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=2 AR 5249 7IEAOMWSO) & 25 XA A2 $-8817] S8, dlAlEE ik deoxycholic
acid, DA)-& o3l LMWSCE 3ket4 o 2 7idslgivk DAZE A& LMWSC WRe9AHWSCDA) &) B4 53]
Y|, SRS ol gsle] 1 548 wAsolth Als ol Yaeydxke] 371 250~350 nmE DAL ]
7t SRl ukel xRl 717t SIS dRIEAIQ] o EsfaL i (itraconazole) ©] 391 WSCDA Whed]
ZAHWSCDA-ITCN) &= 454 Aaz4-8 o] g3t gl S 02 A|F3I9L) UV B34 TAE o]gsle] oFEe) o
2 o) G823 =43 Ay o] U] G823 61 ~68%% 93 U G842 Rk oS )wolA o|Ee}
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Z3F DAZF AT AR 5849 71EAF ievlElZe] xIiA AEAZA vl =2 88 7S vERT 9l
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Abstract: To develop the carrier of hydrophobic antifungal agents based on low molecular weight water—
soluble chitosan (LMWSC), LMWSC was chemically modified with deoxycholic acid (DA) which is one
of the bile acid as a hydrophobic group. The nanoparticles (WSCDA) using DA conjugated LMWSC were
characterized using dynamic light scattering (DLS) and transmittance electron microscope (TEM). The
particle size of WSCDA ranged from 250 to 350 nm and increased with the number of DA substitution.
The loaded itraconazole as an antifungal agent WSCDA nanoparticles (WSCDA—-ITCN) were prepared
by solvent evaporation method. The drug content and the loading efficiency were investigated approxi—
mately 9~10% and 61 ~68% by UV spectrophotometer, respectively. The release of drug from nano—
particles was slow and showed sustained release characteristics. Based on the results of release study
that the higher DA contents in WSCDA, the slower the releasing rate, the WSCDA—ITCN could be used as
an excellent antifungal agent.
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¥t -g-go] AlEgolA| L gk
AAAZ Yol sl 598 2 1A AlsF gEllt—=
glg2elo| = FE3H| (PLGA) 7F 254 ko] 8352 Z7ia7]a
A& WES 8 5 Gl o Wo) o}gw]a gloit!
I EAEA] Zh= whdo] Qluk 7|EARS] 79 wEEAol] EAlsh=
12} oIS o] g3lo] Y715 BT EA A oS HAl &
At 7 Qlek AR A7 7T 1E 71 (-COOH) & XEgsk
Nor g 7IEAR} A jEgH o] A4 oS B v &
FARE BASAREA Tl RiEoA Y, FHAEHE 2 A 73t
AA &slE FXATE 98 Stk gl 8olelx] ApHa o R A&
A TS 2 vAs gAgslo g A oFES a8FoR W
A ¢ Utk G S B x Tl E3E] gl
S|=ZA719 Q1K A w9 <, BAKE TE T2 Aol wht vt
Follck BAkE 729 sl=E=Al el et 24 ii(lithocholic
acid), Hl2AlE=8Ak(deoxycholic acid), &4 (cholic acid) 52.
2 oA elRkgo] eithe s 7L Qitk 2 <l
AE 2] At diSAEEARE 7T AR XIEEs]
ApAAl SAlEEE WA tES BRI SIgt FxlA1L] A
RS X5t 7o) HE Aztet 7 Fgo = QIX|EA] Sdsk
| wReell & gAlel wisi A7t viulsict 1efu 19709
AT B 7L A sekeris o83 AHE 9 AA|
7|2 ol xle] Tt S o= dl| gl As flfshe WAl
TR0 A AAK R FAs] Sk o] witel Bdst a5
& 7R FREA) o] AAs] DeaiAa Qe Qiel] A}
27 RyA| 259l o] Edlm L (itraconazole) 2 triazole Al2] %
9] FRAR RS, 23S, AP 5] X 5ol AL
SHATET o) EgaES vl e SRR o TR
ATAR ARG T AR 2], AV 7393<] el 100~600
mg/day-& 3~671€3F E-83ic) o]edh 8Ad oFEC] AT oA
A 0185 AL vkt AelA] 8, AdH SAlEe] dEE
o} 77 o] g-50] haE Tl 7R, 7ol A} BE aslEe
5 50) 2akgo) Q= Ao AdelA ok gijus, 2kl
59 X7 5& o7 Fojuli= o|ErfmuE AT 52%99 1
EEollx e fa dEEEE A8 AEk A7 B85t
s, Bt A o8BS Eol7] flte] 22417 EA J-83lok sf
EHgto] Q'
2 AFelMs AR 784 71E4Hlow molecular weight
water—soluble chitosan, LMWSC) 3} HI&AIZEARS o]4310] X
I} S e 7IEA REAE AT OEN a5 oS
HAE ¢ Qs EAGAE AFESITE A OFEE AR o]
EgaES At dlell BRI ZH] oFae] -golidelA 83l

S YA FAEE AL ghe HBADAE AT,

R

fr 2 Az ol

4

M2, A2 7844 71EAHLMWSC, =24 10000 Da,
Hohldsl; 87%)2 (59 71E el Z (Korea) oM 3ot ARE-

Z0|M, A33¢ #l4%, 20099

3I3ITE LMWSCell 29 158 T38P] $1a8l AR 274 1
52 HlAlE Ak deoxycholic acid, DA, ¥4155 392 Da), HES-<|
AREE 5715091l 3—dicyclohexyl carbodiimide, (DCC), N—
hydroxy succinimide, (NHS) ¢} QA0 AE 5% S Fa3t
34959 pyrene 52 Sigma(USA) ol 4310 ARE319L) <
EE Aol AR FXAIR] ol ER TV (FARE 705.63 Da,
>98% purity) < SigmarHUSA) oA FJ38te] ARSISIT REe-&-
w21 dimethylsolfoxide (DMSO), tetrahydrofuran (THF) + lithium
aluminiumhydride & ©]83}0] 48A17F 51t AAZA1Z] - SH3le] AF
2315k 71 2]ol Hdde) A% 20lQ] n—hexane, benzene, diethyl
ether 5 45 % SFAI9kE o]&3te] A §lo] AREsISIT

HISAlE2IA| EMSHDA-NHS). DA} A% LMWSC] 34
2 LMWSCS] 13} opl¥} DAY 7h2EAxtkale] Whg-8 5310] o
FolF). o] Nkee] =& TS 98l DAY 7= 7158 DCC/
NHSE ol-gsfe] Eslate] LMWSCSH vE-2 Xsisi3ith DAS]
G5} WhE-2- vkt o] Falsitt. ARkl DASE NHS$F DCC
£ 2V DA 2.19), 28012] E1]Z DMSO 10 mLefl 591 & 1 5
QF Aol WESAIALE HES- %, AAdE dicyclohexylurea (DCU) &
FolZHE olg3lo] st Ao dlel] FAA Edsle DA-
NHSE ditt fofxl S-S 2371535 5 wilAlel] o] ke
AN S FTIE el EeES AAToEA YRS
27t e HF AAYES Aol

DAZ} ==l LMWSC S=A| (WSCDA)2| 4 U LIQIXIO| H|ZE.
WSCDAE thre] oz egaigitk. LMWSC 100 mgs 10
mL SH/DMSO Z381(10/90, v/v) ofl =<1 3, o] gl DA—
NHSE- 247} LMWSCe] ©akAllel] thsiA 3, 5, 10%2] =117} H 5
Z Z7ksle] Aol 24A17F B1t RES-S XIS Hhe=2 10
vl Z2ke] diethyl ether} oPAIES] E3Ra0)(2:1, v/v) ol FHAIZL
5 ArhEEslo] sgEiglet 35 HAES w55k oAl el
1A WEEUS] vk DA 9 s 83 F o W=
< sl 3sisict sl WhgES Sl SR
FA(MWCO; 3500 Da)S 35 54715810 DAZ} A3 WSCDA
L2 ks Ak

WSCDA2| 7Z. 38 WSCDAS 7%= 'H-NMR¥} FT-IR
- o] galo] BA1518ck 'H-NMR spectrometer (Bruker, AVANCE
400, Germany) & ©]-83l°] DA-NHS2} WSCDAS] 7% % DA
o] XS eIk ARE NMR 2= LMWSCE DO, DA
+ DMSO, WSCDAE D:O/DMSO(1/3, v/v) & Z1Zf AHgs1odth
FT-IR& &% 75 242 KBr 22lE o]838lo] WSCDAS}H KBr
= A nlER Eeele] BAele] Els vkE F FT-IR(FT-IR,
8700 Shimadzu, Japan)& ]88l 400~4600 cm ™ ellA] AAJa}
Atk

Lic@IRIe| 37| & el 5. WSCDA vzt =271
A JAH7] (dynamic light scattering, DLS, ELS—8000, Otsuka,
Japan) & ol-&3ato] SAITE S4S 2l Az edAE 1
mg/mLe] FEZE TFTl FARIZ $ He—Ne #oJA= 632.8 nm
oA St vhesixkel el F AR (FEL Tecnai 20,
Netherlands)& ol83}o] S4sI3itE WSk -g-<4ell phosphor—
tungstic acid 0.01%S #7}3}] carbon ZE° 2 F8¥ TEM
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g A ALAR S83P7] % dgAlEEate]l AdE ARA 784 71EAF thesixke] Azl 54 391
grid $lell Zslsto] AFAR F 755 200 kVellA] Sttt ST 200 mLell 253k ARSI 2xs] AsiX] & THE =

QAN |MSM = =(Critical Aggregation Concentration, CAC) 4.
WSCDA:= 374 9 2748 2He 1 24824 789 sl
A ZA7E SRl Qg Ak FAdsHA Bk olefst At &3 AR
< pyrenes FARE ARBSl] ME TS 5155 2= WSCDAS]
T-&INellM pyrened] #E4 755 FFF A (RF-5301PC,
Shimadzu, Japan) & ©]8€3to] WFANEHS AL 5 3] o]

= o]&slo] CACE 24sisitt Aa¥HdE vt 2t Pyrenes

oHIES] 6X 1077 Mo| HEE AF31T o]F FFHGE Hlsle] #
F5o7h 1.2x107°Mo) EACE ThE & o] golg 40 oM 24

7J B sl obAIES AASIT ©] pyrene P~°“J+ okt

RO WpeglAke %0“(30x1o °~2 mg/ml)& &5} pyrene
ﬂ HEEE7L6.0x107 Mo] H%E 3i5itt. o] £1S 60 ColA]
AR B el wEt F FFFEAE ol8ste] Fakd 390
nmol|A BFFE5S FHEIT

O|E2|TLIE0| 29I%! LIrQIXKWSCDA-ITCN)S] HIZ. WSCDA
e s A S5 9 X199 ARl S 2t gle o] v
R A 2939 oFEe] ARl g A8 -(hydrophobic
interaction) & ©]-§3te] 53 oFEl o|EfkTUES E5esith
oFE 9] A thet o] a¥sigich. WSCDA 30 mge 10.5

mL9| 5557/ THF Z3-89(2/8.5, v/v) ol £3llA171 5, o|Egtzut
% 5 mg 1 mLe] THFe €3iA171 3 H7pA3Ch ] Z3kgolo
(o}
\)I\OH

o

o O,
HO™ . . H

Deoxycolic acid NHS

Figure 1. Scheme of deoxycolic acid (DA) activation.
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3500 Da)& o]gato] 244131 52t vﬁiokﬁ Zto] THF 4 5+
2] ok o|EgtaUES AlASkL sAzEE] olEftavEe] &
¥ WSCDA - AHWSCDA-ITCN) & 93)th
WSCDA-ITCNS| £ A, o]EgtajEo] ¥ WSCDA-
ITCN Wedzk 2719} 1 mg/mLe FE=E S50l FaHA
71 & 2347 (dynamic light scattering, DLS, ELS—8000,
Otsuka, Japan) & °]-83l0] S74313ltt. WSCDA-ITCNS] &Hl=
FaAzRAwd-& ol gato] 7K%Yt 200 kVelx] 743kt
of=o| si2t U =X| &8 A, oF= ¥ (drug contents) ¥} 5
2] &8 (loading efficiency) < WSCDA—-ITCN Y=AE 3 mgs
1 mL S5l #4713, o] Z 0.1 mLS #3le] 9.5 mLe] THF
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£ Il WhedAF viie) o|ErtauES ¢bds] 5414 UV
B A (UV-1601, Shimazu Co., Ltd., Japan) & o83t &%
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Figure 2. "H-NMR spectra of DA (a); DA—NHS (b); LMWSC (¢); WSCDAS5 (d).
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Figure 3. Scheme of deoxycolic acid conjugated LMWSC.

Loading efficiency(%) =

Residual amount Itraconazole in the WSCDA-ITCN “
Feeding amount of Itraconazole

100

LEcQIXIOIA 20| WE MY, o|EgfTEo] ¥ WSCDA-
ITCN WisgizlelA ol Egtaulge] W& AsS 1143k $lato]
WSCDA-ITCN WheQIRE @Ak -89l (phosphate buffered
saline, PBS, pH 7.4) ¢l 2 mg/mL¢] 58 BARZ & 2 mL&
FAuHMWCO; 3500 Da) ol gol 83t ths 40 mL2] PBSell
W1 37 CollA] 100 rpm O & wHlshaEA 94 ARF 7 ow AZ
2 AFBle] UV 4454 (UV-1601, Shimazu Co., Ltd., Japan) &
olg3lo] FHEE FPTOEN o|EgtmEe] WE AES I
a3tk

20 Y EE

CISAIZ2IAKDA)S| M5} DAC] E/93) 24 Figure 19 UE}
Wik Figure 16 Wb Biel Zo] DAS] €/dsk= DCCSF NHS
= o]g3lo] DAY 2 EA4HS NHS esterd] He|Z HIIA T |=
By o o] Avh="H-NMRS E3jo] ¥218 &= )} Figure 2(a),
(b) oAl DAS} DA-NHS 'H-NMR A#EZ-S et Figure
2(a) & DA®] 'H-NMR AFEY A3}& 2.1~2.3 ppm F-52olA]
DA W& (—C/H-COOH) 54 3127} 2R1E]|9l o1, NHS ester
Hke & TH-NMR A} (Figure 2(b)) oM o] B4 937} 2.6~
2.8 ppmCZ o F3I%5-2 Bkl 5= QI9i). o] A= F3 DA
9] FfEEA o] AF A 07 NHS—ester 2 A8k 22 Eislsich

DAV} Z&HEl LMWSC2| A(WSCDA). WSCDAS] &4 e
Figure 3] YeRAom, Table 1014 Bi= A vk 2710 £9)
¥ DAS] ool wlz} WSCDA3, 5, 10 Al 7= gdsiglon
ZE22 'H-NMR#} FT-1R<S $310] B4J819it). Figure 2(c),(d)
= 7} LMWSCSF WSCDAS] 'H-NMR 235 Kol gl
Figure 2(d) o] LMWSC$} DAS] BE ¥]35 glig 4= QJ9)th
w3k Figure 2(d) 2] 4.5 ppm¥ 2.0 ppmolx] 22 vehs=
LMWSC?] 11 AX(—CH) &} oHE 15 (—-NHCOCH) 2] 4]
W23 0.7 ppmellA] ER-R= DAS] a8l $IX(-CHy) ©] 574~ 7]

Z0|M, A33¢ #l4%, 20099

CH,0H

0 0] -
(0) .
%ﬁ% ®-
NH
é®_0

Table 1. Characterization of WSCDA Nanoparticles

Samples  Feedratio(%) DS(%)* dmm)? CAC(g/L)
WSCDA3 Deoxycholic 2.8 254.9 0.0422
WSCDAS acid 5 4.9 330.3 0.0303
WSCDA10 10 9.6 359.5 0.0101

“Calculated based on 'H—NMR results. “Particle size measured by DLS
at 25 C(Concentration of 1 mg/mL). ‘Critical aggregation concentra—
tion measured by spectrofluorophotometer (pyrene).
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Figure 4. FT—IR spectra of LMWSC (a); DA (b); WSCDA3
(c); WSCDAS (d); WSCDA10 (e).
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o] B2 o] g3l WSCDACIA DAS] X|3keg F13l9it). o] A=
Table 1] YERQIE Table 1014 & 4= §i50] DAS] A8k &
7] HEg-E0] okl wlg} 247} 2.8, 4.9, 9.6%%5 HL) o] Avh= 1k
2 o|ZA o7 =olF okl 79 AxEk 9l or o] LMWSCe
DAZ} 458 o2 dAENES o 4= ek 58E WSCDAS] FT—-IR
A= Figure 40l YERITE Figure 4 ()& LMWSCS] FT-1R 2
T2 1650 cm 9} 1500 em oA amide 13} amide 112] EX4J9]
2 g918 5= 91glom, Figure 4 (b)= DAY A7k 1750 cm™'ollA
DA?] 71252719 54 952 g1 = gI9itk LMWSCell DA
7} A%k WSCDAS] FT—IR Z¥1= Figure 4(c),(d),(e) & DA
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Figure 5. Particle size distribution (a); TEM image (b) of WSCDA5
nanoparticle.
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2l.om, DAS] AJ#her} 57 etel] w2k LMWSCS] amide 119] 578+
=] o] haghe #1918 5 olgiek obde) 'H-NMR, FT-IR
Rz LMWSCell DA7F A3 WSCDAZF 7] Whgell o]/ &%
o AL AAFE AFHeR FIE USR-S HolFrh

WSCDA LEcQIXIe| E4. LMWSCell DA7} =8]8 WSCDA2
739 FAF Yol 1A3E Uehles LMWSCSF 2948 Yehlis
DA7} 3 BE3h= oA B42] 5738 vEhdAl ek o]eet oF
Z/3 BAL] 79 78N slofA] 2R - £]9] 257 DATES] &
3 AT AE-E Foto] AP 84 Pl WesizkE 3ASHA Hrh
WSCDA WrdAle] 517] 9 B3 F234as} TEME o4
3lo] 431330} Figure 55 WSCDA5S2] 9Ak17] ¥3£9} TEM.C.
2 s 1Rk Fels BolFEar Qltk Figure 5ol 2 5= 9
0] WSCDAS2] =173 3t 330 nme|1L wi¢- F& 7] B¥=
Kol glem Figure 5(b)= TEM oujA|&2 =7} 7ol 1 =
7% FARRPEA] O] At} v]seths gR1E 4= QISITk Table 1
o/ & = 9)5%0] WSCDA2 Z7|+= 250~350 nme] =715 2zt
I 9lom DAS] X|gher} S7islel wet Qx L ARl S ghlet
4= Stk o3& WSCDA AR 254 15<1 DA2] o) 715t
of w} iegake] S4S FAsHs A 252 ke #
WSCDA 2R 25474 Age] S71= Qlsle] vhesizkel 27171 5
7R Ao AlrEeldn). o]efdt Aik= B AP ojn] kg
St ARl 71EARS RS o] g3lo] ZIEA-HSAIEEAt fie
AE ] ks Alxsto] -z AeAR S8kt
A= DAS] gyt F7istkel wet 9ixke] A717F Frkskal
Q= Avkel Ax|Ekar Qe WhHe] mRAE 7)|EARS: o]88l0] 7]

| A% ARG

89 714k thedd kel Azsh 54 393

16

I338 /1355

0.2

Log(C)
Figure 6. Critical aggregation concentration measurements.
Intensity ratio ([s3¢ /s535) from pyrene excitation spectra as a
function of concentration of WSCDA3 (), WSCDA5 (@) and
WSCDA10(A) in water.
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E2-dSAE A REAE ddeto] WheixkE Alxst 79 DAL
A=) sl ule) Bl et a5 Al oa) b
273 U5 3Adete] e 7P AAEE A0E RuEd gl
oL 7| e g A ZEE fEAle] Lhegizte] 171 DAY X3
T 9 5 FARERL F1EARS] RlEell S s Zlo0® AlR
=it

WSCDAZ| CAC. DA7} A%k WSCDAS)]
Qlalod g8l Slof|A] “sicof SESH= AP} §-
23t 542 pyrenes Y FAZ o]t §
o] A = itk Pyrene®] @54 Hsl= o 549 v&
o} Agst #AZE ik CAC ol3te] s=eolxe 583 pyrenel
FPEAS ERIX 9= wbd, CAC o139 solds
P45/ 2 pyrene?] 54 9|39 o5& SksE WSCDAS] 7
9 CAC ©]3}] sEolA:= 335 nmolA] 718 73t 54 135, 1
gl o3 EA vg= 520 FU19F gEo] uEEol+ 338
nm= °]F33irt. ol 5A4u]ae] ArenlE o]gste] WSCDA
©] CAC #& 7313tk Figure 60 LR wie} ko] E4 179
Z3ERIRl K /sl 7S Alsollis Qs ghs Holu sl &
71} o] F243 371 A4S BolA Hr dukEow o] AHS
CAC gtoz A3} Figure 6] AuE o]43}0] 5798 WSCDA
9] CAC gk Table 1] YRS A 0.0101~0.0422 g/1.2] A
= Ak o]#st AvR= DAS] X3 Sl whiE Ae] &
7ol gJste] CAC gtol #Has= Ao® Als ek

O|ERIELZEO| S LI-QIXKWSCDA-ITCN)2| S§A. 253}
23S SAlel 2 o] B0 A9 FEollA] vl 45
Sl 1A o] 212t f1RIshE FHEle] At AR
A7) B4 gelA A S IR A5 e A
28 Foto] A UiF=E BEofRit) o|EglmyEe] 55w
WSCDA-ITCN®| {2k 371 W 3= 43R} TEME ©|
g3lo] =45t} Figure 7> WSCDA5S—ITCNE] 9J#ke] =17] &
X9} FEIS Ko =11 QJth Figure 7 (@)= 2334 23t ]
2] 7] W22 YRR 7] ¢ 350 nmeo | vk F2 H7)
YEE o)1 QM) T8 Figure 7(b) 2] TEM ©Jn|R= Leqi=7}
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;0

Polymer (Korea), Vol. 33, No. 4, 2009



394

30

(a) 350.980.9 nm
251

20

157

104

Ls. Int. distribution

100 1000
Size(nm)

(@)

10000

0.5 pm

(b)
Figure 7. Particle size distribution (a); TEM image (b) of
WSCDAS5—ITCN nanoparticle.

Table 2. Characterization of Itraconazole-Incorporated WSCDA-
ITCN Nanoparticles

Samples Carrier wt. Itraconazole NPsize Drugcontent  Loading
(mg) (mg) (nm) (%) effiency (%)
WSCDA3-ITCN 30 5 3203 9.19 60.7
WSCDAS-ITCN 30 5 3509 9.57 63.5
WSCDA10-ITCN 30 5 396.6 10.17 67.9

739 FelE 2 Q85 HolFal Qirk Table 2014 WSCDA—
ITCNS] Z17|5 QoRIsit. dxte] 7] o|EgtaviEo] 251s)7]
A7} v|wste] ot Trkehs S Holal 9lom, A 10

71l whetA] oEtsilge] FEy] M Ut S Ho|
Utk olExtaEe] w{lEHA YdAke] A7t okt Tk A
AAke] UE BAdehs A4 el oFee] =elEow A A
O F oFFo] F=7] Murt QIR IVt TR AR AlEE
), ko] PRE WReQIR R oFerdeAZA o) 88 -8 whds)
7] S8lo] oFEo] B ES Yl okEe] 1 Fol ule- Fest eclow
22t} o|EglaniEe] B2l WSCDA-ITCNE UV #3445
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