Appl. Chem. Eng., Vol. 34, No. 2, April 2023, 121-125
https://doi.org/10.14478/ace.2023.1004 |

CieFst

Preparation and Characterization of Casein Nanoparticles with Various Metal Ions as

Article

A (=) = [ | = Chs
=25 0|23 0j=¢et M2l EHEA LE=RIX SN L o= MEN|
ZaiE - 0]&7| - FHEAT
Tt Aslete
2023\ 1€ 59 A, 2023 1€ 309 7, 2023 29 4 A=)

Drug Delivery Systems
Minju Kim, Seulgi Lee and Joon Sig Choi "

Department of Biochemistry, Chungnam National University, Daejeon 34134, Republic of Korea
(Received January 5, 2023; Revised January 30, 2023; Accepted February 4, 2023)

E
A (cascin) & EFFE SR MAHE GUAR FHAAE 80% o FHEo] ULk Alwe] B o
20-45%7F 23] glom @A Aol ob olm W Akl A AHGH T QT AL SR TEE U
£ 5ol W] Sgelold vlol A A7} £510) AF5slol b ShEE $AY 5 Sk mek w1
A AR RS 23 ol PR AYAZA HAFH 5L A B ATAAE B4 ol 9] H1v,
oI H 5 A U S G % ol @& ASiod 2424 B A9 ki) 3 949 208 s
$4 e 2715 Ak 49 292 Bal 150 nm 0|5k FAT Aol =E A4 SAHE W el o}

QRS AU, T, 2170 A s} Hela AZTEONA 80% o149 AEES e She ALE 54
& S, A el el AlF SkERA Ul ASE Bse] AE R ERHOE fUPE T
W Avido AFs B A5 Fal Axy shel thedae) ok AgAzAe bsae sk

Abstract

Casein is a milk protein and one of the most important nutrients in milk. The composition is over 80% in cow’s milk and
about 20~45% in human’s milk. Casein is highly biocompatible and biodegradable, so it has been studied for various bio-
medical materials applications as well as drug delivery systems. It is widely known that casein can be prepared as nano-
particles in the presence of the Ca*" metal ion. Because casein is amphiphilic, hydrophobic drugs could be loaded inside to
form a protein-based drug delivery system. In this study, we studied the optimum conditions for casein nanoparticle formation
using natural metal ions present in the body, such as calcium, magnesium, zinc, and iron. It was confirmed that nanoparticles
have a uniform size of around 150 nm and negative zeta potential values. In addition, it was demonstrated that casein nano-
particles have a cell viability of more than 80% and efficient intracellular uptake properties using confocal microscopy. From
the results, it was also shown that the casein nanoparticles prepared using various metal ions have the potential to be bio-
compatible drug delivery carriers.
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2.1. A8z
2 Ao A A% sodium caseinate (NaCas), calcium chloride di-
hydrate (CaCl,), iron(1l) chloride (FeCly), zinc chloride (ZnCly), nile
red, methanol (MeOH), dimethyl sulfoxide (DMSO)+:= Sigma-Aldrich
(St. Louis, MO, USA)AFllA 7+918}31 ). Magnesium chloride hexahy-
drate (MgCly)i= Duksan (Ansan, Korea)ol4l 3!t} Dulbecco’s
modified eagle’s medium (DMEM), Dulbecco’s phosphate buffered sal-
ine (DPBS), fetal bovine serum (FBS): Welgene (Gyeongsan, Korea)©]|
A skt Trypsin-ethylenediamine- tetraacetic acid (EDTA) sol-
ution¥} antibiotic-antimycotic (100x)+= Gibco (Gaithersburg, MD, USA)
ALef|A] HQ18FATE. WST-8 assay cell viability kiti= Biomax (Seoul,
Korea)ollA] ]85t 4', 6-diamidino-2-phenylindole (DAPT)i= Thermo
Fisher Scientific (Waltham, MA, USA)AFollA] FFuljakict.

2.2. Casein L}=QIK}
NaCasE S0l 5501 2% €9& F0l8kt10]. 7HAA 2% &
FEAS HF 527 425 mM, 7.5 mM, 10

A 3 mLe} 25 o i
mM, 12.5 mM, 15 mM, 20 mM©] =5 H7skal 158 F<t wwksk

SN

23kt Ml 34 & M 2 &, 2023

Stk ¥ 2,000 rpmollA] 2+ E<F
sk FHAIR) YielAke] A7) FA A =7 7] ELSZ-20008
(Photal Otsuka Electronics, Otsuka, Japan)S ©]-&-3lf =
™ 3= Zetasizer Nano ZS (Malvern, London, UK)=
2.3. Cell media, DPBS L QFHN
DPBS, serum-free DMEM, full DMEM &40l ZH2}+ 7hA|Q) vegl 2t
5 2477k 59 EAIFTE DLSE 44K 27] Wgks S3eth

2.4. 7121 LHcRIXE =4 HIt
M3+ HeLa (human epithelial ovary carcinoma)E AHE-3FATE
FBS 10%$%} 1% antibioticsS ¥ 3 DMEM©.% 37 °C, 5% CO,°llA
HloFAZTE ME U 542 Hr1el7] 23] WST-8 assay S 53
It} 96 well platell 10,000 cells/well2] AES 37 °C, 5% CO,0lA]
24717k voF Fof casein/CaCl,, casein/MgCl,, casein/ZnCly, casein/
FeCL,Z 0.125, 0.25, 0.50, 1.00, 2.00 mg/mL%] FLZ FH|3}] 10
uLA H2)skleh tlZa- 2 2 PEI 25kDas A 2|8kal 24417F Fofl
WST-8 Al9FS 7+ welloll 10 pL® #2] Fof] ELIZA VERSAmax mi-
croplate reader (Molecular devices, Sunnyvale, CA, USA)E AF&-5}o]
450 nmelA FFEE S4sISith
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U d=(nile red)S WEHol | mgmLsERE Ho)11, F2 Blo]
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3.5 mM, FeClhbt 3 mM). X]2] ¥, 18417+ F<2 4 °CollA wrkslich
18417+ 5, 3,000 rpmellA] 2323+ A4lEE]ste] SNt 4538190tk
UV-Vis spectrophotometer (Optizen POP, K Lab, Daejeon, Korea)=
555 nm PG HREE Ssiel el d=o] BEst w
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HeLa A3EE 8 well platel] 20,000 cell/well 2 &35}, 24A]7F
HiFstich YdH = B9 7R g b aS Akl ca-
sein/CaCl,, casein/MgCl,, casein/ZnCl,, casein/FeCl,2] U d= #HF
FE7F 1 opgml7t HES Atk tixdoEze WdHeE
DMSO 0.1%°] o] 543 F=F A5kt 24A17F $ Hoechst
33258% NS At FFF HAvH Zeiss LSM 880 (Zeiss,

Oberkochen, Germany)© % #2-3}3ITh
3. 43t ¥ nFE
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Figure 1. Mean diameter of casein nanoparticles at different ion
concentrations (a) casein/CaCl,, (b) casein/MgCl,, (¢) casein/ZnCl,, (d)
casein/FeCl,, (e)casein/KCl.

Table 1. Characterization of Casein Nanoparticles

Mean Polydispersity Zeta
Sample Diameter index potential

(nm) (PDI) (mV)
casein only 3564 + 6.9 0.25 -13.60 + 2.33
casein/CaCl, 10 mM  105.7 + 2.7 0.17 =771 £ 0.88
casei/MgCl, 10 mM 1293 + 1.6 0.22 -6.75 £ 0.81
casein/ZnCl, 3.5 mM  120.1 + 2.6 0.29 -9.25 £ 0.97
casein/FeCl, 3 mM 125.6 + 3.1 0.35 -15.53 £ 0.35
casein/KCl 10 mM 3513 + 8.6 0.29 -0.31 + 0.15

able 1). casein/ZnCL %} casein/FeCh> =55 o] FHF FE
Table 1). in/ZnCl, 2} in/FeCl,= =% ©]2 HF 557} 4 mM
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Table 2. Characterization of Nile red-encapsulated Casein NP

Loading Encapsulation Mean Polydispersity
Sample Amount Efficiency Diameter index
(ug/mL) (%) (nm) (PDD)
casein/CaCl, 11.58 359 148.1 0.16
casein/MgCl, 9.28 28.8 169.2 0.17
casein/ZnCl, 11.91 36.9 101.7 0.18
casein/FeCl, 7.64 23.7 127.1 0.30
(a) casein/CaCl, (b) casein/MgCl,
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Figure 2. Stability test of casein NP in PBS, serum free DMEM and
full DMEM media. Samples were incubated for 24 h and measured
using DLS.
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2). 3t DLSZE A7)& &4% A7 & YA7F 100~150 nm= 7Y
SF v Alo]=9ls gRlE 4 Atk
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3.2. FIMQI LECQIRIe| QYA Tt

FHAIQ) Heqlate] 3173 wisle]l whE Q)ke] oS sk §l
3 Z+zF DPBSSl HiekeNe] FBSE e uirjo] 9 A 9] d(serum
free) wTlofell 7RAIQ1 theQIakE 24413 1mEAIZ] § DLSE Ak
2715 573kt Figure 2). 1 A3}, CaCl,i= DPBSS] 714 <F
20 nm7} S7Pel 718 vEe, 22t FBSE AlSlskzv A e
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Figure 3. Evaluation of cell cytotoxicity using WST-8 assay in HeLa
cells.
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Figure 4. Confocal microscopy images of HeLa cells incubated with
casein NP/Nile red (a) cell only, (b) DMSO only (final 0.1%), (c) Nile
red only (DMSO 0.1%), (d) casein/CaCl,, (e) casein/MgClL, (f)
casein/ZnCl,, (g) casein/FeCl,. Nile red = 1 ug/mL each. Scale bar =
20 pm.
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