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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 in
vitro. The HADA~Tx was shown to have the superior potential for the anticancer drug delivery.
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o]l ol171Z Z¥= adipic acid dihydrazide (ADH) 2 X|35t $ T]-£
b ARAA AT 2579 2 RV tEAIEAle] A%
S|UFEA REAE PIToEN AP oIS WY o= A
GAE AZ3ITE o] Aol FAAR] BEeEAS BN ¢
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A2 % A2 2 AFelx AR 8| ¢FEHhyaluronic acid,
HA(Mn; 590000 Da)3} adipic acid dihydrazide (ADH)$} 1—
ethyl—3- [3— (dimethylamino) propyll —carbodiimide (EDC),
deoxycholic acid(DA), N-hydroxysuccinimide (NHS)-2 Sigma
Aldrich oM 19J3igit) aA] B oFEE AME wEe]gae
Sigma AldrichAteld 74181 ARgBIgiTE e A8 Algd
AAE= KB AEE ARSI} A= American Type Culture
Collection(ATCC) ellA] E-elih& § 10%9] fetal bovine serum
(FBS)& 53t Dulbecco’s modified Eagle’s medium (DMEM)
& ol83lo] wisIglct 7IEl AlFEe AT AlkE P3Isle] FAIsH
2] ka1 AMgSITE

o|U22M-Adipic Acid Dihydrazide (HA-ADH) 4. 3|&¢F&
e TR fste] slgFEARe] 71254700 ADHE 21831
k. HA-ADH @4 S. K. Hahn 53 S, J. Kim 5% 9h3e] m}
2hx FASISILE B1UFEAY 100 mge 20 mLe] FR750 834
7 5 mg/mLe] 3|LFEN GNE ATsIh T8 a o] Lol
ADH(1.736 g, 0.01 moD& ¥& ¥ 2 wR7|E o]gsle] 14
7t -5t wHkslgT o] ¥kS-Eo) 0.1 N HCIE o]g3}ed pH 5.0 oJ8}
Z A% EDC0.191 g, 0.001 moD) & Yolz & 2417 91
A2oM RS S5tk ¥hgo] 2 § 1 N NaOHE o]831f pH
£ 700% 27s}e] 7] ofek&e]] H71ko M A4S A7
& AL FAE] AAE ] TRl 1 mg/mle) FER w5 F
A (FArk MWCO 3500 Da)sl] B4a0%28 Sdfo] 14 B
(HA—-ADH) & 99i}.

HA-ADH-CISAISAKHADA)EM. 4547191 TSA1E4HDA)
92 HA-ADHS] ol 157 tSAIZAR) 712 847) uke-S 5
slo] o]Fojzint o] HhgelA tEAIFAL] Y a&S A
fste] Wk A tEAIEA1e] 712 84071E NHS (DA-NHS) & o4
3o} BT - gkgol] AM3ISIc) whe-S 7HsAl sl o
=3} 2t} HA-ADH 20 mgs 5 mL S50 321 & DMSO 15

5 2ojEr) o] 99 DA-NHS(5 mg, 0.01 mmol) S ol A
2ok 24213 WEESIGITE WS- FR & FHPE 2447 59 £
(MWCO 3500 Da) 3l miikg=3t 8uiks AlAS & 5713381
HADAE d3ith

HADA LI=@IA} M=, HADA 1 mge S75/DMSO E3-&4)
(1:9, v/v) 10 mLoll @37 F FAH 0 2 1he IR E AlEsIGIT
FAo)) AkgE F4uke MWCO 15000 Dad AFgSlon] AkLojia] 24

E£2H, A35W A2z, 20119

H g - Ak

AZb EQr A AR FA 07 SH4E wAlFo BN FAEI o,
BA 5 gols 2AnEEle] HADA WeAE 43t

Of

M ES| x BM. FHF A EY FAJ9F+E= FTIR spec—
troscopy (Shimadzu, FTIR 8700, Japan) $} 'H NMR (Bruker
AVANCE 400, Germany)& °o|-g3}o] 753131tk FTIRS ©l-8-3t
TFEAL KBri} MES 23] 10012 E3sle] Fys 2 S
Azt & Bgez etk 'H NMR £432 $lsio] Akg &)
= HA$ HA-ADH+= D20, HADA = DeO/DMSO—-d(1:3, v/v)
£ M3} 3j8H o2 ppm Y% 1 EsIsith

HADA LRIk} 54 7Y, tSAIZAle] 234 3|45t A
% 3 Bl 25 2 A53E 2= oY EAEA 89 slellA
ARl 2Jgt YielIxlE dAdsHA |tk HADAS] 57432 34%
EARF-5301, Shimadazu, Japan) & ©]83lo] QARAFYEE
(CAC), 227 (dynamic light scattering, DLS, ELS8000,
Otsuka, Japan) € ©183le vhegire] 7], Fabdxidnld (trans—
mission electron microscope, TEM, Tecani 20, FEI, Netherlands)
S ol g3t Viegiate] Fe 2 7|8 SRSk

CAC* pyrenes 3% 4= AM3lo] 5ol WE pyrened] %
2 A% ks Z3lo] ZARISIE A3 1381e] pyrened oMl
ol 6x107° Me] H=E §3il)a A8k ol% TH-E st
o} #3557} 1.2x107° Mo| HE=S igir). ol §5e] oprlES
40 ColM 2AIRE B2t 79t FEAA AFARET ©] pyrene £
Thaksh o] WreglAte] $o8(1.0X107°~1 mg/mL)& 1:12) Hl&
2 F319 pyrened] #%F 557} 6.0x107'Me] HE Si9ir) of
M 60 TollA oF 3AIZE x5t $ FYPFTAE ol g3lo] FBE
e ARsleln) 89 as #2492 F9 390 nmellA Sg315ith
S48 % ~AELT whg 9719 o5 ol83le] UAMAFEE
T(CAOE Zsloitt thgAlEate] 239 sluFEid L}L:?JX}?J
279} B FEARY 9L FRRRE S ol 83le] SRSt &
A7) B8 f8le] AES Tl 1 mg/mLe] $57} HES
gt & 25 Colld Al 452 90r2 sl Sgsisink. Fabdzd
"3E o 43k Wizl FEj A4S fisto] Vel e AR
ZE =o0)7] $I51 2% SEFOMEICIE L-ollof Jagt & 712 3
Fo7 THE TEM grid H°ll #7Islod 212A171 & #28igi.

LfZa|EM0| SQEl LI-QRIe] HIZ=. thEAlE o] A3td s|Y
FEA eI A 9 9 A9 Ade] 2 A ok o
Rk A Sl 244 SiARI sEeEle] A Ade ke
(hydrophobic interaction) ©f] 2J3le] FEejebdo] eIzt YRS &
gk oFE 59] AP tha Zol FHEGIcE HADA 20 mgs
Z57429 DMSO2] £8k8u(2:8.5, vAv) ol S8irz] & sEzled
4 mg& DMSO 0.5 mLoll 3} 7}k B<lel AMgE #7189
DMSO= 54 (5495 MWCO: 3500 Da)& F3}0] 24ARE 53t A
Ast & FAAXE F3lo] sEE|Edo] B9 s14FEA WSl
2 Sk

okEo| HIXEE W SYEE8 5. WXl e BBt
2182 HPLC(Agilent 1200, Agilent, USA)E o] 83} £
sigict. EAel AR Bl EF-E(MeOH/H0(95/5, vv)) 2
Z}Zke) A& A} o5 e E LGt AR W falle] S &
|2 9 F 7Y dsklx A A Fslo] AxEsic



SEAGAA TLAEA0] 2

F4L 1.5 mL/ming] §50% 50 ColA Hagslya, okee) A%
£ UV HEVIE olg3l0] 224 nm 3ol SAst). si2eler
Aol wxs) o wE B4 mao Wa s olgsle] 7k
(standard curve) & 25t F o]& o]gs)o] "]"’ LH sleee
FEE AR ot OF BUES B oFE oSk 1heo) A8
o}g3lod Allsiait.

FEEA = (A Wl 2R/ (RA vheslAl S99 < 100,
TRES= (A ol ok F9)/(27) oFE AH) X100

MIE 5N MY oEuebdo] B9ld s|9REM Rl &
PEE PAHEZQ KBHIEE o)88l0] AEEAS =yshoga) 73
ST A= 10% FBS7 ) 23 DMEME ©] 6}0% jokat 3 96

well platedl ¥7310} Aol ALGSIRIE OF HiE: Sleie] ©F 5000
7N2] AES B0} 90 o) wjokelst b4 232ke] wellol) Wit oF
S 9k S} ok AAjsled A7} QPgEA Ak S e 8t

otk dFeede] B90d HADA AE9 %= 0.1, 001, 0.001,
0.0001, 0.00001 pg/mlL2 o] 5= F F} wjekslgd), oF 24A17¢
i BH%I: % 2k wellef MTT €945 mg/mL in PBS) 10 uL&
@0% 5 ok 1AIZE Fol wioksled Al A|3zell 93 MT T A2
TSI HFA wiok 3 AR vkl g AT F- 100 Wl DMSO

£ olgajo] AE A 2slo] e gk mepae] MTT Alkske
= %s\%f\lﬂ T 570 nmellMe] S 2 ohae] A8 o gsle] AE

AL BlE-E SsIelc)
H];_lz‘gg%% ((7 ) (0D370(samp -0D, 570(bl: ank)) <100
(0D, 570(control) OD‘WO(blauk))

‘ﬂ )‘]O“/‘i O&]O(sample)w i ]"ﬂq EL% Cdt,:,] I-LAJ)AX ()1}\70((‘%&0[)
PBS $4do® g9 well2RE] 248 TY% ot

it % EE

EHEL0| ZEE SIUTEM SUFEN] 2547) TR A3
o] S|UFRA] oo olwl7)E ZH= ADHE 3|dFEAte) 7128
A71el) AL 11 T ChSALEAS] FFEa 719 HA-ADHS) o}
23] WS Folo] 27191 CEAIFAe] AgE BUTFEAL
(HADA) S A3l Figures 137 28 2174 5|24 ADHO)
W3 9@ HA-ADH] t&AZ4Me /7171 93 uke naes
Liebd Zlo|th Figure 3& FTIR A¥Ee] dalg §|gsinte]
FF2EA719 ADHE] o17)7} Agsel 1650 cm 9} 1550 cm *
2] CONH &4 77} 5718k 8R1510t}: Figure 45 HA, HA-
ADHS} HADA®] 'H NMR A#E &S LLepl o, z}zke] 54
135 ZI511aL, HA-ADH % HADAY) 84 & ADHS £4
A7} Ao ofFslo A HA-ADHY HADAV| A33oz

A2)515it) 'H NMR AHER 02 2E)], 5|08 v
©719] 3 1.77 ppm# ADHS] =1} 1.5 ppmE vjwslo] x]§k
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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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Figure 3. FTIR spectra of HA, HA—ADH and HADA,
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Figure 4. 'H NMR spectra of HA, ADH, HA—ADH, and HADA.
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Figure §. Particle size distribution of HADA nanoparicles (a);
TEM image (b).
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Figure 6. Pyrene excitation spectra([Py] =6.0x 107" 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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