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ZE: 2 Aol IUA ALGAR 8317 flste] AAEAR 8| U2t hyaluronic acid, HA) ol 45
371 E80E flste] @EAk(bile acid) 5 sRR] HSAIE Hdeoxycholic acid) (DA) & 7Ids] 743 358
£ AZ3I8aL, o8 Al HEAR $-838taAt SISt tlEAZA o] Ak 31¢FEAHHADA) &) E8)3eta] &
A& 'H NMR, FTIR, spectrophotometer®} TEM-S o]8-510] 24519t} tj&A|Zato] Asls §|dF2 Al 3
A (FFe g & TS B3] BRIAHA, i vitroold KB Al tigt delehdS gklsit) Alzd o
SA|ZAto] AT S| USR] FUA ADARA 9] 54 71s7dE AAEIIE

=

Abstract: To develop hyaluronic acid (HA) —based anticancer agent carrier, hyaluronic acid was chemically
modified with the hydrophobic group of deoxycholic acid(DA). The physicochemical properties of the
deoxycholic acid—conjugated HA (HADA) were investigated by using '"H NMR, FTIR, spectrophotometer
and TEM. Paclitaxel (Tx)—loaded HADA nanoparticles were prepared by a dialysis method. The loading
efficiency of drug and drug contents of Tx—loaded HADA nanoparticles (HADA—Tx) were measured
by HPLC. The anticancer activity of HADA—Tx was investigated by its cytotoxicity against KB cell mn
vitro. The HADA—Tx was shown to have the superior potential for the anticancer drug delivery.

Keywords: hyaluronic acid, bile acid, deoxycholic acid, drug carrier, nanoparticle.

M = o} o]t S|UFEARE FATIIREA] AzAlelolx] &S HEst
v, AIEZE AR 3Ak7t kS ek, Al 25 3T AlESAE
QIZES] W& Xmahedl lo] H2Ae XmadsE 4] flEkle FAANE kS FITE? HEgh S| ERARS QA djolk P, Al
oS a8Ho)1 A&EA 0T WES I Qe AR X9 o) 9 A 227} GBS W st AAAEE 28 Sk #Hell
Q7 ofefsl HAOR R AME T Q= A EAlEE A, £ 3|EFRAS g = - sleh S olfsle] 3ETRAE
AEE e~ AAED 7|8, 7|EAL B19FEA A ARt = RSO 2 28 FEAL| QARFE Sof HLE= A
A3} polylactide, polyglycolide % ©15¢] &5 121 poly— ABEAL Fakslel= A7) 33| A8iE 3 ekl o)g) o]
amide$} poly (amino acid) 5] 71324} A= So| Uek! SILFEARS J FEK 9 & WS AEE Qs e w3
AR AR] 81T Hhyaluronic acid, HA) &= A3, 812 A & Ao REEZA ARREE o8 AlmelH 58 AlASH]
A, WAool $li= A3 el polysaccharide® FAFRE 1 o8t ZAkA| 723 ) SE W) oekE o wo] S-8Eo]A] 11
~10000 kDa®Z wl¢- 51 WS 2H=tt 3|4FE RS =& 34 Q) 1218
ezl glont dolut &4 T o] EEdo AssA o 4 S Hbile acid, BA) & 71520 FeAJH0) 1, FRE= Feik
Al w7t 7hsslo] el me Ak 2do] golsiet west sfehA YAhIENE TISAEAE 50 R 9o, S4Ee] 43t 2 sk
TZolA B EFEAEe] AL Yol B I 7T EAIte] sfEkE o = 53] A FHHE 0| = BENIS] F5E Sl OES itk o

EORE 50 ol AR Tl T2A Ae] Bolet ke i 7o) FelE|E e vl A We] ZRAEE o

TTo whom correspondence should be addressed.

AL AL ST el RS A b glom, wes f-se] Al

E—mails: jwnah@sunchon.ac.kr, jmk8856@sunchon.ac.kr 07 s FYAHIE I, AE F, o= vleR] Alegk) 7]

119



2 F3 0 e 7S welEky

B Al B1UFEA) Tk o TSI TISAIEARS ©
g3lo] FEAGAR AR SlEA S| YAl T2 EA) %
of] op1171Z 2E= adipic acid dihydrazide (ADH) & X313l 3 T}-2A]
A} ATAA W3 A5E 2 Ak tsAlEAle] Ak
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Al U HE, 2 A ARgE 3|L4FE A2 hyaluronic acid,
HA (Mn; 590000 Da) ¥} adipic acid dihydrazide (ADH) 2} 1—
ethyl—3—[3— (dimethylamino) propyl] —carbodiimide (EDC),
deoxycholic acid(DA), N—hydroxysuccinimide NHS)-2 Sigma
AldrichAlld sislalnl. 254 Bell ofai AMg slge]elle
Sigma AldrichAtelA -ato] ARSsISich BraA A3l A8
M= KB AIES ARSISITE Al American Type Culture
Collection(ATCC) oA &2 £ 10%9] fetal bovine serum
(FBS)< g+3 Dulbecco’s modified Eagle’s medium (DMEM)
< olgsle] viekeisict 7IEF AlokES dF Aloke sdste] gAls)
A ok ARSI

5|UR24A1-Adipic Acid Dihydrazide (HA-ADH) &4. 3|42
s iR Sl8le] SRR =AY o] ADHE #3833l
k. HA—ADH 392 S. K. Hahn 53 S, J. Kim 5*° #jel] u}
ZhA TPGSISIL) B|YFEAF 100 mgS 20 mLe] S5roll 23]
7 5 mg/mLe] S|&FEAL §AS AFegick 1E]aL o] g
ADH(1.736 g, 0.01 mol)& W& ¥ 2] aH|E o]gste] 14
ZF 59 wHkslSt) o] §ikg=<f 0.1 N HClS ©]-8351] pH 5.0 °Jsk
2 fA8F & EDC(0.191 g, 0.001 moD) & ol & 24417k 52t
A2ex] -5 SIsick Wkge] £4 $- 1 N NaOHE ©]8314 pH
£ 700 ZA3lo] T ellekeel A7iko ] AAS B/dAIT1
T A& A= AE A8l Fel 1 mg/mLe] SEE 50
A (FAEE MWCO 3500 Da)ste] sa1xE Fste] 1A 2%
(HA-ADH)2 43k

HA-ADH-CISAIZ4HHADA)EHY. 2437121 HSAIEAHDA)
=9 HA—-ADHS] oW1 253 tSAIZARS] 712847 N5 &
3o} o]foizitt. o] Wigel TIAIZAS] M &8s AT
f1ato] WS- A vgAlERte] 7R 1S NHS (DA-NHS) £ ©)8-
alo] A §- Wil ARBSISITE Nhe-& FlekebAl Avgshd o
<3} 2t} HA-ADH 20 mgS 5 mL S5l %21 & DMSO 15
mLE Yoz} o] gollol DA-NHS(5 mg, 0.01 mmol) S o] A
oA 242 NESSISITE NS FH F SRR 242K B1F £
(MWCO 3500 Da)3fo] n[kg-E3} ulE AT 5 sd0xato]
HADAE 3t

HADA Lt=QIX}t HIZ. HADA 1 mgS TH5/DMSO &5-8-4)
(1:9, v/v) 10 mLell 3lXZ] § FAPH o R VhedR}E AFSISIT
Aol ARGl A9k MWCO 15000 Dag AR 0m ZdoilM 24
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ARE B A ARE A0 R SRS wAIoEHR FAsIglon,
T golE FAIF3l] HADA WedAls A3tk
T #M. FF Pd=2] o= FTIR spec—
troscopy (Shimadzu, FTIR 8700, Japan) 2} '"H NMR (Bruker
AVANCE 400, Germany) < ©]-8310] 1178a13ick FTIRS ©]-8-%
TEEAE KBrik AlES &3] 100112 E3telo] 7t 2=s
Az F Fg EEgick TH NMR 5412 916io] AR guf
+ HA®} HA—ADH+= DO, HADA= DoO/DMSO—a;(1:3, v/v)
2 Ahg3to] B8 o)'5-2 ppm W1 AL

HADA LKzt S4 3. tlSAlzlo] 25 s|2wette] 7
S 5 Bl WA B A 2 A BARA 589
A7k OI% theglAE @AsP Bk HADAS) 558 99
EAIRF-5301, Shimadazu, Japan) & ©]83l0] AAN| A 5=
(CAC), 5424 (dynamic light scattering, DLS, ELS8000,
Otsuka, Japan) = ©]-€3l0] WAk 217), Falaxkdn) (trans—
mission electron microscope, TEM, Tecani 20, FEI, Netherlands)
= olgale] LheSiAe] B W A7) wslslck

CACE pyrenes 3% A= AREslo] 5ol W& pyrene?] #
12 71Ee] PEE Fote] ARSI A3E fl8lo] pyrenes obAl
Eoll X107 Mo] H=% a7 Alzstal 015 SH5E 7t
o] HEFE57h1.2x107° Mo| 55 gl ofu] §oFe] oS
40 CollM 22 &3t A SEAIA AAXZIE ©] pyrene g2
Tpoh 0] el §94(1.0%107°~1 mg/ml) & 1:19] vl
= 2338107 pyrene?] #F 57} 6.0x 107 Mo HE= si9itk. o]
GNE 60 CollA oF 3ART WA|gh 5 FFPTAE ol gslo] FFS
& FELISITE B Y B4 30k 390 nmelk] SAds1itk
B GG AAER D g 9] ol ol8sie] A E
LZ(CAO) & A7aiSitt theAlzAle] AdH 3|97t WSk
719} e FERRY e} FARAvE S ol slo] SAeISic) &
ARy BAE ekl AES SRl 1 mg/mLe] 57t HES
3 325 Colld Akt w5 90°= 17g381e] SHssi) Fapakd
1S o83 LheSike] Fej A4S flsto] vk sre] xR
55 =ol7] $lsto] 2% SEPdotAlElo|E golo)] Mgt 3 T2 I
FOo% Y% TEM grid flell 27Fsto] AxAX] 5 wEsiglnt.

o}Ee(etdo| S8 LEcRIC| MIZE. tsAlEAte] A8H sl
FEA VheSIARE A 9 9 A ARle] e gk Sk o
=R A5 ) A oAl wEe el A9 e
(hydrophobic interaction) o] 2J5}¢] HZe]eldlo] VrIA} U2 5
derk ok B4 AP vt #ol =3eith HADA 20 mgs
el DMSO2] Z38H8(2:8.5, vAv) ol S8 3 vZe]ea
4 mg& DMSO 0.5 mLef| =501 471t} B9jell AR #71-8v<]
DMSOE 4 (A8 MWCO: 3500 Da)& 53107 24A1%F 541 A
A 5 sHAZEE Foo] gFE|Ele] B9 31gTFEAt vhes]
A= Aqdck

okZo| eREg ¥ 8UEE 5H. Al ok TR
Fa52 HPLC(Agilent 1200, Agilent, USA) & o]&38}] 4
SISl Aol AR Bulle 38l (MeOH/H20(95/5, v/v)) 2
Z¥z}o] Al A} o5 d o= ARSISITE Al W Bale] 29 E3
Sl gk $ Y Fdsteld] Ak sAS Fate] AlxBisiv
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SFEALAZA T GAFato] AFE S| LEEAY A28}

A8 15 mL/mm-J 0% 50 Tolld Zsgsisiy, oFEe] A=
2 UV AE715 ol83le] 224 nm 3Fdelr S350t s=e]et

do) Fol 7o) wiE EA ¥]32] WA WHIlE o] g3le] A
(standard curve)< 2Mdgt 5 o}5 o]gs}e] /\] U m=ejekae)
FEE ARSIGIrE E5 oFE Bas W ok RS vl A

ol gslo] Alta3irt.

% ]ak (Fe=dz2h ol e/ Al Yred®t 58 X 100,
E&=0FeSiA Ul oFE T8/ (x27] o AR X100
HE 4 A8, seleilo] 298 S| Lheglde]
UL ﬂEJ KBAISEE: o|83lo] AlEsdS S7d3howA 113
3lck A= 10% FBS7F 231 DMEMS o-g31o] wljest - 96
well plateo]] E5=510] 2&o]] AR23IITE oke 22)E $Jsle] <k 5000
W] AFES 2578101 90 pLe wliklis} Sl 22t welll ¥
245 50 9} R e AL A Yot 2 o
S} wEeEAde] B]le HADA A9 5%= 0.1, 0.01, 0.001,
0.0001, 0.00001 pg/mL=Z o] & & F7} wljoksiain) oF 2447
%7l = 7 wellll MTT €94(5 mg/mL in PBS) 10 uLE&
HOIE F o8 140 WSSl A e ok TTS) Sl
ARSI HEA ek 5 AlE mljeFtS AASE S 100 uLe) DMSO
£ o83l *ﬂ* Alze elste] /g Jsh Hepdio] MTT Aksls
2 83171 & 570 nmelr Q] T3 2 thS-9] A2 o] g3lo] A=
Al H1E&-E S80It

(OD 70(sample) OD57O(blank))

x100
(ODs70(contron = ODs70( 13m0

M EAEE (%) =

‘?4 )\]oﬂ/ﬂ ODﬁO(sample)% i}%ﬂaﬁ] E‘O\:]Q HADA OD.)7O(Q’)ntrol)
PBS ¢F-890= ejH wel Z25E SHH F4% glolrk

A A EE

EHEA0| A8E SIUREAL J|LFEA] A7) B9 fls)
o] B|LFEARS] Yol oIVTE ZE= ADHE 3¢5 7125
A71el| AFAIZIL 71 T HSAIRAR] 71242 HA-ADHS] of
wte] WhE-5 B3] AFA7IRI tEAlE o] AR S|UTEAT
(HADA) & Az39tk Figures 13} 2+= 212} 3|9--24k} ADH)
fsl-/ﬂ uJ HA—ADHoﬂ 1;]&;\]%_/1\1_3 %Mq,\] ]7] _,,]—5]- H]-O ENEE
e Aotk Figure 32 FTIR A¥EZ9 Aulg 3 ]O]’:DFQ]'—J
F}2 =719} ADHE] op1717} Ao} 1650 em ™ 9} 1550 cm™
©] CONH 54927} 271k gRIsIIt) Figure 4= HA, HA—
ADHS} HADA®] 'H NMR AFEZS vkehdl Zloln z}z}e] £4
93E #1815, HA—-ADH % HADAS] §/3 % ADHS] 54
JF37} IAPFo 2 o) 5go 24 HA-ADHS HADAZ} A2 o=2
FAEANS-S BRIEICE 'H NVMR AFE 0 2 RE] 3|df2al v
€l71¢] 93 1,77 ppm3} ADHS] 7321 1.5 ppmS Blwsle] x|k
& S8l 1 A¥ER FIEEATIEC 50% A% XS]
S-S 3l 4= 9l9irt. o]st A7R= S, K. Hahn#H In Rim Hong
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Figure 1. The reaction scheme of hyaluronic acid grafted by

adipic acid dihydrazide HA—ADH).
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Figure 2. The reaction scheme of bile acid—grafted HA—ADH
(HADA).
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4000 3000 2000 1000

Wavenumber(cm™)
Figure 3. FTIR spectra of HA, HA—ADH and HADA.

oY Qi Avg Faw slo] fARE HA-ADHS] X nlg= %3
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Figure 4. '"H NMR spectra of HA, ADH, HA—ADH, and HADA.
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Figure 5. Particle size distribution of HADA nanoparicles (a);
TEM image (b).

ol a5 v R 2 AdE R8-S B9l AP HeA (self—
ageregation) FENS] WrQIxE FAdsi) Hek?

HADA®] vheSiat 3715 2719} TEMS: ol83lo] S4at
A1, 71 A= Figure 50l WERASIE Figure 50l LR B} o]
Az e 8] QRS 1o, oF 250 nm A= 715 1
At

oF1y =5

B8 2 1A B3 89 Sl 5ol o
A vehIn? T oleldt B o A7kgA 54

‘IF

7134 e
pyrene % BAS 0|89 B 54 $41L 0l§3lo] 5% 5+ 9]

o

t}. Pyrene®] 3324 A4S VFERE pyrene #APF 78
afollr] ez o 2574 WAl 4 (microenvironment) ol 3153}
o] 58 slellA Kt wikg- F5/3E vERiAl =, olHs
pyrene?| E5Ad WHol= B B2 T vl DS ks
3t} o)== AAM|AEA] 5% (critical aggregation concentration,
CAQ) olde] s=elx kI 4] AFeAE T3] 274 1l
AE7EE Fdsl] wirolok webx] CAC ol3fe] sicolxl= St
pyrene?| FFEAE VERR] 9= vk, CAC ode] skolxe=
vl Z3st 333540 U pyrene?] 54 9139 o5& Sk} 2 4
3o Alx3F HADAS] 739- CAC ©l5}9] solid= 335 nmelA]
7Fd 7t B4 935 vERGla 783 ol B4 Hae
71} tEo] sEoME 339 nmE ol Esiit) ol E 54 3
2] ZEHIE 0]4319] HADAS] CAC 3= -81tt Figure 6°1
veRd vle} o] B4 9139 intensity ratio Asg /kssS] A5 A
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1. = O 1o
AHS BolA vk UNFA O 7 intensity ratio?] §43F 5717} dofit
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Figure 6. Pyrene excitation spectra([Py]=6.0x10""M) in HADA

self—aggregate aqueous solution(emission wavelength was
390 nm).
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Figure 7. HPLC standard curve of paclitaxel(circle) and paclitaxel
in HADA (square).
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Figure 8. /nn vitro cytotoxicity test(KB cell).
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