http://rjms.iums.ac.ir VEY sl 5 F o jlad 4 o) 55 15l 1pSabjs gle alan

£ers) € erNe e oCope )0

;
g‘x.

&

g
e/
£

[ Downloaded from rjms.iums.ac.ir on 2026-04-28 |

59319 591> (PCL-PEG) JgSulls (il -5 95 Y g 95 s b oud ZH0! (b lito 058930 i
boghd (Jokw 035595 9 YT (it 1 (b 3 51 9 (N

Al ol ol (S pole oSl (S (ngh (slosyolid 0aSiils 1 S gha |

Ol Ol oln! (K83 pole olStily ( (S 0uSily cg5lgS s 09,5 (s5loSosld) (g ls Sl 13,8 (keS8

pole oSt il ( Sy (g glbsygld 0aSi il ( JsSUge (gyl3ppmga s Jl)S) (Kb 5yl p yga T (6y5kB g pole 09,5 (il Lcond g Hlti 3 s gen] s Ao d
ARl ol Wyl Sy

il et el (S pols oISl o Kby 00Kt e gMid (K55 09,5 ccslatd (silog )l skl 28315 cpas W

Ol ol sl (S5 pole olSiily (S (g slacsgld oaStils ( JoSlge (S 09,5« J5Slge (S ol 105 Ly,

Ol (K832 pole oSty ((Sdjy (g slagsyslid 038l o J5ge )l pngad (5] (KB 52 iy gad igld g pole 09)5 (b (cond g sluils 1igaen 340>
d.ahmadvand@iums.ac.ir (Jgzws esim s #) olpl olyes

LXN €3

o jlganls’
0l gl aunbolize 0,546

931> Jl g (o)l paad (glyy (S ciliseo slaojgn 53 bl ST unblize b b 5l ookl 0)g yal 1802 5 diue
593 Ll L Sl ) 95 pim g lgie 4 odd e ] pwablise @lyd gl adllas ol 53 e | 458,5 51)3 dn g5 390

0k e sl 43855118 adlllas 3590 Logidd (b js s ok (30 O Jl g Sy sewd Jole I s 58
Yol 5 s YanlS el yerlisS b ol oMol Fes04 ol bl o bliio 0l b ol adlllas 35, s,

JsSulS sl L g dbawly 4 9yl (L plise BaD Jis (g wr B9y & N e (Slopd (e 590l 9l JsS BlsILL

ooy 5 Seald 595 (S dlawly 015 5w Sk 5 Glshige 5 03l s (65 o TUV (58 Sl

ok 03) 59y 2 0ad it Sl ol Coans il Culeg 3 1B S 15 sy 300 SEML g oSl S 5,800

28,5 )15 sl 2,90 U9IT Logis) Sl s

PCL-PEG ,ebs5 b osis gMol (ubline 1) 66 13 2o p3 QA 3905 13 oV leily b (5D s (59,15 s08L

I35 0 (550 354 5 s Lo (55505890 5| SEM (39 0l s 9S00 yslias as drgi b oad s slalidls 3 S ag

15 65Vl SAS L3l ol oy 4y My e 392y s dplie 5 35V (s L 0 39) smmbolie )5 g5 1339y

VEY/ANR il gl A1 s U937 ogidd Sl pos Il 03) 55 2 08 s S| 659 0l 590

- o S olgie a4 olgie 1y HeusS b o el (aboliie il)d gl aS ol Liss 4 S &y o dalllan gulis 1 g S ASei
VLYY ol b '

me e ol 515 03Litl 350 oy Aiain loyd (8l 55Nyt (65l 3 aslio Lol

el 035 )5S dbe Lo, l5

")l)il u‘i‘“’)" F9lc oKisly DJ.Msu.:LoA é.wc

o oyl s Slkuw] ogusids
Hosseini A, Keyhanfar F, Hajiahmadi F, Hassanzadeh L, Ghods R, Ahmadvand D. Cisplatin-loaded
Superparamagnetic Nanoparticles Modified with PCL-PEG Copolymers and Their Effectiveness Evaluation on
Lymphoma Cell Line. Razi J Med Sci. 2023;30(3): 157-167.

wawl 438 )5 o y9u0 CC BY-NC-SA 3.0 by Gallao ST aw yiansd w3 ygu0dy allite ¢yl pLisisl®
Yov


https://orcid.org/0000-0002-5611-5056
https://rjms.iums.ac.ir/article-1-7568-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-04-28 |

Razi Journal of Medical Sciences. 2023;30(3):157-167. http:/rjms.iums.ac.ir

\eoIPaIN O AjIsIaAIuN Ukl

VS
Ko

t Original Article

Cisplatin-loaded Superparamagnetic Nanoparticles Modified with PCL-PEG
Copolymers and Their Effectiveness Evaluation on Lymphoma Cell Line

Arastoo Hosseini: Department of Medical Nanotechnology, Iran University of Medical Sciences, Tehran, Iran

Fariborz Keyhanfar: Professor of Pharmacology, Department of Pharmacology, School of Medicine, Iran University of
Medical Sciences, Tehran, Iran

Fahimeh Hajiahmadi: Associate Professor of Clinical Biochemistry, Department of Medical Imaging Technology, School
of Advanced Technologies in Medicine, Iran University of Medical Sciences, Tehran, Iran

Leila Hassanzadeh: Assistant Professor of Nuclear Pharmacy, Department of Nuclear Medicine, School of Medicine, Iran
University of Medical Sciences, Tehran, Iran

Roya Ghods: Assistant Professor of Molecular medicine, Department of Molecular Medicine, School of Advanced
Technologies in Medicine, Iran University of Medical Sciences, Tehran, Iran

Davoud Ahmadvand: Associate Professor of Clinical Biochemistry, Department of Medical Imaging Technology, School of
Advanced Technologies in Medicine, Iran University of Medical Sciences, Tehran, Iran (* Corresponding Author)
d.ahmadvand@iums.ac.ir

Abstract
Keywords
Background & Aims: Cancer is one of the causes of morbidity and mortality in y. .
. . . . Modified Magnetic
developed and under-developed countries. Different strategies are under evaluation N .
. . . anoparticle,

for cancer therapy including chemotherapy, radiotherapy, and surgery. However, the Cisplatin
treatment can be affected because of the lack of the desired effect and severe side plaun,

. . . Polycaprolactone,
effects. For these reasons, discovering an improved cancer therapy strategy has been Polvethvlene elveol
one of the most important research efforts worldwide. Cisplatin is considered one of Cari:er Y glycol

the most effective used chemotherapy agents in the treatment of a variety of tumors.
However, its use is limited because of its toxicity to normal cells. In addition, non-
specificity and high dosage of drugs are the other important reasons which practically
limit their application. Drug delivery systems can overcome these challenges by
enhancing the therapeutic efficacy and reducing the adverse effects of anticancer
agents. The application of nanoparticles as drug carriers has been widely studied for
more than a decade (3). Magnetic nanoparticles are popular candidates in therapeutic
systems and diagnostic applications that approved for clinical use by the Food and
Medicine Administration (FDA) (5). In this study, we prepared superparamagnetic
iron oxide nanoparticles Fe3O4 (SPIONSs) that were modified through triblock poly Received: 08/04/2023
(ethylene glycol)-poly (e-caprolactone)-poly (ethylene glycol) nanoparticles. These

modified nanoparticles have been utilized for Cisplatin delivery on the lymphoma Published: 10/06/2023
cell line (U937).

Methods: Magnetic nanoparticles were prepared by a co-precipitation method in the

presence of Fe?" and Fe* (9). In order to synthesize the polymer, e-caprolactone and

polyethylene glycol were polymerized by a ring-opening polymerization method.

Triblock copolymer PCL-PEG-PCL was prepared through the ring-opening

polymerization method (10). Magnetic iron nanoparticles were also prepared and

confirmed using Fourier Transform Infrared Spectroscopy (FTIR) and X-ray

diffraction spectrum (XRD). Superparamagnetic nanoparticles modified with PCL-

PEG-PCL copolymers loaded with cisplatin were developed using the double

emulsion solvent evaporation method (11). The encapsulation efficiency of cisplatin

loaded in nanoparticles was evaluated through UV spectroscopy at 280 nm (12).
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Synthesized nanoparticles were evaluated in terms of particle size and morphology
by dynamic light scattering (DLS) analysis and Scanning Electron Microscope
(SEM), respectively. In addition, the chemical structure of PCL-PEG-PCL triblock
copolymer and superparamagnetic nanoparticles modified with PCL-PEG-PCL
copolymers loaded with cisplatin was confirmed using FTIR and proton nuclear
magnetic resonance (1H-NMR). Finally, the effect of synthesized nanoparticles on
the lymphoma cell line (U937) was investigated using MTT assay (13).

Results: Magnetic iron nanoparticles were confirmed using FTIR and XRD. The size
and shape of the nanoparticles were evaluated using DLS and SEM. The results show
that the particle size was around 100-130 nm and the synthesized nanoparticles had
uniform dispersion without aggregation. High entrapment of cisplatin was achieved
using the double emulsion solvent evaporation method (98/07%). The hysteresis
curves of iron magnetic nanoparticles and cisplatin-encapsulated magnetic
nanoparticles PCL-PEG-PCL exhibited that in the presence of a magnetic field with
an intensity up to 8000 Gauss, these particles have shown the magnetic properties
(about 70 emu/g). When the magnetic field was removed, these nanoparticles lost
their magnetic properties (0 emu/g). So, in the presence of a magnetic field, a
magnetic orientation was demonstrated. The results of the cell viability assay using
MTT dye showed that IC50 of free Cisplatin and Cisplatin-encapsulated magnetic
nanoparticles PCL-PEG-PCL on the U937 cancerous cell line is 119.70 + 4.46 ug/ml,
17.35+ 1.48 pg/ml, 13.58 + 1.59 pg/ml and 29.67 + 1.99 pg/ml, 11.24 + 0.82pg/ml,
7.10 £ 1.37pg/ml respectively for 24, 48 and 72 hours incubation time. The anti-
proliferative effect of cisplatin encapsulated in magnetic nanoparticles was more
significantly cytotoxic on the cancerous target cells than free cisplatin.

Conclusion: Over the last decade, scientists have tried to develop new strategies for
enhancing the therapeutic index while reducing side effects. In this regard,
nanotechnology is considered one of the most effective strategies to which a huge
share of research in this area is dedicated (3). Among all the nanoparticles SPIONs
have attracted significant attention in cancer therapy because of their unique
properties such as biocompatibility, biodegradability, and ease of chemical
modification (5). The results of the study demonstrated that superparamagnetic
nanoparticles modified with PCL-PEG copolymers efficiently delivered cisplatin
into the U937 cells and demonstrated potent in-vitro anticancer activity which had a
significant cytotoxic effect against lymphoma cell line (U937). Therefore, this
delivery system can potentially be applied for the delivery of anti-cancer drugs and
holds a great promise as an effective strategy for cancer treatment.
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