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Abstract — A drug delivery system (DDS) based on nanoparticles has been used as a mediator to improve the efficacy
of a drug by controlling the amount of drug released and delivering it to a target place. Chitosan, which is non-toxic and
biodegradable, has good biocompatibility and excellent adsorption, so it can be used as a drug delivery vehicle. Valine,
the essential amino acids, helps muscle growth and tissue recovery, and along with other amino acids. It lowers blood
sugar levels and increases growth hormone production. In this study, Valine was adsorbed on magnetic chitosan which is
capable of drug absorption, and Fe;O,-Valine CNPs was prepared through cross-linking with TPP (Tripolyphosphate).
And then absorption and release trends of valine were investigated with the Fe;O,-Valine CNPs. Fe;O,, which has
relatively high stability, is used to make the drug carrier magnetic so that the drug can be delivered to a target place. At
optimal conditions, the absorption and release tendency of Fe;O,-Valine CNP was confirmed by analyzing by UV-Vis
through the Ninhydrin test which is the color reaction of amino acids and by measuring the size of the particles, it was
confirmed that it is suitable as a drug carrier.
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Drug Delivery Study on Chitosan Nanoparticles Using Iron Oxide (II, III) and Valine

LN E Age] A BAR ohlek AR YT 5 G the 7%
o e 3 glek. OFE-S HEA 0T Ashe F9lo] HEHOZ
A]2<8)(Drug Delivery System, DDS)& U Slael]  Aekshan, S47k Solsbl shof ok el A Sujatehs

HAS F5E 5 TS Sh= Ao 4%

ARG 7T, 2ok $AES AnslhNE o

e} of

"To whom correspondence should be addressed.

E-mail: ijkang@gachon.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

514

P o R BaA) obg Ak Ql77} ol Felxm
[1-4].

Chitosan> 2H72] A4
Fger A 1R, Ao

[}
71A ok ALAZ o] 48 4 9]

=3
=

o] ZA8K= Chiting & oM E 3ls}o]
oL s doler T2 Al A4S

t}. Chitosane =432 &2



Iron oxide(II, 12} ValineS- o]

— U > >
TPP sol.| [Centrifugation

Chitosan
Fe,O,

Valine sol.

Scheme 1. Process and molecule structure of Fe;O,-Valine CNPs.
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oxide:= A 1L =B A AN EE 99.9%, USA)OIA #9184 a1,
HPLC Water(s=% 99.9%), Sodium hydroxidei= Duksan*H(s= 5
99.9%, Korea)°l| 4] %13} ). Glacial acetic acid, Sodium acetate
anhydrous, Hydrochloric acid= Daejung(:=5 99%, Korea)?] #|&-&
A48 Th PBS (Phosphate Buffered Saline) Welgene(= %=
99%, Korea)| A& AF-8F%1 3L, Ninhydrin (Triketohydrindene
Hydrate) Wako(== 99%, Japan)2] Al#-S AHE-SFAT. 413t
AlokES F7F A 378 glo] ARgaict.

Ad Al pHE 57317] £3589 pH meter (Thermo, USA), Y-
Akl A71E S5 3H7] 93+ Electrophoretic Light Scattering
(ELS-8000, Otsuka Electronics, Japan), 35 4! A& #2445 95}k
¢ Scanning Electron Microscope - Energy Dispersive Spectrometer
(S-4700, Hitachi’s, Japan)E A}-8-3}31 0} 2H-8-7] 415 9] 5)o]
Fourier Transform Infrared Spectroscope (Vertex70, Bruker, German),
ARFZE F24317] $138F] High resolution X-ray diffractometer
with high-temperature stage (Smartlab XRD, Rigaku, USA), Ninhydrin
test Al T3 % 5745 918197 Ultraviolet-Visible Spectroscope (HP
8453, Agilent Technologies, USAYS A8-5157 T}

2-2. CNPs (Chitosan nanoparticles)2| H|Z=

50 ml vial®l| Chitosan powder 0.06 g, Acetic acid 30 ul& =1L
F 2713k 5 HPLC water 29.91 mlZ 21 60 °C, 1500 rpm ©. 2
IAIZE E9F wHkeket, 0.1 wt% TPP solution 20 mlE A Z3ko] H
21S o] g3lo] HHF] Y3 g Wolrg]a A7 B¢k wRlst
t}. 20 °C, 5500 rpm . 204 F3F AAelet &, A5 A} B-2ls)
o] HPLC water 29.91 mlof] #4kA71H CNPs= &2 = QItH19].

2-3. Fe;0, CNPs2| H|=

50 ml vial®ll Chitosan powder 0.06 g2} 0.001g, 0.005g%]
Fe;0, powders 22} Y11, HPLC water | mlIE ¥ & 4] 4°C
oA 2RISR WAR IS Sl

Acetic acid 30 pl2} HPLC water 28.91 mlE € 3L 60 °C, 1500 rpm .S
2 IAZE FF mksic) 0] % 0.1 wit% TPP solution 20 miE H-3
& o]-g3to] :FE] AGsk SE7 "ojreg] . (A)7F Tk wREE
t}. 20 °C, 5500 rpm .2 20 F<F G4 d & A A} e
3to] HPLC water 29.91 mlell 2t7} 24FA] 719 0.001 g Fe;0,
CNPs, 0.005 g Fe;0, CNPs= 95 5= QItH20-21].

2-4. Fe;0,-Valine CNPs2| K=

50 ml vial®]l Chitosan powder 0.06 g2} Fe;O, powder 0.005 g=
Y31, 3755 Valine solution (0.5 g Valine/Iml solution) 1 mIE Y3
ZF 4o] 4°Col| A 24175t WA RIS ST Acetic acid 30 pl2t
HPLC water 28.91 mI& ¥ 3 60 °C, 1500 rpm S 2 1A[3F 53t
HE3IC}, 0] 3 0.1 wt% TPP solution 20 mIE H-E1S- 0]-&-3Fo] 21%13]
A3t 2 Hojreg] 3 1A]7F 5<% WRESHY. 20 °C, 5500 rppm
O % 20 &<t AT ¥, A5 o3 f2lske] HPLC water
29.91 mlefl 217} FAIAI7]W 0.005 g Fe;0,-Valine CNPsE €& =
Art.

2-5. Z|Xo| ZFZMIM Valine solution2| Ninhydrin test
Valine solution®l] T3+ Ninhydrin test:= pH 3.5, 4.5, 5.52] 0.1 M
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Acetate bufferel] Z} 552 Valine solution?} Ninhydrin solutions-
131 85,90, 95 °CellA] 8, 10, 12, 1532 BF TS 3|2 Valine
solution®] Ninhydrin testel 4] pH 5.5, 95 °C, 15%-¢]g}= & & 9
Eir

Z} 10ml vialell 0.1 M pH 5.5 Acetate buffer 3 ml, Valine solution
(0.02 wt% ~ 0.10 wt%) 1 ml, 1 wt% Ninhydrin solution 1 ml& ¥ 1!
ZAolE F 95 °CollM 153 EF 8] UV-Vis® 855 5
781 standard curves 9= 5 UTH

Fe;04-Valine CNPs A3 A] AAEE] -] A59s 2l 22
Z7104] Ninhydrin tests X&) UV-VisZ F4EE S7d31]
standard curve®l] th3J3FH Fe;0, CNPso] &3t Valine®] 47} &
FEE T T Ak A F2 =9 Ak= PBS (Phosphate
Buffered Saline) 29.91 mlol| ®2FA1A 37 °C, 1000 rpm .2 WHEA|
71 A A7tttk 1 mI% Ninhydrin tests 23] 30}, UV-VisZ
HEE 57d3}] standard curveell thddHH Fe;04-Valine CNPs
WE9 Valine®] ¥ F5-&ol W W8S 78 7 Ak

1o mloy

3. 80 3 o

Fig. 1> CNPs, Fe;0,, Fe;0, CNPs, Fe;0,-Valine CNPs2] 2-&-
715 FTIRS o] &-3to] QlakSith CNPst 3700-3584 cm,
3550-3200 cm™, 1420-1330 cm™'ol| 4] O-H, 3350-3310 cm™!, 1650-
1580 cm™ o] 4 N-H, 3000-2840 cm™ ol 4] C-H, 1124-1087 cm'ol| ]
C-0, 3700-3584 cm™!, 1080-764 cm™'ollA] P-O A3HS- gHolakaiTh,
P-O A%k chitosanoli= 1= 574 0]7] Wi Chitosan¥} TPP <~
golo) 7lw ) & Ao} CNPs7) WHEo A A8 2H1&13it). Pure
Fe;0,= 570-500 em™'ellA] 524191 12327} Vrebsk=t] peak 7}
HHARE CNPs9} Fe;0, CNPs2] 21 gt 12 32.2] 2}o]7} §17] o
1ol Fe;0,7F CNPsell F21=] Qlekar shdkaaiet.
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Fig. 1. FT-IR spectra for CNPs, Fe;O,4, 0.001 g Fe;O, CNPs, 0.005 g
Fe;0, CNPs, 0.005g Fe;0,-Valine CNPs.
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Fig. 2. XRD analysis of CNPs, Fe;O,, 0.001 g Fe;O, CNPs, 0.005 g
Fe;04 CNPs, 0.005 g Fe;O,-Valine CNPs.
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Valine CNPs®] A% 725 481300t CNPsi= 5749 A7o] Ql=
YAFE peak7} FH E A ho% 21, Fey0,1= (220), (311), (400),
(422), (511), (410)°l14 peak”} YFEFSETE FeyO, CNPsS] 749,
Fe;0,2] %S 0.001 g} 0.005 g2 A2 E 3131t} 0.001 g Fe;0,
CNPsel| 4= CNPs2] 7 &Fo] A YEFaL, 0.005 g Fe;0, CNPs=
Fe;0,2] peak7} O 558} ¥+ 5] Q1T Fe;0,-Valine CNPs<>
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Fig. 3= CNPs&} Fe;0,-Valine CNPs2] Y&} 27]& DLSE =
A Aot TPP -8-919] F127}t S7F5 CNPse] #70]
7147] wiZell 0.1 wi% TPP -85 ARE-SIGITh ANk 0 7 of
E AGAE 100~300 nm 2719) YRS F2 AL, AlzE ¢
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28] A715= 229 nmE 57 Hof ok= AGA R APl s

15,0V 11.8mm x100k

Fig. 4. SEM image of CNPs and Val.-Fe;O, CNPs.
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Fig. 3. Size Measurement of CNPs, Fe;O,-Valine CNPs.
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Y 4= 2243 EDX Analysis©] U CNPs*= C, H, O, PQ] 94 =,
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o] Fo] A Q1= EDX 4 Al At 2 7P AL peak 7} oFSF
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CNP: . . FesO. . .
> Weight% | Atomic% e Weight% | Atomic%
Element Element
C 29.50 36.19 Fe 36.65 66.88
(o] 68.02 62.63 o 63.35 33.12
P 248 1.18
Totals 100.00 Totals 100.00
Fe;0.4 Fe;04-Val.
CNPs | wWeight% | Atomic% [|__CNPs | Weight% | Atomic%
Element Element
C 56.33 64.95 C 23.76 35.45
(o] 37.95 32.84 o 3713 41.59
p 3.97 4.74 P 6.69 3.87
Fe 1.75 2.09 Fe 4.58 1.47
Totals 100.00 Totals 100.00

Fig. 5. EDX analysis of CNPs, Fe;0,, Fe;O, CNPs, Fe;O,-Valine

CNPs.
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Fig. 6. TGA analysis of CNPs, 0.001 g Fe;O, CNPs 4, 0.005 g Fe;O, CNPs, 0.005 g Fe;O,-Valine CNPs.
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Fig. 7. Standard curve for Valine solution at 569 nm.
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Fig. 8. UV spectra for Valine release of Fe;O,-Valine CNPs.
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Valine CNPst= 229 nm @& o FaddA| 2 A det 72 5453
t}. SEM image o141 % 100~300 nm®] 712 A2 Ko XTh
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& 2 71 EAY e A Al 2 Yl 21s 1831, Valine
A 7| EAR Ve S ALel] tieliA = Sito] As i B

¢

flo

7| B2 Yeqizfe] oFEdd A 519

o] =4kel Valineol] tf3t F5-&, WE&S 574513} Valineol|
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