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Abstract : To develop carriers of hydrophobic anticancer agents based on chitosan, chitosan oli—
gosaccharide lactate (COS) was chemically modified with lithocholic acid (LA) which is one of the bile
acids as a hydrophobic group. The physicochemical properties of the lithocholic acid conjugated chitosan
nanoparticles (COS—LA) were investigated using "H~NMR spectroscopy, dynamic light scattering (DLS)
and spectrofluorophotometer. COS—LA—paclitaxel (CLs—Tx) nanoparticles loading paclitaxel as an anticancer
agent were prepared by a dialysis method and its loading efficiency was measured through HPLC. On the
basis of DLS results, the estimated particle sizes of CLs—Tx were around 300 nm. Also, the critical
micelle concentration (CMC) was proven to be dependent on the degree of substitution of lithocholic acid.
It showed that the CLs—Tx has the superior potential for the application as a paclitaxel carrier.

Keywords : chitosan, nanoparticle, anticancer agent, lithocholic acid, paclitaxel.
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cholic acid), E=4Hcholic acid) 52 rojxH okjzkgo] ¢
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Mz, 4318 712 chitosan oligosaccharide lactate, COS)-&
71E&o] Z (Kittolife Co. Korea) olx] 3t} gHeoisp S o]-&
slo] Al HE et vhe HEAlEF 9 kDadl M 7)EA
& ARSI Bkl dEel glaE=Atlithocholic acid, LA)
¥} 3—dicyclohexyl carbodiimide (DCC), N—hydroxy succini—
mide (NHS), L—lactic acid, D—manitol, 18] 1 pyrene %<
SigmarHUSA) ollA] 743l AFg3iom, Hhg-8wliRl tetrahy —
drofuran (THF) += lithium aluminium hydride® o|&3}o] 487}k
B AEAR] F- SRl ARRSISITh 1 2lell Ay AR £
Q1 n—hexane, benzene, diethyl ether 5-& U5 9 EGA|2kS o]
B3to] A glo] AMESISiTh

2|ASEAMe| EM3HLA-NHS). LAV} 28E 7|EAF S8y

2|, A3249 A3ZE, 20084
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293} vk thaa Zo) Sk Ak ko) LASE NHS(2.1
) ¥=h) J8]m DCC2H #2) & F<5= THF 100 mLel =21 %,
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LA2} COS REAM(COS-LAs)2| &b U LIRS M= LASH
COS9) ¥k~ LA-NHS 9} COS9 13} oFl (=NH; in C2 position)

7ve] AL Falo] o|FolFel 7hekt wkIbge vhg ¥ 2ok
COS9 300 mge 15 mL2] FH7/DMSO &3 8+1(10/ 90, v/v)
of &<l 3, o] gl LA-NHSE zkz} 0S92 whAell thaiAl
5, 10, 20%2] En7}t E|=2 27slod AdolA] 2441 F1F ke
5 REEich WhSE2 104 k9] diethyl ethers} oMIES] &
U2 1, vv) ol AR T QEESE B g5sisint 3
T AAEL =55 ool BARA wkSE vje) nEke LA 2
BEE-S £3N7) F 8wk ES AR S B3] 35l
o} 358 HES-ES Bl #8471 3 FA(MWCO 3500)5 3
o] LAZ} B3 COS-LAs WeAlE AZsI%ich veydzke] A
% 3 gaS 1.2 um?) ¥FE 2= IS FHNA P E
A2 AT F $AUZRE B A Fee] COS-LAs Wy
A A9ich

'H-NMR AZlE® 24 'H-NMR spectrometer (Bruker, 400
MHz) & o}g3lef LASECOS EAe] 72 9 LAS) X85 (degree
of substitution, DS)& T3tk oW AR88 NMR &rliZ= D0/
DMS02] £3-8+)(1 : 3, v/v) & AH&3I3ITh

LIeQIRF 37| ¥ 22 =3, LAZF 8% COS—LA =51 4l
27719} Ex = GARPY (dynamic light scattering, DLS, OTSUKA
ELS—8000) & ©143l9] S35tk 578& i8] Alxd vhey)
AE 1 mg/mLe FEZ 5550 AR F ARE Z4EE 90°F
143}31 He—Ne #lo]A % 632.8 nmolld &3tk

QUHINMSEME=S(CAC) . LA7} 238 COS-LAY 734 §
Balo] 54 2 A54E Zh= ORI BAEA 8 Sl 2}
7F -8R0 % Ve dAE FAsHA Fio o)HEk AP} 84 AR
pyrene-s d% dnz AMg3le] Fol WE pyrened] F3E A%
o] BEAS Z3lo) 2ARIGT. APS Y51 pyrened oHIEC] 6
X107° Mo] HEE AFsli ol FFHFE Hlsl] Aot
1.2x107°Mo] H=F aigit). o] 9 40 Tolq 241k Bk 7
3} slollA oMAIES AT ©] pyrene §HF} ThFE FEL

5-912ke] g (1.0X107°~1 mg/ml) & 1:19) uj&z £33}
o] pyrene?] HE 57} 6.0x107 Mo] HEZ 39t o] gBe
60 TolA oF 3AIZE WAEE & FFFEAE o]83l] FAEAE
FEsch 9 @ B9 F59R 390 nmelld S &



25 FAAY AR S48 A% daFgeYate] ATE 7| EA Yo Axet B4 265
e BF AFEHT w3 330 ol5-E o] galo] YA AEA 07 25 CollM Aesisiay, oFEe] HES UV HE7IE o83t
FX% (critical aggregation concentration, CAC)% 753t 04 227 nm A Sgsisin) olul AR AL Cis 2H (4.6

niSe (o] SYUE Licxe| ME. COS—-LA YnAte &
A A Y 9 FEL F2E wA =9, o] vegirle] 44
Z30l 244 23542 (hydrophobic interaction) < ©]&3}od 4
T4 AR SFEEE BTk oFE B AES tet 7
o] #8519t} COS—LAs 20 mgS £5+9 DMS02] Egkg-n)
(2 :85, viv) ol £8ix17] & sEalehd 4 mgg DMSO 0.5 mL
o o Hrlehth o] EFEAE THT 200 mLo =29E AL
3l ZH3] A7l F Bglol AR G718 DMSOE F4
(F4= MWCO : 3500 Da)& Fsle] 24A1F F<k AASKI) &+
APPHE B8l A7 18hE AASE § 2g ste] ojFut PRE o]
£3}0] ==k 10 mL, g9 o= MWCO : 10 kDa) skt 52
AxE Tl sEeEtdo] BSlE 71EAE eQIrHCOS—LAs—
paclitaxel, CLs~Tx) & @4tk $2AAF F Lol v’z 2 1
mg/mLe] {5 S #4270 F 0.8 um FA] FEIE 0]*0“
slo] Al S A= AABIIE AdiiAt AlA —ﬁr ]
olgslo] TETlEde] Bas 9 A A7) 9 &
si3ich HEFTH R o] golo] FAUXE B3l AT {”
o} FE0% A] AR BolebA Yair £ o lEelE 2
@ 50~100 mg2 D— manmtoli 23t & FAAZE }933]'.

AR | R Bx £, fE2gdo] B9de ClLs—Tx gt
9] YA=2719}F =7 ~‘:v'—it Az WheiAE 1 mg/mLe] &
52 & AT F OTSUKA ELS—-8000% ©]43l] 54 it
FHoR SA3ILE S A A = 9002 1738k He—Ne

#HolA R 632.8 nmeld 73183k

|3 20EET2E|(High Performance Liquid Chromatography)
. CLs—Tx Wcsizh el Q1= sEeetd 099 5las
2 HPLC(Shimatzu, Japan) 2 ©]-83lo] BA319i) 2418 ¢jslo]
AFE W 898 248 40% acetonitrile/60% H0% @ & 2o
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34% acetonitrile (F7} 527D, 9B ¥k vEwEde] 5
S} o] W B4 9179 WA HgkE o) 8sie] A (standard
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Figure 1. Scheme of lithocholic acid (LA) activation.
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Figure 2. "H-NMR spectra of activated LA with LA (a) and NHS (b).
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HAEH(LA 2 LA-NHS)2 Figure 2(a) £} (b) o) YN} Figure
L1e] vepd ulel Zo] LAS] 843} 78& DCCE Hhg Frj= o)

g3lo] LA 7HEAIS NHS esterd] ez iziyle Aoz
H, o] Wke] Fzkg 4 HF A2 5= 'H-NMR AHEHS
E3led BRI 4= QIgith Figure 2(a) 25 ¥h29] A3a-2 ALt
317) 918l ARg3E LAY B4 wF2: 2.0~2.3 ppm F¢ol e}
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A4 & 2.0~2.3 ppm $229] 19 & 208 HEsol] 2J8t 44 w3
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Figure 4. "'H-NMR spectra of COS (a), LA (b), and COS—LA (c).
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BAES Foto] 23] AARA A1 Holdle A

ppm e NHS 24 943.3), () 7} Wﬂ"‘i’ﬁ % "1\— 991
Atk webA 4.6 ppme] 3—0HS —CH 3 %= 0.64 ppm2
18—CHs 979 &R3ke o)4310] HF AE tE% kst <=
At Figure 2(0)). HE &34 LA-NHSS| vt S 718
07 85~90%F YERISS ERlsiich

LAZ} Z&HE COSe| &8 ¥ &AM, 84984 LASH COSe 4k

< Figure 31 YER vle} 2o] Z74/DMS0(1/9, v/v) 2] &3+
S o) falo] AAIATE £7) ¥HES) COS(Figure 4(a)) 2
LAFigure 4(b) 78]3 ¥he F Gojrl WEES] 38t 72 2 LA
2= "H-NMR ~HED Figure 4(0)< o430 COSe] S4
vl=21 29 fx)2] —CHE ARS3i3lal, LAS] B4 Fa2& 18-
CHs 729 7} A3k o831 LAY X85g eigion, A
1= Table 1o YERISITE Table 191 viehd v} o] LAZ] X8}
EE 2INREES] Fofgel] &t 21 o & Stk LA
W e 5% HRSAI7) CLOS) 7% 42 459 A@wE et
Witk B3 27) 9-8H] 20%2) CL202] 3¢ 15.9%2) X8=E
ERASITE whbA] LAS] &35 0|43t COSe) 38k 422 1)y
o] AFA0E FYPHNS-E AT 5= QI3

LA ZEEl COS-LAs LIEQIXIS| £M. LA o]g3lo] ghstao
2 49 COS92 7% 24 ol I35 UrE‘rLHb COSs} 2%
A& VERlE LAV 37 g8k o B2 548 vehiA
gtk olgjgt kA B2le] B9 g oMW 254 LATH] 2
T AEAE-E Flo] A FeY] Ve F/dshAl Fick
COS—LA Yhiegixtel z7] 4l B2 53 galehs ol galo] =4
390l 71 A7E Table 1 9 Figure 59 YFERASITE Figure 590
veRd vkl Zol] Alzd yegixke] A wig F ARl B2
E vehiiglew, CL05Y 7% ¢k 300 nme] =71% Jehigith 1
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Table 1. Characterization of CLs Nanoparticles

Samples Feed ratio{%) DS(%)* dnm)® CAC(g/L)*

CLO5 Lithocholic acid 5 45 3009  0.0385
CL10 (LA) 10 8.2 2957  0.0108
CL20 20 1569 2926 0.0018

“Calculated based on "H—NMR results. *Particle size measured by DLS at
25 C(Concentration of 1 mg/mL). ‘CAC measured by spectrofluoropho—
tometer (pyrene).
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Figure 5. Particle size and distribution of CL.10 nanoparticle.
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LAZF 23F COS2) 79 o B o= lajo] 4289 slol|x]
E5of g&EskeE 2t “XJ 73%E Vepdich olefst w5k ofE APt
$4 B43E pyrened B AR o]&3 HFEA A4S ol 83}
o] ZA18t = Qlrk Pyrened] A 5748 el pyrene
Bt g sjella] deaor ) wiAl $ (microenviron—
ment) of AT 0}0% -,‘g-oﬂ BlollM y_r:lr uHé,l 7}k FPEXNS Leh]

© gz o 295~292 nm

ﬂ~ Jé “Xbl
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<o 4 e e ol A
ol QY ol A7k $41E B

01 }\‘rJH uld #AE A whiEe® Akt web CAC ©]
Lol E88 pyrene®] HBEA 7—3_— LRy A] o= i
CAC OVU o= - st HEEA 9 pyreneA 24 v

EL-J oS 4] B AEM cos LAsA 2 CAC ¢]3}]
Toxd= 335 mmold 7 et B 5|38 737 o)2d B
Aﬂb o] Z7e)l BiEe] ETolMs 339 nmE ©)F3Isith
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Figure 6. CAC of CLs nanoparticles by spectrofluorophoto—

meter (pyrene).
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Figure 7. Particle size and distribution of of CL10—Tx.

Table 2. Characterization of Paclitaxel Loaded CLs Nanoparticles

Samples Carrier Paclitaxel NP size  Loading Drug
Wt(mg)  (mg) (nm) efficiency (%) content(%)
CLO5-Tx 20 4 355 67.0 13.4
CL10-Tx 20 4 330 68.5 13.7
CL20-Tx 20 4 319 58.5 11.7

Polymer (Korea), Vol. 32, No. 3, 2008
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Figure 8. HPL.C chromatograms.
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