
 

a

1&4D
J

Phyto
Naringen
low abso
the struc
study ex
molecula
preventiv
compare

Keywor

Breast canc
cause of can
80% of the 
estrogen rec
signaling an
such as 
sequences o
activity of E
role in br
therapy is 
strategy in e
selective es
selective est
and aromat
therapies c
receptors s
synthesis of 
to have p
interference 
cause muscu
bone density
These side 
treatment an
cancer3.thou
initially to e

—————— 
*Corresponden
E-mail: priya@

Molecul
and its nan

Priyadhar

Department of Ph
JSS College of P

oestrogens are kn
nin a flavonoida
orbtion and poor
ctural similarity 
xplores the intera
ar docking stud
ve potential agai

ed with naringen

rds: Angiogenesi

cer is known
ncer death in
breast cance

ceptor1. A cas
nd the microe

corepressors
of consensu

ER2. Moreove
reast cancer
considered t
er positive b
strogen rece
trogen recept
tase inhibito
competitively
suppress the
f estrogen. En
prominent si

with the es
uloskeletal d
y, endometri
effects can 

nd increases
ugh ER posit
endocrine trea

nce: 
@jssuni.edu.in 

I

lar dockin
no-structur

rshini S1*, Ake

harmacognosy; 
Pharmacy, JSS A

Recei

nown to have be
al phytoestrogen
r bioavailability
of naringenin w

actions of naring
dies and the prep
inst breast cance
in. 

is, Cytotoxicity, 

n to be the 
n women and
er shows ove
scade of even
environment 
s, coactivat
s binding s

er, E2 has a m
r developme
to be the m
reast cancer 

eptor modul
tor down reg

ors (AI)1. T
y bind to 
e gonadal 

ndocrine thera
ide effects 

strogen. They
disorder, hot 
ial cancer an

lead to no
 the reoccur
tive breast c
atment, about

Indian Journal o
Vol. 60, Feb

DOI: 10.5

ng and cyto
red lipid c

ey Krishna Sw
1&2Department O

Academy Of Hig

ived 26 Decemb

eneficial propert
n is been explore
 of naringenin m

with estradiol an
genin on importa
pared naringeni
er cell lines. The

Ligand, Mannit

second lead
d approximat
er expression
nts occurs in 

within the c
tors, genom
sites affect 
major etiologi
ent. Endocr
major treatm

which includ
ators (SERM

gulators (SER
These hormo

the estrog
secretion a

apies are kno
due to th

y are known
flashes, lose

nd weight ga
on-adherence 
rance of bre
cancer respon
t 20% of tum

 
 

f Biochemistry &
bruary 2023, pp. 
6042/ijbb.v60i2

 
 
 

otoxicity i
carriers in

waroop1, Jubie S

Of Pharmaceutic
her Education &

er 2022; revised

ties in various ca
ed for its antiox
makes it less eff
nd considering th
ant signaling pro
in solid lipid na
e lipidoid form o

tol, Metastasis, P

ing 
tely 
n of 
ER 
cell 
mic 
the 
ical 
rine 

ment 
des 
M), 

RD) 
nal 
gen 
and 
wn 

heir 
n to 

 of 
ain. 

to 
east 
nds 

mors 

are re
40% 
Resist
and re
for n
studie
such a
recept
Certai
resista
PI3K 
breast
precli
both 
promi
Hence
with m

Phy
overc
resista
breast
effect
that is
turn 
gland
that st
estrog
phyto

& Biophysics 
141-147 

2.70688 

interaction
 ERα posi

S2, Jawahar N3

cal Chemistry; &
& Research, Ooty

d 11 January 202

arcinomas. They
xidant, cardio pr
ficient in targetin
he affinity of na
oteins involved 
ano particles we
of phytoestrogen

Phytoestrogens, 

esistant to tre
of tumors ac
tance to endo
elapse leadin

newer endoc
es suggest th
as PI3K-AKT
tor signaling 
in preclinical
ant cells cou
and Mtor inh

t cancer. 
inical studies 
growth fact

ising effect in
e there is a 
multitargeting
ytoestrogens 
ome this 
ance and also
t cancer. It 
ts are due to t
s induced by 
reduces the
s5. Phytoestr
tructurally an
gen 17β es
estrogens ha

ns of narin
itive breas
 & Vrajesh Div

& 3Department of
y-643 001, Tami

23 

y exhibit its effic
rotective and cyt
ng tumours at ce

aringenin with es
in ER positive b

ere characterized
n shows promisin

Surfactant 

eatment intrin
cquire resista
ocrine therap
ng to death. I
rine drug c

hat the up re
T-Mtor intera
and confers 

l studies show
uld be restor
hibitors and i
Evidences 
shows that t

or pathway 
n overcoming

need for ne
g potential.  

have ben
major chal

o in treating 
is predicted 
the increase i
cytochrome 

e estrogen 
rogens are 
nd functional
stradiol. Re
ave inhibitor

ngenin  
st cancer 

vecha4 

f Pharmaceutics
il Nadu, India 

acy at cellular le
totoxic function
ellular levels. D
strogen receptor
breast cancer thr
d and studied fo
ng cytotoxic pote

nsically and 
ance after ma
y results in m
It also result

combinations
egulation of 
acts with the
endocrine re

ws that the re
red on treatm
it could resen

from clini
the treatment 
and ER can

g endocrine r
ew treatment

neficiary ef
lenge of e
ERα recepto
that these p

in estrogen c
p450 enzym
stress on m
bioactive co
ly mimics ma

eports sugge
ry role in e

,  

evels. 
n. The 
Due to 
r, this 
rough 
for its 
ential 

other 30-
any years. 
metastasis 
ts in need 
. Several 
pathways 

e estrogen 
esistance4. 
esponse of 
ment with 
nsitize the 
ical and 
 targeting 
n hold a 
esistance. 
t strategy 

ffects to 
endocrine 
r positive 
protective 
atabolism 

mes that in 
mammary 
ompounds 
ammalian 
ests that 
xpression  



INDIAN J. BIOCHEM. BIOPHYS., VOL. 60, FEBRUARY 2023 
 
 

142

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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