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ks A A|2~El(Drug Delivery System, DDS) Q1 Al|of] @AYsH Agks X5 & u] &8 g8 o7 Fols
M oFEARl gt §-2-8-S FHasletar, oFE] a5g Hulgte R FABY] fla 7E] L e oFEol
L ANER A0 AlFE Al Exke] R R S HASshs BAS A Fshs 71ER FeolHt. & Al
1= Tripolyphosphate (TPP)S] %7} 71 EANAS] 7w A %S §3te] A== Chitosan nanoparticles (CNPs)] =7]
o mA= JFE St TPPY] %7/t Wers: 22 3719 At A= AS EAslch 1 Akskd
(Fe;0,)2] ol 2 CNPs-Fe,0,8] 548 5743191 Fe;0,2) 9o) W= 2M] 2 AdA|ZH 2] EA4Jo] 2 e}
Fe Gtk d8] =9 Wh§-(Ninhydrin test)E $-3F0] #4155 7-7H0.004~0.02 wi%) ol A= Y = 0.00373 exp
(179.729X) - 0.0114 (R* = 0.989), 155 T-7H(0.02~0. 1wt%)e A= Y = 21.680X - 0.290 (R? = 0.999) 2] y-aminobutyric
acid (GABA)S| Fxof b S At o] ARAS A3l S8 $lsto] YolFE GABAS] el e 3
o E80] BAA Y = -136.527 exp [(-90.0862)X] + 64.724 (R? = 0.997) = ¥glon], Z7]o] WolFE= GABAY
o] oF 0.04 g?l ARFH= oF 62.5%2 F5&0] YA AL, A7t M2 GABA-Fe;0,-CNPsZH-H HE5 =
GABAS] & S350 oF 24 hr o]FH of= WEo] TRE= As gRIsIiT). Bgk A9 271004 vkzolxl
GABA-Fe;0,-CNPsi= °F 150 nm®] 78 J=joln], 1o w §iRke] EAdo] & Uehh= 21& gRlsto] o= ddA|

24 APTE & 99,

Abstract — The Drug Delivery System (DDS) is defined as a technology for designing existing or new drug formulations
and optimizing drug treatment. DDS is designed to efficiently deliver drugs for the care of diseases, minimize the side
effects of drug, and maximize drug efficacy. In this study, the optimization of tripolyphosphate (TPP) concentration on the
size of Chitosan nanoparticles (CNPs) produced by crosslinking with chitosan was measured. In addition, the characteristics
of Fe;0,-CNPs according to the amount of iron oxide (Fe;0,) were measured, and it was confirmed that the higher the
amount of Fe;0,, the better the characteristics as a magnetic drug carrier were displayed. Through the ninhydrin reaction, a
calibration curve was obtained according to the concentration of y-aminobutyric acid (GABA) of Y =0.00373exp
(179.729X)-0.0114 (R? = 0.989) in the low concentration (0.004 to 0.02 wt%) and Y = 21.680X-0.290 (R? =0.999) in
the high concentration (0.02 to 0.1 wt%). Absorption was constant at about 62.5% above 0.04 g of initial GABA. In
addition, the amount of GABA released from GABA-Fe;0,-CNPs over time was measured to confirm that drug release
was terminated after about 24 hr. Finally, GABA-Fe;0,-CNPs performed under the optimal conditions were spherical
particles of about 150 nm, and it was confirmed that the properties of the particles appear well, indicating that GABA-
Fe;0,-CNPs were suitable as drug carriers.
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UHHARQI e A2 A7 52 AWFAL 5= B3] o] Fo)A]
w, % 3| k=] BAF-A] EEsh= AlRto] Ao 1 3y
oA £AlE = oFEo] Wokt), ek okE FvF At W] oo
2 FoAY wolAS RIS Ho] EF oFE w5 A
A=A FobA] k= o] A &2l Foi7t B Qs 5= 5 ol
Aol WAyttt o] sh A S Hekely] f]st o7 o5t
gl ojokgta A7t x1dE|l o, 71 F DDSF 7|& e &
£& Fol1 oFE-g sk F-4lo anH R HISIES AP S
AASE 71|t 1-5]. tiF-2] ok A A" PZT, g
2, WAt T AETF AR E Ot kel W T
Z AA7} Hofof sttt o] st S 3 Aslr] flste] AR
A1 Chitosans: AHE-8HATH6-10].

A A 5] 32HRelA 22 5 i 719 (Chitin)] N-o}A]
E7]E golH ES} A[AA THE 7] EAK(Chitosan)yS A1 11FALE
Al E7do] A, ARad e B A o dgse 9l 5
ot A A 0= Qlste] thekst nlo] @ Fofe] Aol 485
31 8t} Chitosan> &-vljol] thgk g-3l1/do] Fo} 2] o] &
olatar, et FAEE 7 aL o n R oHE 54 W 54 v
A 5= @7 FEA AF 5= ATH11-14]. Chitosan®] 7]
off EASh= oF7|({NH)E A3l o] A4S dA E4AZ
woH, FAskE HolA FHstE & TP WA 71 7Hil
& F3lo] CNPsE ¥ F° Qith. 919] 5735 wiiell Chitosan
FEI B3 E o] F oFES I HEshs oEs sk Bl
4 Qlt}. Chitosan®] o} 7](-NH,)E 423 2710 pKa <
Selld EAdsldckar & A leh15-18].

Sk AA 23] W A 07 Asto] A ILEAFE] 71A1A
7 73S A 7 QU Fes0,5 AHBHHEA o] &
YRR Hol 2rola, THE F4 R T Py 3t
d o 7P AL QA ot 4 oF= AdAl Bl 24 38
e ookt A28t ool A ARGE L QITH19-21]. /A3
ARFE] E3& A= Fe,045= A1) e Wle AVd& HA ¢
A9E 27 17go] EAEHE ZeE A& vEhlo] Hold 2] A&
UERTE Fe,0,5 oFE AeAlel =4dahd oFa AgAl7F A&
HA| o], A A= s A AL T Svh22].

GABAY XA-72] ¥ oA SFEALOE FE] ST geka
B2~(GAD, glutamic acid decarboxylase)°l] 2]3]] "HE0]X]= 5o
Sk otu|iAko B S A ] EASH] AFAES] TS A
sh= A A 242 4elA Utk GABAE WA= 154
=7 ARl ] EAehE vt A A op|ieato w2 Abke]
A1) YellA = A8 AAl, ddiulel] 550 9la B25o] =54
of| EAte] ol Fd olgh= 4l Y B9 w5F T7HAIA
H71ss AT A, s, B 571 58 AEFAoE F
B BAsks AW S oAy Adsta, EHEAl, 254 5
S g HE ] Al g THAT = A H|9E AAlshE 53
52 o] WA =8 = 7154 AdRolth GADel 2El &
A A7 g B2 GABASL T/ A1 H 21
2] s =Tt AT 71708k 17 GABA S Q%S 25 A
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o]t}23-27].

=5 GABAS] F4 = 180~195 nm?] 4l 97
57850 e HERA ekt sinE 271 o] 8-l
T FA) o5 &7 of k. whtell F7HA Q1 IS Esto]
A -5 glsfiok shr, tharA ]l W O = ofr|Aite] A4
U3 =" RES-(Ninhydrin Test)}> 5792 obu| =4
1591 89 B 849 l)e skl 7k
H, FEE 570 nmell M RS vt of]iedt 2]
7], obgl F = g ATt 22 proline?t - 43 o)
U= o] th2 a1 T Kok v S de s/ e
veAbe] Fo] ARnkE Y], o] ARntE || HE A
O 2 Tash, ofu|eAte] AR A0 7 2AlE Aok §l
ot ds| =83} ol 3hekEo] Hhg-ate] AlE|wlo] A H ), AE]
oA gghite] dojupdar] drinle] A/, duls] =7t 2]
wiA] obnlo] AT ofnl e B o 3| =/ At shutel vk
58101 FREARY (Ruhemann’s purple)s 375k ofvmake] 744
Hhg-o] Aojir}28,29].

& ATellM = TPPY] 5527} Chitosan¥t TPPE] 7Fu A 3-S5
3tof AlZE= CNPse] =17]¢l] vAl= 9 S48 1e]aL
Fe;0,2] &= WSIA7|M CNPs-Fe;0,0] 5735 574317 Fe;0,°
goll whZ 1Ake] 545 SRIsIgit. o] FrE flsto] 27
o YoiF= GABAY <& W37 F&& S5t Lol
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2-1. M2 Y EA|

2 A3 oA AFE-¥ Sodium Tripolyphosphate, y-aminobutyric
acid, Tron (11, I oxide= A 1w} =2 A AHUSA)OI A -4 3F31 3L,
HPLC Water, 99.9% Ethyl alcohol, Sodium hydroxide:= DuksanA}
(Korea)ll A -3} 31, Glacial acetic acid, Sodium acetate
anhydrous, Hydrochloric acidi= Daejung (Korea)] #|&-5 AF2-3}F
&3t} PBS (Phosphate Buffered Saline)> Welgene (Korea)2] #|3%=
A}2-3}91 I, Ninhydrin (Triketohydrindene Hydrate)-> Wako (Japan)
o] A& AHESISITE T AloFES 57 A 3 glo] ARg-
3I3ltt.

Y AYPFe] Ml s FaolRFEE S48 $l8te] pH
meter (Thermo, USA), Al ® A=} A71E #4317 ¢35t
Dynamic Light Scattering (BI-9000AT, Brookhaven, USA), 3 El
AR F4E $35t9] Scanning Electron Microscope-Energy
Dispersive Spectrometer (S-4700, Hitachi’s, Japan)S A}-&-3}53 T},
5719 EAAF-E BI57] £151] Fourier Transform Infrared
Spectroscope (Vertex70, Bruker, German), @1l 2]+ J25-2] W3} 4l
& 2% #E-S 918k Thermogravimetric Analysis-Differential
Scanning Calorimeter (SDT-Q600, TA instrument, USA), A7 1%
1292 915107 X-ray Diffraction (D/Max-2200, Rigaku, USA), AHd -
215 §138Fo] Vibrating-sample magnetometer (VSM 7404, LakeShore,
USA)S AF23}9 Tl Ninhydrin test 3 4% =4S 935}
Ultraviolet-Visible Spectroscope (HP 8453, Agilent Technologies,
USA)S AME-3ISI L
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2-2. AlE{ulH
2-2-1. CNPs&] A%
Chitosan powder 0.06 g= 50 ml vial®ll ¥ ¥, Acetic acid
30 ul, HPLC water 29.91 mlE ¥ 3L 1A 5<F 60 °ColA] mrtsk
o} 1 % 557 o TPP -8 9(0.1~0.5 wt%) 20 mIS H-31
ol-gste] & X*?& L ol 3 1AIRF FRt —r7} Wk
5500 rpm, 20 °CollA] 203 7+ LalEa]sle] A5oe B
HPLC water 29.91 mlol] 27| F-AkA|71H CNPSE A&
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2-2-2. Fe;0,-CNPs?] A%

Chitosan powder 0.06 g= 50 ml vialoll ¥ $ Fe;0, powder
(0.001~0.005 g)2} HPLC water 200 plZ @il 2 &Jojs= & g

of Al 1A1Z5<t QP8 $Iske] ST 1 - Acetic acid 30 pl,
HPLC water 29.91 mlZ L*L 1A ZHESE 60 °Coll A mykEhT)
0.1 wt% TPP =£-9 20 mIE F21S o]8alo] A3 = "ol
T AR R bR ﬂﬂ&é&ﬁk 5500 rpm, 20 °CollA] 205 7+
AR ste] A Eldl = -, HPLC water 29.91 mlel] 3L
2 EAZ)9E Fe,0,-CNPsE 42 5= 20th30,31].

2-2-3. GABA-Fe;0,4-Chitosan nanoparticles Xﬂ"

Chitosan powder 0.06 g5 50 ml vial®ll ¥-> ¥ Fe,0, powder
0.005 g} 57} E}E GABA F£9 200 pl (0.01~0.05 g GABA
/200 pl solution) = ¥ il 2 HojF & WA oA 1A 7HE2t 9F
3= 95t B ?l'\’/]- 71 % Acetic acid 30 pl, HPLC water
29.91 mIE 91 1A7HE3E 60 °Col A i RkHeE. 0.1 wt% TPP 5=
_Q_ou 20 ml%__ %E}lg o] o}—(ﬁ 012-13]— _/}:I:E tl:-]c»}l:\:g]_]~ 1 ;\]7]_
Z7}2 RSt 5500 rpm, 20 °CollA] 20871 A R-g) 5o

%‘ £ 83l & $, HPLC water 29.91 mlo]] 212 A] #-4HA] 7]
W GABA-Fe;0,-CNPs= 95 4= QIth

2-2-4. Ninhydrin test

10 ml vialoll %7} ©F2 GABA F=-£9(0.004~0.1wt%) 1 ml2}
pH 72] 02 M Acetate buffer 3 mlE 1 =3+ WA AT FH, 0.5 wit%
Ninhydrin solution 1mlE 3 7}sle] 187 wHEAIZITE 1 3,
95 °CollA] 153t & T8-E 35 FRE (Ruhemann’s purple)
o7 A nkgo] elofub] AbkoA AeF F FHEE S5
GABA F8-99] kol & A& Zgsitt.

e e N Na' N
~ -~ o o
| 0 — | |
0 0 ZINZIN /TN
~ -~ e | N | S | hNTve
Fe 0 0 (0]
Fe;0, -
CH,OH O PP ‘ A
2 o @, \ \:\\95 [6/\/\/\ (_\J
O kOH 0] /¢ q)\ b

‘+\k‘t‘ - \E‘
NH, /n S
@
Chitosan
0
A\ //
H,N C
AN
Gasp O

Cross-linking

GABA-Fe;0,-Chitosan nanoparticles

Scheme 1. Synthetic procedures of GABA-Fe;0,-CNPs prepared by crosslinking.
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(A) Ninhydrin (B) GABA

(o]
(D - 1) Aldimin

IS o,
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(C) Ketimin

o] o)
-2H,0 o)
N—CH,CH,CH, «——> N=CH— CH,CH, —— NH, + [
CH,CH,—CH
o) o}

(D - 2) Aldimin

(E) Amine compound

@] (@] 0] (@] OH (@]
QI g X T — L)< I <1
NH, + _— N > N
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Scheme 2. Ninhydrin test mechanism of GABA.

(F - 2) Ruhemann's purple
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GABA-Fe;0,-CNPs A 3= A 422] 5 S8l 22leh theslabs
HPLC water t]41e]] PBS (Phosphate Buffered Saline)oll 22 7] &
AL 350Col A wRkE ab, A AIRE ZhAmbE el S ]
ml¥ #2]8}0] Ninhydrin tests X33t} SH =5 S9% H, 4
&S AL8-5F0] GABA-Fe;0,-CNPsoll A W% GABA 2] %3}
10 wE EES AR

10000 - [ CNPs diameter 9528.4nm

Diameter (nm)
o 5§ 8
3
p
3
=

Concentration of TPP sol. (Wt%)

Fig. 1. Diameter distribution of CNPs for the different concentra-
tion of TPP.
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)
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3. du} ¥ nE

Fig. 1> TPP =8-92] 555 0.1 wt%F-E 0.5 wt%7}4] H3}A)
Ae wl AZE = CNPse| YA+ 2715 DLSE 578 Avjo|r},
TPP 7§-99] F27} S7145 & 7]9] CNPs7h A H &= A&
ok 4= Qlrh. AnkA 0 7 oFE A= 200 nm ©]Eke] YAE F2
AFE-3H, 0.1 wi% TPP 845 AFE-He o) A2 YAt A7)+
164.9 nm= oFa AGA R A 3Het 218 SRlsIIrh 35 Ajlelr=
0.1 wi%2] TPP solutions: AH8-3t0] WA Al Z3k3ict.

Fig. 2= CNPs, Pure Fe,0,, Fe;0,-CNPs, GABA-Fe;0,-CNPs 2]
wokut 7] W 940 A4S SEMY} EDXE E3ato] =438 Avt

Transmittance (%)
£
F
g

Wavenumber (cm™)
Fig. 3. FT-IR spectra of CNPs, Pure Fe;O4, Fe;0,-CNPs, GABA-
Fe;0,-CNPs.

15.0kV 11.7mm x100k

Fig. 2. SEM images of CNPs, Pure Fe;O,, Fe;0,-CNPs, GABA-Fe;O,-CNPs.
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o]t} CNPs+= F 100 nm 2] & o] A& &2 of|A] Chitosan}
TPPS] €421 €8} O, P7} S92, Pure Fe;0,2 50 nm2|
g0 7 Fe?} 07} 7= Ut} Fey0,-CNPs2 GABA-Fe304-CNPsi=

ok 120 nm®] T7F O E CNPse] A A48} 7 Fe;0,2] 949!

Felx o] 4% 21 02 Ko}, Fe,0,7} Chitosan¥} A go] Z- o]
F0]5 11, Chitosan®ll A &sh= 450 Bold S x| =7]7}
AA = RS & 5 9tk SEM S Al A3t A4S AlgslE R
EDXelIA N2| /0] A 54 =7] wliZoll ArfellA N nljA|s}
%th GABAE C, H, O, NO & o]F0]#] Qlx|qk EDX A }ol| =
Ne| /o] aijA|=lo] 817] wiitell GABAS] A¥ o f= weshA|
i

CNPs
100 L — |02
9.844% Residue:
(1.092mg)|  248.85°C 5041%
(5.593mg)
%0 !
20224°C
—_ - 0.1
X 80 2382%
E (2.643mg)
K=y
]
S 70
259.14°C 0.0
60 15.93%
(1.767mg) (-
50 —— ————————————————4- -0.1
0 100 200 300 400 500 600
Temperature (°C)
0.15
0.001g FesO+-CNPs 248.85°C Residue: F
100 k- 5153% |
8.738% (7.607mg) |
(12%0mg) L 0.10
90 - 20285°C [
3 23.90% 005
S 3
s 804 (3527mg) i
=
=
K=y [
2 7 o
T 250.75°C -
1582% |(f=-0.05
60+ (2:335mg) ||
7089°C
50 r—r7—r—r—r7rrrr71-Tr—rr71Tr—r—F-010
0 100 200 300 400 500 600
Temperature (°C)
0.2
0.005g Fe;Q:-CNPs
100 - N
25006 L
1012% Residue:
(1.504mg) 54.42%
(8.086mg)
0. - 0.1
205.27°C
9 21.38% ]
T 80 (3477mg) 0.0
= - 0.
2 -
é 70 261.56°C
1a08% |01
60 70.28°C (2092mg) L
m 1 1 1 1 1 -0'2
0 100 200 300 400 500 600
Temperature (°C)
Fi

Temperature Difference (°C/mg)
Weight (%)

Temperature Difference (°C/mg)

Temperature Difference (°C/m
pe AN (°Clmg)
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Fig. 3= CNPs, Pure Fe,0,, Fe;0,-CNPs, GABA-Fe;0,-CNPs 2]
571 ME}E IR spectroscope £ ©|-&3te] S5 A= HERd
Tk CNPs 22 Z ol 4] 3600~3200 cm™ 2} 1525 cm! 3782 Chitosan
©] 28719l 0-HS} NH,= YJERY 3L, Pure Fe;0, ~1] 3L o)A
750~600 cm™ 3L Fe-OF HERE 574421 3bgo|th. Fe,0,-
CNPs$} GABA-Fe;0,-CNPs 12| 3Zo] 4] Chitosan®] 57 2}<1 3}
%2l 3600~3200 cm™, 1525 cm' ¢} Fe;0,9] 54491 v-4<)
750~600 cm™ 7} 7] 7% Z1 0 R W}, Fe;0,7} Chitosan¥} Z
o] # o] Fol A& & 7 Slvh kAN GABAS] A-87]=
Chitosan®] 218719} FA k7Lt H]S5e5k7] wiitel] FT-IR A ellA
GABAS] A%} o= ks Zsiqitt,

0.08
 Pure Fe.0] Residue
0.4704% i
100 (O1778M9) 74009, 3734m0)
| (0.02834mg) 0.06 =)
- o : £
161.08°C  225.85°C / ! g
0.8039% e
(0.3038"!_])_0.04 g
98] [ &
285.17°C (]
Fo
I [a]
002 o
2
96 o
- 0.00 é—
[ 2
94—y L WY
0 100 200 300 400 500 600
Temperature (°C)
0.15
0.003g Fe:0-CNPs L
100 - . 249.46°C e |
?;z“' ) 535% | —_
050mg) (11.69m9)|_ 0.10 g)
904 21374°C | g
i [}
. oos 2
80 (@.776mg) I g
[ &
- 0.00 ?,
70 251.56°C s
B
1508% |[ 3
60 @292mg) [--0.05 &
o (]
80.57°C =
' e — 1)
0 100 200 300 400 500 600
Temperature (°C)
0.20
GABA-0.005g FesO-CNPs |
100 =+
9.190%
- 1.4 " —_—
{1.449mg) F015 2
90 202 3 B
] <
80 L 0.10 §
] - g
70 E
a
] L 005 o
16.61% s
60+ (26tomg) ®
1 L 0.00 é—
50 - k]
40 44— — ———r—r7Trrr7 — -0.05
0 100 200 300 400 500 600
Temperature (°C)

g. 4. TGA curves of CNPs, Pure Fe;O4, Fe;0,-CNPs with different amount of Fe;O,, GABA-0.005 g Fe;O,~CNPs.
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Fig. 4= CNPs, Pure Fe;0,, Fe;0,-CNPs, GABA-Fe;0,-CNPs 2] =
of whE A M3kE TGAR 573 Aatw, e Tefre] W
S AP e 2 E ofulshe shebA] R o] nh
A SHE oJm| gt CNPse] & -8l =521 248.85Colm
A€] 50.41%7F H7E = F4IL, Pure Fe;0,= 2ol 23}
a7} 2k dojubA] ekow iR} kel AEFhe Agke] FrEnto]
AR A& 27] 7719 98.80%7F FHirERE He 20 o4 5 9l
t}. Fe;0,-CNPs= A 3= Fey0,2] %01 0.001 g, 0.003 g, 0.005 g
7 W3lsho ule} 9 2] &= Zh7) 248.85°C, 249.46 °C,
250.06 °C, FH-f-5-2 212} 51.53%, 53.53%, 54.42%% A} 5718
Ae FQld & QIth. GABA-Fe;0,-CNPs?] & R3] 25+
25248 °CE Agsh= Aito] Wolds= Qeoll tigh bg/do] o}
A, S 52.13%2 Gl o8 Falj7F 2 ojuh= GABAY
]38} 0.005 g Fe;0,-CNPs Bt} 212 718 ok 4= Qi)
Fig. 55 CNPs, Pure Fe,0,, Fe;0,-CNPs, GABA-Fe;0,-CNPs <]
A% 725 XRDE 4§ A3o]th CNPsi= 78 @ Y=tol”]
ol 5 g 932 7F YERA] $3k2 ], Pure Fe;0,:= (220),

2 @ B Jg b
i o
0t

CNPs

AN ﬁ “ A A h Pure Fes0:
,M“ .MNMMM " 0.0012 Fes0s-CNPs

m,m»\;, " \

0. Fes04-CNPs
ok o PNt

W Mﬂ JM o A 0.003% Fes0s-CNPs

.005¢ Fes0.-CNPs

Intensity (a.u)

(220) (311) (400) 1

9%
26 (degree)

Fig. 5. XRD patterns of CNPs, Pure Fe;O,, Fe;O,~-CNPs with different
amount of Fe;0,, GABA-0.005 g Fe;0,-CNPs.

(a) 1570nm —— 0.004%
20- I ——0.008%
i —0.012%
I ——0.016%
164 ! ——0.02%
s —0.04%
8 124 ——0.06%
8 ——0.08%
= —0.10%
g os-
o
2
< 04
0.0
I
1
1 1 1 1 |
450 500 550 600 650 700 750
Wavelenght (nm)

ARSI

(311), (400), (511), (440)°llA 57 3] =7} Lpepf= A& & 4= Qi
Fe;0,-CNPs®] 73-%- Fe;0,9] %5 0.001 g, 0.003 g, 0.005 g© %
W3} Al Al ZE] = Fey0,-CNPs2] A7 7325 v wakols
Fe;0,8] 574 21Q1 9] =7} =1 Fey0,9] o] B275 179
FO7F AR AOE Kot Fey0,8 Chitosan®] A §o] 2 o] 0]
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Fig. 6. VSM magnetization curves of Pure Fe;0,, Fe;O0,-CNPs with
different amount of Fe;0,, GABA-0.005 g Fe;O,-CNPs.

(b)
204 Lowconc. (0.004 to 0.02wt%)
Y =0.00373exp(179.729X) - 0.0114
R?=0.989
1.6
High conc. (0.02 to 0.10wt%)
= Y =21.680X - 0.290
8 124 R=0999
[]
c
£ o0s
4
0.4
0.0
T L 1 1 1 L
0.00 0.02 0.04 0.06 0.08 0.10
Concentration (wt%)

Fig. 7. (a) UV-vis spectra of ninhydrin test with different GABA concentrations, (b) function of GABA concentrations at 570 nm.
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Fig. 8. UV spectra of ninhydrin test of GABA release.
Table 1. EDX analysis of CNPs, Pure Fe;0,, Fe;0,-CNPs, GABA-Fe;0,-CNPs
CK OK PK FeK Totals
CNPs Weight (%) 35.48 56.87 7.65 - 100.00
Atomic (%) 43.72 52.62 3.66 - -
Pure Fe,0, Weight (%) - 60.76 - 39.24 100.00
: Atomic (%) . 84.39 . 15.61 -
Fe,0,-CNPs Weight (%) 29.97 62.71 7.00 0.31 100.00
Atomic (%) 37.54 58.97 3.40 0.08 -
GABA-Fe,0,-CNPs Weight (%) 22.66 71.21 5.82 0.31 100.00
Atomic (%) 28.79 68.29 2.84 0.08 -
emu/g, 4.5 emw/g® UA3HA AA = A S Z Ko} Chitosan©] m_ Sample5
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SFATE 0.004~0.02 wt% 2] AF5 % F1FAE Y = 0.00373 exp Release time (hr)

(179.729X) - 0.0114 (R* = 0.989), 0.02~0.1 wt%2] 7155 T3kl
4E Y =21.680X - 0.290 (R® = 0.999)2] GABA2] 5 %ol W&
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Fig. 9. (a) UV-vis spectra of ninhydrin test of supernatant after
GABA absorption with different amount of initial GABA,
(b) absorption ratio depending on amount of initial GABA.
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Table 2. Adsorption ratio depending on amount of initial GABA
Sample 1 2 3 4 5
Initial GABA (g/200 ul) 0.01 0.02 0.03 0.04 0.05
Ninhydrin absorbance of supernatant (a.u) 0.085883 0.21076 0.29582 0.36424 0.5235
X (wt%) 0.018145 0.023098 0.027021 0.030177 0.037523
GABA in supernatant (g/50 ml) 0.009073 0.011549 0.013511 0.015089 0.018762
Adsorbed GABA (g) 0.000927 0.008451 0.016489 0.024911 0.031238
Adsorption rate (%) 9.27 42.26 54.96 62.28 62.48
Table 3. Release ratio of GABA at 24 hr 2. Singh, R. and Lillard, J. W., “Nanoparticle-based Targeted Drug
Adsorbed GABA (g) 0.031238 Delivery, Exp Mol Pathol., 86, 215-223(20009).
Absorbance at 24 hr (a.u) 0.57265 3. Chu, W. S, Kim, S. G, and Ahn, S. H., “Micro/Nano Fabrica-
X (Wi%) 0.03979 tion Technique in Drug Delivery System (DDS);’ Journal of the
GABA in PBS buffer (/30 ml) 0.011937 Korean Society for Precision Engineering, 23, 125-131(2006).
Release rate (%) 38.21% 4. Allen, T. M. and Cullis, P. R., “Drug Delivery Systems: Enter-
ing the Mainstream)’ Science, 303, 1818-1822(2004).
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S+ Fe;0,-CNPs& A Z35F Tt =3 GABA- -Fe;0,-CNPsE A= ricated Immunoisolating Biocapsules.” Biotechnology and Bio-
31908 w), A} qlol] E4E| o] 9= GABAS] %} 1 YAFRHE] engineering., 57, 118-120(1998).
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