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Abstract

Although pomegranate flower extract has anticancer properties, it requires carriers to
improve its efficacy by delivering it to the target cells. Therefore, this study focuses on
the development of pomegranate flower extract-loaded nanoliposomes and investigates
their effects on MCF-7 breast cancer cells. In this study, after extracting the
pomegranate flower extract and determining properties such as the maximum
wavelength and standard curves, the extract-loaded nanoliposomes were synthesized
using the thin-film method. The physicochemical characteristics of the nanoliposomes,
including encapsulation efficiency, drug release, size, and zeta potential, were evaluated
using spectrophotometry and DLS, while their morphology was studied using Fe-SEM
and AFM microscopy. Finally, the antitumor activity of the nanoliposomes containing
the extract and the free extract was assessed on MCF-7 cancer cells using the MTT
assay. The results showed that the encapsulation efficiency of the synthesized
nanostructure was 73.2 * 2.6%, and the maximum release of the extract under normal
and cancerous cell conditions was 51.3 £ 1.4% and 67.2 + 2.6%, respectively. The
nanoparticle size was 155.7 + 4.1 nm, their polydispersity index was 0.345, and the zeta
potential was -17.1 £ 3.4 mV. Microscopic images indicated that the nanoparticles had a
spherical and uniform shape with no aggregation or precipitation. The nanoliposomes
containing the extract showed higher toxicity on MCF-7 cells compared to the free
extract, exhibiting a lower IC50, while the blank system showed minimal toxicity to
healthy fibroblast cells. The nanostructure developed in this study not only
demonstrated favorable physicochemical properties but also effectively loaded the
pomegranate flower extract and significantly enhanced its antiproliferative effects,
making it a promising candidate for breast cancer research.
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@\.:3

Al oo s ad S R s Sl pde 2 Jsb S shss bl Bl 8 e slas pge Sz as dob
A3 S a3l OF 51 L ol slas Ol bl sal wdd o35l i S

Sliud 5l 3L 55 LU S o las 3 ikl (glals e ols Jled boalise chle oogline s 5k 53 U1 S
ot oo dob 5l 6o L idsbanan!l 5 ol Jsb oo eslas ol o al 3L ) SO s el
ol sl sl glalssed Ul S ejlas ods Olype & e b ol 1 das o ) sl YT 2o

B A r.;.\.»‘): PBS B J’ijﬂ}fl‘ L;Lhd_,l’u Bl aJL.e.&

\AA



ob&.«.ﬁ K} J.,é.i ‘.\ii g\l\“—\ﬁl\ Ql?ﬁ&.ué s\i"ﬂ ot.w.ﬂj g(}.} O‘)LA-:‘ cr.h-\-&.ﬁ JL.ﬂ gé_)j\? wu&;—wﬂ_}

A 33 S Faam S3adlil L dsl d e 1355 0 plonl
53 4y BB sl sl ab s e & Jsl el
35 ool OF GlbI Lama e 0353 o5las Zale
At Jlgas oot a8 L pss a8 -
el o sl CBlE gl Al s 4 oS S
s Blla Slelas Jhla, oS E S s g
Az o 0L Il 5 Sl lad b alie Ll 5 5o
Sl nsa ol ol OL3SL 5480
b oS das e 0l (0 JK2) FE-SEM o S s Koo
Sifsose 3 s e S JSE olas gsl SIS
3 ol i oy Gl mhe 5 658
g U 8 oslas ol D3 g e )
Sl ek esls Ol N K s 55 AFM gadns
Sls S35t a8 £ 8 ams Ol o pslad ol el
Gl U ez WL 5 SO 655 cmle S5 s
Sl S p R e S dines
el asdlae b 53 el i gded SIS
bl bl sdd e GUlgl Crow
S odas e Ol Jde caew s MTT 2y,
Gl Gladshe 5 S5l Conn oslas BB slags) 5]
sdiS Jlgdel Laasl -l clazsls (HFF) coodly o
O b Glad sl a2 b Sl (2 )l5e S
Gl ol ol 4SSl kal el S
T IR (Y ) SR P W L PR PPy P P
S p Ol SOl Sl $A 51 S MTT 04050
ST 5 e sised Ssline glaclale LMCF-7 (glad sl
0955 e S A asiie A planil UL S o jlas
s B sk 4 e ol Sl e ol (ol sla
(A JSE) ol ejlas ST Sl 51 ziy (p < v/ev0)
1Ll S eslas 6 055 A ol L & Jilesl ol
AS o ol Ol Ol Gl sadshe S35
e A i S s e las &S das e 0L S
2edle (A JS8) oo S e sl 5 565
S s oles Coaw &S s e 0L =kl
/en0) sulsbas b a4 bl Llad js el W5l S

St oS o 2ol 5 ol ST - Sl 2l (<

A4

oo a el Gl ges (Y S5 Lo sl sl
e rs 3 Y=0.0028X-0.0054 Jyop b pkie Lo
Jolowe 53 352 o odalinr A23A L ol (R?) 05 S
b ks b Ohse 4 Hlasel S (Y KSE) PBS
OS> e s Y=0.01118X-0.003406 s 5
el 074447

oo o S Sl g e S 2 5 o310
Gl sismd U nle mnp S DU S o)las
@ s S eslid ple U oKiws 3l oylas gl
el V00N BNV L s Sl st sl oS sl 0L
5,8 oS3 el (Godgdmme 53 (gads ) 1 aS (ol
ol Y80 L s PDID) SuS|,y Lasls opomes
-o3lLI DLS o&aws (galws a4 50 S350 saw L
Blacl £ 5550 015 e baosls OF bl i3 8 5,8
oW EE L ol by il S 58
desly 5 D3 oIl s Az Sl s it
el ol 1S Y Jadr 3 W Jel 505U

2 abas by Ol 5 Slile 56 (K, Ol e
LU S oslas (6800 Ol 0dd Ay s 5L
b 3 dbppe 0SS pee Sl GsSese
e (asiia O gV ge b 5l ealial by o ns ]
YA Sl Gl b odo s VIVY (. Sle 55b a0 5 ol
oslas g3lusll Ly, S e ool s 4 Ao
Looslize Sloy glaesl oo 5 pH 5 Lo paze Ll 5 o
Jslos 55 olS ol osliae 3,1kl (slassls Sl eslizal
il (6 JS2) a3 pad 53 5 4l ool PBS
3 eslas leslil I adlas ool el esls
Shls B 3550wt 45 ol OF 5 Sl e U
T R U N e NP SR NERLey W |
bz sla STy PH 5 Lo dle Cilisne S e Julye
EA b s S cgslealil Ol op YL s e OLES
L do)s OV Olsee 40 O S35l 550 Ll o0 5o sl
Lyl i s 6 Jb 5 esls To e M/t Slore Ol il
WY 4 Ol opl Gomb PH 5 2w glos b S e
N3 ga5 il ey o o3 V/E e Ol b Aoy

> 6 95 5o s 5 eslas gleslyl el s



ob&.ﬁ.ﬁ K} J.:é.:l ‘.\ii g\l\“—\ﬁl\ Ql"&.& s\i"ﬂ ot’.w.ﬂj gf}.} OJLQ—:I cr.h-\-&.h JL.ﬂ ‘6).93\’. wwﬁn—nﬁ_}

Gl 4 Cad G S WIS e S Slags
Lol p sl &l s oslias ICs0 oS 1o S sl 5151
A eSS s 5 1) Ll S s £YVAEAY
e 53 opl oS woesl 1) /e S e VUM E ) L

s Slae g lslas b 4

ol odalin pimman 343 0 S gladsle cpl s
2Ol oo (I 53 58 3 ojlas chle LIBIL S
Olpee aslie Ll o bl S e cladsle g3,
Ol 4 S 55 el STl 5T slae lae ICso
s bable s olas ol Glapsisd o dass

ol e Sl b olerd 5SG58 Gla S -V Jsds

Table 2. Physicochemical characteristics of the synthesized nanosystem

Encapsulation Maximum Maximum Size (nm) zeta potential Polydispersity
efficiency (%) release within release within (mV) index (PDI)

48 hours under 48 hours in

normal cancer
conditions (%) conditions (%)
73.2+2.6 51.3+14 67.2+£2.6 155.1£4.7 -17.1+£34 0.345
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Fig. 1. Absorption wavelength of the extract in the range of 200 to 800 nm. The highest amount of absorption was
observed at the wavelength of 220 nm.
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Fig. 2. Standard curve of pomegranate flower extract in isopropyl
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Fig. 3. Standard curve of pomegranate flower extract in PBS buffer
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Fig. 4. Examining the release process of the extract from the liposomal nanosystem in response to different stimuli of
temperature and pH. The figure shows that the lipid nanosystem has a controlled and slow release. Based on this
figure, it is clear that the highest release rate at 48 is 51.3 + 1.4 in normal conditions and 67.2 + 2.4 percent in cancer
cells.
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Fig. 5. Image obtained from the analysis of nano-liposomes containing extract with FE-SEM microscope
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Fig. 6. Image obtained from examining nanoliposomes containing extract using AFM microscopy
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Fig. 7. Toxicity study of extract-free nanoliposomes on healthy HFF. The results of this analysis over 48 hours using
the MTT method show that these nanoparticles have very low toxicity on fibroblast cells (HFF).
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Fig. 8. Evaluation of the cytotoxicity of the synthesized nanosystem by MTT method. According to the graph, the
toxicity effect has a direct relationship with the increase in concentration in both free and encapsulated states, and the
toxicity increases with the increase in concentration. Also, the toxicity of the encapsulated extract is significantly
higher than the free extract in all concentrations. NS: No significant differences. **and***: p < 0.005.
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Figure 9. Checking the ICso value of pomegranate flower extract in free and encapsulated state using MTT analysis.
Based on this graph, it can be concluded that the toxicity of the encapsulated extract compared to the free extract has
significantly increased on MCF-7 breast cancer cells. **: p < (0.005
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