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of oncogenic Cyclin D1 and PI3KA4. They  
also exerts epigenetic property and regulates gene 
expression6,7.  

Naringenin, a flavonone phytoestrogen which is 
found abundantly in citrus and grape fruits found  
to have a range of therapeutic potential8. Extensive 
works are carried out on naringenin in respect to  
its cardioprotective effects9. Naringenin is less 
explored for its anti-proliferative property on breast 
cancer. Inspite of its beneficial effects, naringenin is 
known to have low bioavailability10,11 and its rapidly 
converted to its crystalline form and has a short  
half-life with low absorption. To improve the 
bioavailability and tumour specific parameters,  
solid lipid nano carries of naringenin was prepared 
and explored for its interactions with oncogenic 
proteins of er positive breast cancer and cytotoxicity 
parameters. 
 
Materials and Methods 
 

Molecular docking studies of naringenin 
In silico molecular docking studies were carried 

out using pyrex 0.8 version to predict the action of 
naringenin on oncogenic proteins involved in er 
positive breast cancer such as er receptor protein, 
Cyclin D1, PI3KA. The interaction of naringenin with 
the tumor suppressor protein PTEN were also 
studied12. 
 
Preparation of ligand 

The ligand structure was constructed using 
chemsketch tool and its 3d structures are built using 
discovery studio visualizer. 
 
Receptor protein preparation 

The protein structures are downloaded from protein 
data bank and were analyzed using Swisspdb Viewer. 
Oncogenic proteins such as PI3K alpha (PDB ID: 
5ITD), estrogen receptor protein (PDB ID: 4J26)  
(Fig. 1), Cyclin D1 (PDB ID: 5VZU)13 and tumor 
suppressor protein phosphatase and tensin homolog 
(PTEN)14 with PDB ID: 1d5r were prepared for the 
study15,16 (Fig. 2). 
 
Molecular docking 

The 2d and the 3d structures of ligands and  
the protein were prepared using discovery  
studio visualizer and predictions such as  
docking score, binding affinity and hydrogen  
bonding the amino acid pockets of the proteins  
were studied. 

Preparation of solid lipid nano-particle 
The solid lipid nano-particle of naringenin was 

prepared with reference to previous publication. The 
procedure was optimized by trial and error 
method17,18. Glycerylmonostearate is used in oil phase 
and Tween 80 is used as a surfactant. The drug was 
dissolved in the lipid phase containing gms. The oil 
phase was slowly dispersed into the aqueous phase 
with continuous stirring at 1350 rpm for one hour at 
50°C. Later the hot solution was immediately 
transferred to the beaker containing ice cold water. 
The complete mixture was stirred under cold 
condition for 4 h using magnetic stirrer at 2000 rpm. 
The solution was kept overnight and observed for 
phase19.  

 
 
Fig. 1 — 2D Interaction of Naringenin and ER receptor protein 
(PDB ID: 4J26) 
 

 
 
Fig. 2 — 3D Interaction of Tamoxifen and ER receptor protein 
(PDB ID: 4J26) 
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Conversion of solid lipid nano-particles to freeze dried 
particles 

The prepared SLN of naringenin is converted to 
freeze dried particles to improve the stability. The 
prepared mixture was coated with mannitol by 
continuous stirring and was subjected to deep freezing 
for 8 h. The deep freezed product was further 
subjected to freeze drying technique. 
 
Characterization of naringenin solid lipid nano-particles 
 

Particle size determination and zeta potential  
The particle size of the sample was determined 

after dilution containing concentration of 1% (w/v). 
Litesizer 500 was used to determine zeta potential. 
Particle size, polydispersity index and particle size 
distribution were analysed for the diluted sample by 
maintaining optimum temperature to 25°C. 
 

Differential scanning calorimetry (DSC) 
Naringenin solid lipid nano-particles were 

subjected to dsc analysis to determine its melting 
point, purity and transition. The temperature range 
was maintained between 200-300°C. The samples 
were observed in reflection mode by maintaining 
ambient conditions.  
 
Cytotoxicity of naringenin solid lipid nanoparticles 

The cell culture was centrifuged and the cell count 
was adjusted to 1.0  105 cells/mL using dmem 
medium containing 10% FBS. To each well of a 96 
well flat bottom micro titre plate, 100 µL of the 
diluted cell suspension (approximately 10,000 
cells/well) was added. After 24 h, when the cell 
population was found adequate, the cells were 
centrifuged and the pellets were suspended with 100 
of different test sample concentrations prepared in 
maintenance media. The plates were then incubated at 
37°C for 48 h in 5% Co2 atmosphere, and 
microscopic examination was carried out and 
observations recorded every 24 h. After 48 h, the 
sample solutions were centrifuged and the pellets 
were re-suspended with MTT (2 mg/mL) in MEM-PR 
(MEM without phenol red). The plates were gently 
shaken and incubated for 2 h at 37°C in 5% CO2 
atmosphere. The 100 µL of dmso was added and the 
plates were gently shaken to solubilise the formed 
formazan. The absorbance was measured using a 
microplate reader at a wavelength of 540 nm. The 
percentage cell viability was calculated and 
concentration of drug or test samples needed to inhibit 
cell growth by 50% values were generated from the 
dose-response curves. 

Results 
 

Molecular docking studies 
 

Docking interaction of naringenin with estrogen receptor 
Naringenin tend to have a strong binding potential 

in silico with ER receptor with binding affinity of 
7.9. The docking with ER reveals that naringenin 
have good interaction with ER receptor (Table 1). 
 

Docking interaction of naringenin and tamoxifen with Cyclin 
D1 protein 
 

Docking interaction of naringenin with PTEN protein 
Results showing hydrogen bonding and 

vanderwaals interactions of naringenin and tamoxifen 
with PTEN protein (Fig. 3A-F). 
 

Docking interaction of naringenin with PI3K protein 
 

Characterization of naringenin solid lipid nano particles 
 

Particle size determination 
The prepared solid lipid nano-particles of 

naringenin was characterized for its particle size and 
purity using Litesizer 500 using X-ray diffraction 
(XRD). The particle size of the prepared SLN was 
found to be 273.4 nm and the polydispersity index 
was found to be 19.5% (Fig. 4A & B). 
 

Zeta potential 
The mean zeta potential of naringenin solid lipid 

nano particles was found to be 20.5 mV 
 

Differential scanning calorimetry 
The DSC analysis shows that there is a transition in 

the melting point of the prepared SLN which reveals 
that the compound’s entrapment within the solid lipid 
nano particles. The purity of the prepared compound 
was found to be 99.22 mol % (Fig. 5). 
 

Cytotoxicity assay  
The cytotoxity assay of naringenin solid lipid nano 
particles on MCF-7 was measured in accordance with 
the formazan levels. The percentage cell viability was 
measured and naringenin showed a dose dependent 
inhibition of cell viability in MCF-7 cell lines and IC50 
value of naringenin solid lipid nano particles was found 
to be 12.53903 µg/mL. Naringenin also showed a dose 
dependent inhibition on MCF-7 cell lines and its IC50 

value was found to be 15 µg/mL (Fig. 6A & B). 

Table 1 — Comparative binding affinity Of Naringenin And 
Tamoxifen 

Sl. No Protein Naringenin Tamoxifen 

1 PDB ID: 5VZU 7.1 Kcal/Mol 5.8 Kcal/Mol 

2 PDB ID: 5ITD 8.1 Kcal/Mol 6.7 Kcal/Mol 

3 PDB ID: 4J26 7.9 Kcal/Mol 6.0 Kcal/Mol 

4 PDB ID: 1D5R 8.8 Kcal/Mol 4.7 Kcal/Mol 
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Fig. 3 — (A) Naringenin And Cyclin D1 Protein (PDB ID: 5vzu); (B) Tamoxifen And Cyclin D1 Protein (PDB ID: 5vzu);  
(C) Naringenin With PTEN; (D) Tamoxifen With PTEN; (E) Naringenin With PI3K; and (F) Tamoxifen With PI3K 
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Fig 4 — Graphical representation of (A) Particle Size; and (B) Zeta potential distribution of naringenin solid lipid nano-particles 
 

 
 

Fig 5 — DSC analysis of naringenin solid lipid nano-particles 
 

 
 

Fig. 6 — (A) Cytotoxic activity of naringenin; and (B) solid lipid nano-particles on MCF7 cell line 
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Discussion 

The flavonone naringenin is known to have a wide 
pharmacological properties, however the poor 
bioavailability and weak affinity of naringenin on ER 
receptor is to be considered when estrogen responsive 
tumors. This study involves exploring the interaction of 
naringenin with ER positive breast cancer signalling 
elements, formulation of naringenin solid lipid nano-
particles and to identify the cytotoxicity potential of 
formulated naringenin. Binding of a ligand to ER 
receptor and transcription are the two important factors 
that induces a cascade of cellular process. As a weak ER 
agonist, naringenin shares vanderwaals interaction and 
hydrogen bonding with the amino acids of ER receptor 
such as ARG A:346, PHE A:356, GLU A:305, LEU 
A:476, LEU A:491, THR A: 299, MET A:295, LEU 
A:380, PHE A:377, ILE A:378, ILE A:376, MET A:340.  

Cyclin D1 is an important regulator of cyclin 
dependent kinases that is overexpressed in breast 
carcinomas20. Cyclin D1 induces cell cycle transition 
from G1 to S phase which results in rapid cell growth 
and proliferation. The levels of Cyclin D1 kinases are 
maintained by phosphorylation dependent nuclear 
export21. Many flavonoids were reported to have 
inhibitory effect on Cyclin D1. The binding interaction 
of naringenin with Cyclin D1 was further explored 
through docking studies. The docking interaction 
revealed that naringenin shares hydrogen bonding 
interaction with HIS B:144, ASN B:518 and PI alkyl 
interaction with ARG B:143. Naringenin shares a good 
binding interaction with Cyclin D1 with affinity of 7.1. 

The phosphatase and tensin homolog PTEN is a 
tumor suppressor gene that are often deleted or 
mutated in a number of tumors that includes prostate 
cancer, breast cancer, lung cancer and endometrial 
cancer22. It is reported that PTEN induces apoptosis 
and controls cell migration, cell invasion and 
angiogenesis by interfering with various signalling 
pathways. PTEN dephosphorylates protein substrate 
on serine, threonine and tyrosine residues. It causes 
down regulation of Cyclin D1 and pi3k. The 
interaction of naringenin with PTEN protein was 
explored and it was found to have pi-alkyl interaction 
with ARG A:173 and hydrogen bonding interaction 
with ASN A:329, ASN A:328, THRA:167, LYS 
A:164, VAL A:166, ARG A:172. The binding affinity 
of naringenin on PTEN was found to be 8.8. 

The PI3K/AKT/Mtor pathway gets frequently 
activated in breast cancer leading to cell proliferation 

and survival. Reports suggest that naringenin inhibits the 
expression of PI3K protein levels23. The docking 
interactions in this study reveal that naringenin shares 
hydrogen bonding interaction with ASP A:933, VAL 
A:851, SER A:854 and PI alkyl interaction with ILE 
A:800. The binding affinity of naringenin with PI3K 
was found to be 8.1. 

Various phytochemicals and its nano-particles are 
been explored for its proliferative potential24, 25. Studies 
suggest that nano particles play a promising role in 
targeting tumours that cellular levels26,27. In this study 
naringenin nano particles was found to have highest 
binding affinity with PTEN protein and PI3K compared 
with tamoxifen. Binding affinity more than -8 kcal/mol 
are considered to be highest and the moderate affinity 
are found to be between 7 to 828,29. They show 
moderate interactions with ER receptor and Cyclin D1 
protein. The prepared nano structured particles shows 
satisfying results. The particle size distribution and 
quality of the nano carriers were found to be within the 
acceptable range30. The cytotoxicity interactions 
revealed that the nano structured naringenin shows 
improved activity compared with naringenin. 

Thus various bioactives and their nano formulations 
investigated for its therapeutic effect shows promising 
activity against various diseases including cancer31. 
Exploring phytoconstituents and application of nano 
technology in improving their efficacy and 
bioavailability can play an important role in target 
specific drug discovery32,33.    
 
Conclusion 

Our present data provides information on docking 
interactions of naringenin with the important cell 
signalling proteins involved in cell prolifertation and 
survival of breast cancer. The interactions were 
compared with tamoxifen an estrogen receptor 
modulator. Naringenin shows good binding affinity 
with ER receptor protein due to its vanderwaals force 
and hydrogen bonding interactions compared with 
tamoxifen. Naringenin also shows satisfying 
interaction with PTEN protein, an important tumor 
suppressor that involves in dephosphorylation of PI3K. 
The bioavailability and the binding affinity of 
naringenin can be improved by coverting to its solid 
lipid nano-particles. The prepared nano-particles are 
found to be efficient in controlling the proliferation of 
MCF-7 in a dose dependent manner. Thus the lipidoid 
form of phytoestrogens may have beneficial effects in 
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inhibition of cell growth and cell viability. Further 
studies on genomic level and protein levels can be 
explored to study the inhibitory effects of lipidoid 
phytoestrogens which maybe have promising role in 
various carcinomas. 
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