Albumin magnetic
nanoparticles

5-fluorouracil
targeted drug delivery

MCF-7 cell line

The Effect of 5-Fluorouracil Loaded Albumin Magnetic
Nanoparticles on Viability and Cell Cycle of Human
Breast Cancer MCF-7 Cell Line

Zahra Rajabi!, Fatemeh Bagheri?, Seyed Abbas Shojaosadati**

1. Department of Biomedical Engineering, Faculty of Chemical Engineering,
Tarbiat Modares University, Tehran, Iran
2. Department of Biotechnology, Faculty of Chemical Engineering, Tarbiat
Modares University, Tehran, Iran

Research Subject: Breast cancer is one of the most common cancer in
the world with the highest mortality rate in women. Chemotherapy is
the typical therapy for the cancer. However, it has side effects due to
damage to healthy cells. Targeted drug delivery by nano carriers to the
cancerous cells reduces the toxic side effects on normal cells. Serum al-
bumin is a widely used drug carrier because of its availability, ease of
preparation, and binding ability to various ligands. Attachment of iron
oxide nanoparticles to albumin can control their distribution by apply-
ing an external magnetic field.

Research Approach: In this study, 5-fluorouracil (5-FU) loaded albu-
min magnetic nanoparticles were synthesized using the desolvation
technique. The produced nanoparticles were characterized in terms of
size, surface charge, and drug entrapment, by dynamic light scattering
(DLS) and UV-Vis spectrophotometry. The cytotoxic effects of 5-FU-load-
ed magnetic albumin nanoparticles and free 5-FU on MCF-7 cells were
evaluated with the MTT assay. The internalization of nanoparticles in
MCF-7 cells was confirmed by Prussian blue staining. Finally, the effects
of nanoparticles on cell cycle and apoptosis were evaluated by flow cy-
tometry using propidium iodide.

Main Results: The mean particle size and zeta potential of 5-FU loaded
albumin nanoparticles and albumin magnetic nanoparticles were 220
nm, -25.8 mV, and 221 nm, -28 mV respectively. Drug entrapment effi-
ciency and drug loading efficiency were also, 20%, 1%, and 15%, and
0.06% for albumin nanoparticles and magnetic albumin nanoparticles
in turn. The drug-loaded magnetic albumin nanoparticles showed high-
er cytotoxicity than the free drug on MCF-7 cells. The cell cycle analysis
showed more cytotoxicity of albumin nanoparticles in comparison with
other groups. According to these results, it can be said that 5-FU loaded
magnetic albumin nanoparticles were more effective and deserve fur-
ther studies in the cancer treatment.
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Table 1 The diameter, zeta potential and polydispersity index of nanoparticles

Particles diameter | Zeta potential Polydispersity
(nm) (mV) index
BSA 140 -22 0.099
BSA-5FU 220 -25.8 0.18
M-BSA 189 -24 0.127
M-BSA-5FU 221 -28 0.185
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Fig. 1 The viability percentage of MCF-7 cells exposed to nanoparticles in different time-points (5,1 and 48 h). *
(P<0.05) shows there is a statistically significant difference between the marked groups.
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Fig. 2 Microscopy images of MCF-7 cells treated with nanoparticles after 48h. A) Control, B) 5-FU, C)
BSA, D) BSA-5FU, E) M-BSA, F) M-BSA-5FU, and G) M
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Fig. 3 the Microscopic images of cells after Prussian blue staining. A) Control, B) M-BSA, and C) M-BSA-5FU
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Fig. 4 Cell cycle graphs of MCF-7 treated with nanoparticles after 48h. A) Control, B) 5FU, C) BSA, D) BSA-5FU, E)
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Fig. 5 The phase composition percentage of MCF-7 cells treated with nanoparticles after 48h. * (P<0.05) shows there
is a statistically significant difference between the marked groups and control.

S ols ey g el Ginle) 48 058 0 ogmimo 0u s
oo 5l Jmols mols aS was ol 1) o34t
ool yo [V o] aS a_uu ) o, 5o g oal3 S8
Sl (rboliie gl Dlide il 09,9 5L o2l
i o5l L eas )ass V-MCF gla Jslous « Jslos
ol a5 G ik L slye o s sl i ST,
69l>_‘> u_.uo}».l" u‘)é9_>la 6‘)_> 4\_».».” ')5_"3_(5“ ool i
cé‘)" 69)10 9 9)10 69l_> er_JGL».Lo u.o.A}J‘ s_:‘)»)5_|l.t ‘s)lo
‘5]5.1_»4 tj)_a )_<)L».> FELY QHGA ocanl_iw Sub G) )IJ
u‘).)?_vl; o Sub G\ )lJ d—o,0 g Sl l_‘boa)f L)_" 5o
5 sloog)S 5l G 9,0 S5l (omblite (nse]]
g1 13556 so s Jol> moli an a g L .ol
@Lw)s)‘é )O 6‘05_dl4 rb‘y 9)10 651_> rw.».bl.».’uo

Ayl b ey jo wnblioe aedan

Ivol ws S5 sanliv

&S azeis ¥
B gl b bl sl Sl5s b
S Sagy b axslow Aeagly ol )0 48 Julygg0l0
S (P S KW] DR g BN | B N PR WK €
el YYY LV Fe gongasme 40 o0 i odgs &l,d4 30
Cal (g5l mdiadon gl el a5 ol cwoa
YA LS =YY & 00gd—2x0 O Q‘).59_§U 6l—’) J.»_....‘L..: 9
599 4 b9l (e (e )Ly 45T Eul g s
2l S eSS s eteg) Wl 51 L] ol
) et s S s s (s iale]
S 910 sglo (mrbliie egdl S35 U (o
clale b K0 oos aislw &l )3a 50 g Las (g5,00 40
ol O‘}_:.o ol—sj S i8S L ol Ol S |
a4 S oy b e ol ey Lo el 5l (6,5 i
S oo il Sl sla sl S Ly 5
b deelo gl sl (e Sy @SS e 45

A ok - oo ok 21 o gy (sl 4y G (Shpg R (oole aolidlad



wbond )18l mnbliie egdl S35k 31

&=l

[1] Hossen S., Hossain M.K., Basher M., Mia
M., Rahman M., Uddin M.]. Smart Nanocarrier-
Based Drug Delivery Systems for Cancer
Therapy and Toxicity Studies: A Review. Journal
of Advanced Research 2019 ,18-15:1

[2] Ak G., Yilmaz H., Sanlier S.H. Preparation
of  Magnetically = Responsive  Albumin
Nanospheres and in vitro Drug Release
Studies. Artificial Cells, Nanomedicine, and
Biotechnology 2014 ,26-42:18

[3] Armstrong K. Eisen A., Weber B.
Assessing the Risk of Breast Cancer. New
England Journal of Medicine 2000 ,71-342:564
[4] Panyam].,LabhasetwarV.Biodegradable
Nanoparticles for Drug and Gene Delivery
to Cells and Tissue. Advanced Drug Delivery
Reviews 2003 ,47-55:329

[5] Singhvi G., Rapalli VK, Nagpal S,
Dubey S.K., Saha R.N. Nanocarriers as Potential
Targeted Drug Delivery for Cancer Therapy.
Nanoscience in Medicine 2020 ,88-51 ,88-1:51
[6] Lohcharoenkal W.,, Wang L., Chen Y.C,,
Rojanasakul Y. Protein Nanoparticles as Drug
Delivery Carriers for Cancer Therapy. BioMed
Research International , 2014 ,12-1

[7] Martinez-Lépez AL, Pangua C,
Reboredo C., Campion R., Morales-Gracia J.,
Irache ].M. Protein-Based Nanoparticles for
Drug Delivery Purposes. International Journal
of Pharmaceutics, 2020 ,119289 :581

[8] Karami E., Behdani M. Kazemi-
Lomedasht F Albumin Nanoparticles as
Nanocarriers for Drug Delivery: Focusing on
Antibody and Nanobody Delivery and Albumin-
Based Drugs. Journal of Drug Delivery Science
and Technology 2020 ,55:101471

[9] Ulbrich K., Michaelis M., Rothweiler F,
Knobloch T, Sithisarn P. Interaction of Folate-
Conjugated Human Serum Albumin (HSA)
Nanoparticles with Tumour Cells. International
Journal of Pharmaceutics 2011 ,34-406:128
[10] Kouchakzadeh H. Hoseini M.S,
Shojaosadati S. Simultaneous Loading of
-5Florouracil and SPIONs in HSA Nanoparticles:
Optimization of Preparation, Characterization
and in vitro Drug Release Study. Nanomedicine
Journal 2016 ,42-35 :(1)3

[11] Andrade A, Ferreira R. Fabris J.,
Domingues R. Coating Nanomagnetic Particles
for Biomedical Applications. Biomedical
Engineering—Frontiers and Challenges, 2011

[12]  Estelrich ], Escribano E., Queralt
], Busquets M.A. Iron Oxide Nanoparticles
for Magnetically-Guided and Magnetically-
Responsive Drug Delivery. International Journal
of Molecular Sciences 2015 ,101-16:8070
[13] Ito A, Shinkai M., Honda H., Kobayashi
T. Medical Application of Functionalized
Magnetic Nanoparticles. Journal of Bioscience
and Bioengineering 2005 ,11-100:1

[14] Avval Z.M., Malekpour L. Raeisi F,
Babapoor A. Mousavi S.M. Introduction of
Magnetic and Supermagnetic Nanoparticles in
New Approach of Targeting Drug Delivery and
Cancer Therapy Application. Drug Metabolism
Reviews 2020 ,84-52:157

[15] Zeybek A. Sanlh-Mohamed G., Ak G.,
Yilmaz H., Sanlier S.H. In vitro Evaluation of
Doxorubicin-Incorporated Magnetic Albumin
Nanospheres. Chemical Biology & Drug Design
2014 ,15-84:108

[16] Asara Y., Marchal ].A.,, Carrasco E.,
Boulaiz H., Solinas G. Cadmium Modifies the Cell
Cycle and Apoptotic Profiles of Human Breast
Cancer Cells Treated with -5Fluorouracil.
International Journal of Molecular Sciences

2013 ,16-14:16600
[17] Maghsoudi A. Shojaosadati S.A,
Farahani E.V. -5Fluorouracil-Loaded BSA

Nanoparticles: Formulation Optimization and
in vitro Release Study. Aaps Pharmscitech
2008 ,6-9:1092

[18] Huang P, Li Z, Hu H., Cui D. Synthesis
and Characterization of Bovine Serum Albumin-
Conjugated Copper Sulfide Nanocomposites.
Journal of Nanomaterials, 2010

[19] Bagheri F, Safarian S. Eslaminejad
M.B., Sheibani N. siRNA-Mediated Knock-Down
of DFF45 Amplifies Doxorubicin Therapeutic
Effects in Breast Cancer Cells. Cellular Oncology
2013 ,26-36:515

[20] Zolnik B.S., Gonzilez-Fernandez A,
Sadrieh N., Dobrovolskaia M.A. Mini review:
Nanoparticles and the Immune System.
Endocrinology. 2010 ,65-458:(2)151
[21] Danaei M., Dehghankhold M., Ataei S.,
Hasanzadeh Davarani F, Javanmard R., Dokhani
A., Khorasani S., Mozafari M.R. Impact of Particle
Size and Polydispersity Index on the Clinical
Applications of Lipidic Nanocarrier Systems.
Pharmaceutics 2018 ,57:(2)10

[22] Frei E. Albumin Binding Ligands and

oy = (o (oiien 69, Slo Siagly (sl ah) o (A (oede alidlad P



Albumin Conjugate Uptake by Cancer Cells.
Diabetology & Metabolic Syndrome. ,4-1:(1)3
2011

[23] Kratz F, Elsadek B. Clinical Impact of
Serum Proteins on Drug Delivery. Journal of
Controlled Release, 2012 ,45-429:(2)161
[24] Setayesh A., Bagheri F,, Boddohi S. Self-
Assembled Formation of Chondroitin Sulfate-
Based Micellar Nanogel for Curcumin Delivery
to Breast Cancer Cells. International Journal of
Biological Macromolecule , 2020 ,778-161:771
[25] Saleh E., EI-Awady R., Anis N. Predictive
Markers for the Response to -5Fluorouracil
Therapy in Cancer Cells: Constant-Field
Gel Electrophoresis as a Tool for Prediction
of  Response to -5Fluorouracil-Based
Chemotherapy. Oncology Letters 2013 ,7-5:321

P ok - oo oo 69 b Giagh (ol Ay (o (g (oole aolibad

o o 38 blise pras T S350 1



