akt -6.9 -8.2 -7.4 
PI3K -7.2 -6.8 -7.2 
 

Results and Discussions 
Cannabidiol, acetogenin and nimbin molecules 

have been docked to PI3K and Akt signaling 

molecules using Autodock 4.2.6 package. All the 3 
ligands were separately docked to both receptors. Akt 
macromolecule forms binding site for cannabidiol 
which is a potential drug candidate for cancer, 
consists of GLU191, HIS194, ASP274 residues which 
displays an affinity of -6.9 Kcal/mol for cannabidiol 
[Fig 2:(A)]. Whereas, the another receptor PI3K 
possess an active site consists of residues MET804, 
SER806, PRO810, ILE831, TYR867, ILE879, GLU880, 
VAL882, THR887, ASP950, MET953, PHE961, ILE963 
which displays an affinity of -7.2 kcal/mol for 
cannabidiol [Fig 2:(B)]. Acetogenin binds to Akt at 
active site comprises of LYS179, GLU191, 
HIS194,THR195, ASP274, ASN279, THR291, ASP292 
with -7.4 Kcal/mol energy [Fig 2:(C)] and at active site 
comprises of SER806, LYS808, TYR867, GLU880, 
ILE881, VAL882, ASP950, ASN951, ILE963, ASP964 
residues it significantly binds to PI3K with -7.2 
Kcal/mol [Fig 2:(D)]. Third ligand named as nimbin 
binds to Akt with energy -8.2 kcal/mol at active site 
comprises of LYS179, LEU181, GLU191, HIS194, 
THR195, GLU234, GLU278, ASP292 [Fig 2:(E)] and to 
PI3K it binds with little lesser affinity at site GLU880, 
ILE881, VAL882, THR887, ASP950 with -6.8 Kcal/mol 
[Fig 2:(F)]. Although all the three ligands showed 
significant potency to bind to both the signaling 
molecules but nimbin exhibited highest potential to 
bind to Akt and all the three ligands showed almost 
equivalent potency to bind to PI3K at their active sites 
[Table 2].  

Conclusion 
Conventional therapies significantly 

affects the patient’s quality of life. Hence 
there is an urgent need to introduce herbal 
medicines which can efficiently overcome 
the complications of breast cancer without 
inducing any side effects. Molecular 
docking has become a popular approach 
now a days to check the efficiency of 
various drugs before conducting its clinical 
trials. Cannabidiol, nimbin and acetogenin 
an active constituent of Cannabis indica, 
Azadirachta indica and Annona muricata 
respectively exhibits very high binding 
affinity to PI3K and Akt signaling 
molecules. More in vitro studies needs to be 
carried out to reveal their potency to target 
PI3K and Akt signaling pathway to combat 
the complications of breast cancer. 

Acknowledgments 
We acknowledge the help provided by 

Maharishi Markendeshwar University, 
Mullana, Ambala, Haryana, India. 

 

 
Figure 2: Docked images of; (A): Akt-Cannabidiol, (B): PI3K-Cannabidiol, (C): Akt-Acetogenin, 
(D): PI3K-Acetogenin, (E): Akt-Nimbin, (F): PI3K-Nimbin 
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