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Abstract: The aim of this study was to prepare injectable hydrogels that can effectively deliver drugs. Azidophenyl-hyal-
uronic acid derivatives (Az-HA) were prepared using natural polymer hyaluronic acid with biocompatibility and bio-
degradability. It was confirmed that azido group was successfully introduced into hyaluronic acid by FTIR and 'H NMR
analysis. In addition, The maintenance of hydrogel properties of the prepared derivatives was examined using rheological
analysis. Protein immobilization was confirmed using the photo-immobilization method, and the protein release exper-
iment was conducted to confirm whether the protein drug immobilized with Az-HA derivative was continuously released.
Through cytotoxicity test, the biocompatibility of Az-HA was confirmed. As a result of the intracellular administration
of Az-HA immobilized with fibroblast growth factor (FGF), cell proliferation was confirmed. According to the result of
the above experiments, the prepared UV-curable Az-HA are considered to have applicability as a biomedical material
capable of effective delivery of drugs.

Keywords: azidophenyl hyaluronic acid derivatives, injectable hydrogel, protein-immobilization, fibroblast growth factor.

N = Ao BuwEw k. 7 A, WAAFR Ee )

7V5e BESk PPN 913 97} o] ofFojgch

W gopge] AAle] Ao Folx@ Aol EAS A oFEQl ARIAE SIS Mo RE Ty
L EAE Q8] Bergeln Beld 9 s Aoz Q) @ We] 9lon] ABERA Eel) EAlske ofewr],
sl Aol LD & Uk IS Sof, wAerEe] & AARAY], HL] Bl 48718 AAA HH FHATA

ok wiAe] os) ofEo] BEAslEAY 7] wilEl e 71 shsH shaAll ogk 343} Whe] de] o]gEo) ¢k
o 2 o2l WS FAkES] 5A0R <l 1&%1}

&

oA vhlAe] Bz H o] EA|7} op7]d

491

"To whom correspondence should be addressed.
tisohn@cau.ac.kr, ORC 0000-0002-7705-5662
©2020 The Polymer Society of Korea. All rights reserved.

451

t}56 227) wjifo] oFE Ak A|AH = o] Hix] 0}7]

Sla o) Aekst YL FASHE Rl BiAolrh s



452 =

(1) Hyaluronic acid hv Hyaluronic acid

Ns —N: + Ng

(2) Hyaluronic acid Tyaluronic acid

—N: + N—

Hyaluronic acid Hyaluronic acid

— = Y —

5

Scheme 1. Photo-curing mechanism of UV reactive hyaluronic acid
derivatives.
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Scheme 2. Chemical structures of hyaluronic acid (HA).
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X 2. Hyaluronic acid sodium salt(Mw: 1.3~1.8 MDa)=
Bioland(Cheonan, Korea)2] A& AR8-5153.2™, 1-(3-dimet-
hylaminopropyl)-3-ethyl carbodiimide(EDC), 4-azidoaniline
hydrochloride, deuterium oxide(D,O), fluorescein isothiocyanate
albumin(FITC-BSA), trypsin
ethylenediaminetetraacetic acid(trypsin-EDTA), bovine serum
albumin(BSA)= Sigma Aldrich(Flanders, NJ, USA)2] A&
S ARSI} Sodium hydroxide, hydrochloric acid, acetone,
ether= Duksan Pure Chemical Co., Ltd.(Seoul, Korea)2] A
F& AME8I o, UV 417 7]= Hamamatsu(Shizuoka,
Japan) A|#2] UV Spot Light Source L56625 AH&-3}S3 T}
TSk A w13 NIH3T3 mouse embryo fibroblastsS:
AF23l T Cell counting kit-8-2  Dojindo(Kumamoto,
Japan)9] A|F2 AFE-31% 3 Recombinant Mouse Fibroblast
Growth factor= Prospect(Korea)e] A&FS AFE-3F3ATh
Culture-Insert 2 well 24= ibidi(8.4x8.4x5 mm, Germany) |
ZS& X839t Dulbecco’s modified Eagle’s medium
(DMEM)2 WelGene Inc. A &S A}8-3}$ 3L fetal bovine
serum(FBS),  penicillinstreptomycin<  Gibco(Eggenstein,
Germany) A|EFS AF&3}% T Rheological rheometer=
Malvern Panalytical Kinexus lab* rheometer(UK)E A}-& 3}
AT},

Az-HAS| MI=. Azidophenyl hyaluronic acid(Az-HA) =
Aol & ool Bare up Aek ! ZkeFsiA| disiak
™, hyaluronic acid sodium salt(HA, 100 mg)E SHF
(100 mL)ol| 83 A1Z] 5, 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride(EDC, 92 mg)2} 4-azidoaniline
hydrochloride(98 mg)S 3 7}3te] wHtatAth o]oj A IN
NaOHE 37}t pHE 7= A43IATE. Oil baths 4ol
HIX|BIAL 60 °Col] EF=2 aF &3 wHeAIAT q4E
E3) A& AHE HoRle &vlE FEAH Y. Methanol,

conjugated bovine serum

AE |83 Injectabledt 31 2] Az 453

acetone, etherg AM-3l] BAHES Al slaL ol B2t &
Az 9 AFAR S ol HFH R YHES] Az
HAZE A Z3F4tH(Scheme 3).

Az-HAS| = BY, AlZd AzHAS] +229] 548 &
olx7] 95 FTIRZ '"H NMR spectroscopys A1, ©
A FTIR 415 918l =2} ApdrS o]&-3ste] Az-HAZ} KBr
< 1:1009] v &2 STt SHES A5 -, T
t2ag vheo] A9 #3718 &3l SHsATHETIR
8400S spectrometer, Shimadzu, Kyoto, Japan). '"H NMR #
212 98 AzzHAQS mg)Z D,00l Ho] =S vHEx 'H
NMR spectroscopy S &3+ 4 3t THGemini 2000,
300 MHz, Varian Inc., Palo Alto, CA, USA).

Rheological Analysis. UV ZA} f-5-0] wa} gaA] =
Az-HA fFEA¢] fRisHs] E4S B4t WA S/
o =21 0.1, 03, 0.5% &=°] Az-HA &5 whEo] fre]u
of =al Hof| UV ZARsI] Z37AZ2E sIth48 mW/em?,
1 min). ©] ¥ 37338 AzHA AZS A SFH500 59
7} 1mL9] 0.1, 0.3, 0.5% &5 Az-HA $8Hd AEL vt
E2h UV 2AKE 3] %2 0.1, 03, 0.5% =2 Az-HA
ME3 UV ZAHEE 0.1, 03, 0.5% 559 AzHA &S
Malvern Panalytical Kinexus lab" rheometerS AF&-3}0] =4
3} 4 tH(Oscillation measurement: 1.0~10.0 Hz, Shear strain:
0.2%, Temperature equilibrium: 25 °C).

CHEE XSt A8, Az-HAS] T d ks 743} 75
5 3lst7] $lal fluorescein isothiocyanate-conjugated
bovine serum albumin(FITC-BSA)E AFH&-3}$ T} FITC-
BSA(1 mg/mL)Z 373 0.5% 552 Az-HA &8 4]
st} fEjvte =ek §, UV A THA8 mW/em’,
1 min). AR AIES A20llA e8] A7 5 2Ap A
WS ol-gato] ATt LGS A] 2 FITC-BSAE A
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Scheme 3. Preparation scheme of azidophenyl hyaluronic acid derivatives (Az-HA).
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Seed NIH3T3 cells
in the growth area.

Prepare the culture-insert
on 24 well plates.

Scheme 4. Process of cell proliferation test (in vitro scratch assay).

AZ3I . 395 AES 4 E 17 (TS-1000 microscope
interfaced with NIS elements imaging software, Nikon,
Japan)©. 2 st
MY WE MH. AzHA REAS) 2YSHE GuuokE
|SHom REHE NE s 5 i U
713 315t} Bovine serum albumin(BSA, Sigma
Aldrich, USA)E =8| ol 43273}319] Bradford assay
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FEC] Az-HA 848 FH eI 7 A&l BSA(l mg)E
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BSAS 7731519 th48 mW/em?, 1 min). BSA7} 24 3}H
zHd Foll FRTE A7kl 6r17F 9t A skEA] e
BSAZ} EH =S ok 2AYskEA] 2 BSAS AAS H,
Hl 4877F FRF 1247 A o8 e Ro R SRTE
A 7tete] F7E2 W& 5= BSAS &S UV/VIS spectro-
photometer(Optizen 3220UV, Mecasys Co., Ltd., Dacjeon,
Korea)E ©|-&3st] 450 nmol|A 78313t

MZSM ME. 37431 Az-HA F5A7F AE el 2t
|al=A] oAFE Lolr7] 918 WST assays ©]-8-3te] Al
EEA A9E AT 03, 05, 0.7, 1% TEZ Az
HA 898 FH5kth 5% CO, incubatordll A NIH3T3 Al
FBS(1%)%}  penicillin-streptomycin(1%)= -3+
DMEM #lix]e] i Fslaint, Al2E(5.0x10° cells/mL, 100 pL)E
96 well platel] HZF3I3L, 5% CO, incubatoroll A 24A17F &
QF 37°CellAM wigsiaint. A7 3 §-, 2H2Fe] platedl]
FTEHE AzHA £9010pL)S H7FSIAL 5% CO,
incubatorel| A | th 4847+ &<t ettt 7 vl FA ket
T} CCK-8 4918 A 1IN AES 2/7F B3t vldsisint
(10 pL/well, Kumamoto, Japan). Microplate reader(Molecular
Device, 450 nm, USA)E B3l 12A17F 7HA o2 Aaze] &4
=% 2339k,

MZZA] ME. In vitro scratch assay= A|@3 WollA &
e ek A9 whEom AEe) B 2914l 17

atel 249 TPl RE AlEe] 2447E 7t
oz delst 4= St} AzHA F=Ad 2gskE 4

o

o
NI

o |

>
jul

> o 4y
> ;0

1

ZEH, A444 A4%, 20203

A - ol

I\:’? i I| —
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Remove culture-insert.
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Fill with media
added each sample.

Observe cell proliferation
using microscopy.

ARAA7E A S0l ZHg-shex] o] AR5 FRlsh] 215
In vitro scratch assayE A A18}A T} 5% CO, incubatorel] A]
NIH3T3 Al 25 FBS(10%)<} penicillin-streptomycin(1%)<
k3 DMEM HiA|)] viFstiet. Al3E(4.8x10° cells/mL)E
24 well plate Tl Y12 5 712] growth areacl] 70 L2
HZE3HL 5% CO, incubatorol| A 12417F =<¢F 37°CollA] Hj
Falsith. AlZ7F 5 712 growth areaol] ME7F F-2fw|o] 2}
T RS RIS o] A7} AebA] 282 culture insertE A
ABFAL 1X DPBS(500 pL)E Al &2 sll5=2Uth. FBS(10%)<}
penicillin-streptomycin(1%)< &-F-¢ DMEM HJA] 1 mL<
coating area®ll T %, Z} wello]l PBS(100pL), free
FGF(100 ng/100 uL), 1% %=2] Az-HA £9(100 uL), FGF
(100 ngy7t 327438k 1% 552 Az-HA £(100uL)S 37}
3F3Th. 5% CO, incubatorol| Al 24X]7F E<F 37°Col| A wj<k
s 6AIZF ZHA SR ZF v AT dn S Bal Al
2 AL E AT Scheme 4).

SHEH 24, AP A= A FHAES] BE
W BALEFAUAE FAFH, BAE E4 S 96t
GraphPad Prism softwares ©|-8-3+ Tukey’ test®] o] itikt
A1 (Two-way ANOVA)YS AASFATH*p<0.05, **p<0.01, and
**xp<0.001).

i 3 EE

Az-HAS| 7= B4, AzHA9| 8}8H4 +2 ¥4 FTIR
7} 'H NMR spectroscopyol] 2J&ll &1t = AUATHFigure 1).
FTIR®] HA spectrum®] A& -CO(1650 cm™) &<=th ¢} -OH
FH (3400 cm™)yE ER1E = ATt Az-HA spectrumel|A]
= HAZ} 7FA ZR8-71E Bt olU2} 2124.6 em oA azido
719 &4 HaE I1E 4 JA+=1, ©l= azidophenyl’]9]
C-N amide bond stretch’} A= A2 & T AU
TESH 'H NMR spectrumdl|A] Az-HAS> HAS} €] 7.019}
7.44 ppmel| 4] phenyl ringoll SF3sl= F 7€) proton I IE
Qe F AU olof A2 AFHE HAS 7HEA] 7]
azidoaniline®] ©}¥17]17} g2 2M Az-HAZ} AZE A2
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Figure 1. FTIR spectra of hyaluronic acid (HA) and azidophenyl
hyaluronic acid (Az-HA). In the spectrum, the specific peak of the
azido group shows at 2160-2080 cm™. As a result, it can be assumed
that an azido group was introduced into hyaluronic acid.
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Figure 2. '"H NMR spectra of hyaluronic acid (HA) and azidophe-
nyl hyaluronic acid (Az-HA). In the spectrum of Az-HA, there are
two proton peaks between 7.01 and 7.44 ppm (benzene rings of azi-
dophenyl group), indicating that Az-HA was successfully prepared.
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FeA e} g orE o] E3E 4=gld] UV A3}
FAsZ Qsle] ghlFo] yAIEE AL FE 4 )
t}H(Figure 4).
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Figure 3. Rheological analysis of (A) non-crosslinked 0.1, 0.3, 0.5% Az-HA; (B) crosslinked 0.1, 0.3, 0.5% Az-HA. As the concentration

of Az-HA increases, the storage modulus of the hydrogel increases.
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Figure 4. Az-HA particle form observed under a fluorescent microscope: (A) observed in visible-light filter; (b) observed in fluorescence-
light filter. It was confirmed that FITC-BSA was immobilized on the Az-HA derivative.
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Figure 5. Protein releasing test. The amount of released protein
according to the concentration of Az-HA photo-cured on dressing
foam was measured by Bradford assay. The higher the concentra-
tion of Az-HA derivatives, the slower the release of BSA could be
inferred.

=9 Az-HA9| 74 3% BSAZ} 27%, 5% =2 Az-HA
of ZA3sE BSA7L 25% HEFHAS & UATE. 484
7 B9t A7 el w2 BSA WEHC] FolE HoS ),
Az-HA®| F=7} SS75 BSAY| WEo| W] dojuyal 5
T7F =575 BSAY] =] AT doju= AR f5
& = AU hK(Figure 5). o|¢F 22 AFANE Fotod Az

2] AzHA°ﬂ B stE T okEo] AA Wol|A] X&4
S 7 4 918 Ao E AlEHT) TSk Az-HAY] w0l W
2hA] ThlEoREe] WEes AT F S Flo=E Arkec)

M=ZEM AME. In vitro 7dollX 9] 373318 Az-HA F=A
of that AEEA JrZ Lol 7] 98] WST assayS A

Zm, A444 A43, 20203

0N £ control B 0.5% BB 1.0%
3 03% @ 0.7%
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Figure 6. Cytotoxicity test. /n vitro cytotoxicity of the Az-HA mea-
sured via WST assay. Cell viability of the Az-HA was more than
when compared to the control group for 48 h. n= 4, *p<0.05, **p
<0.01, and ***p<0.001 compared with the control group.

sttt A% A3, dixwat vwds o 3y AErt o
2 248 He Ao T F UeH, 1% sEe
Az-HA® tiafiA= 2 tiH] 150% ode] SEE B
Ath(Figure 6). ©] A= Tl AXE Az-HA F=A= F
AHIE o 2A Aol] A-8H S wf Falistr] wiwo] AA A
A2 e 7PsA o] Atk TerE

MNEZESA] MY, 2 Ao s HAS AA Ul A&58S 5
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