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AN B F5317] 9 Bukg BE71E 2 3|olF-2413 sodium alginate FEA 2 A ¥ A
A& FAshs FE-S WU vIHAE BED o] YT nEA AAHE A FEld FE o
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ABSTRACT: In this study, we tried to design and synthesize using natural polymers
(hyaluronic acid and sodium alginate) and also to make some kinds of scaffolds as sponge type
for reducing the burst effect of loaded drug from them. Photo-dimerizable group was incorpo-
rated to hyaluronic acid and degradable hydrogel was prepared by the UV radiation of the
polymer. The pore size and its distribution of scaffold were controlled by changing micro-
sphere production conditions such as solution concentration and spraying pressure. It was
found that drug release behavior from synthesized scaffolds was affected by hybridization of
two naturally originated polymers (cinnamoylated tetrabutylammonium hyaluronate; CHT
and cinnamolylated sodium alginate: CSA) and the obtained scaffolds were degraded in fairly
long time (about 2 months) under in vitro environment. Therefore, we expect that obtained
scaffolds can be applicable for the tissue regeneration scaffolds in the fields of orthopaedic
surgery.

Keywords: hyaluronic acid, sodium alginate, microsphere, polymeric scaffold, spray drying, bone
tissue regeneration.
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o} 2L o] &Y ZH FEHE Scaffolde] Az} & WE AF VY AF
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3o} &4 (hyaluronic acid; HA)2 A X7t
FPASA  EEXHol Y& glycosaminoglycan
(GAG)9 dFozA dedt 37 FAA7L ol
A oA AT Fate] 3x WESA
THacz  Agsldl AFE A 99,
proteogylcan®} 4 ZAREH 43 48e 3’ 4
Sotn} flow resistance, 33 Yol ezl
Zgo) u)XE F2 FEE $EHo2 2N, §
#HH =7} =0} shear stress2HE] AFE BHIdc
B Z FgrE okt BF E2p FERAME
free radical scavenger2A] #H&3t:,* CD44 cell
receptord] tjd AARzIZ A¥e] H&, AA, ¥
3}, o]5d JEe o6 EPH AxY S ¥4
5,7 494, 434, healing processd] &3}
2 59 o4 JIx J1%& FAs Yok oY EHY
§ sEdx BF3n HAE +#84, #e Ay £
4 2 23 WolAMe g& M7V g 38l
Ag=lol 2 givt. ot HAE A A4 2o
S Helg /X3 A, FREARA 2 F
e o]8-3e] HAE esterification,™ sulfona-
tion,!! amidation'? ¥+gdl| o}8] t1FFe B B
B2 Adsd, HAO EA3l= -COOH7|7} 4%
of ulzt -OH7|etel #2 Ul $AaZFol FoiA F
gtn 2549 AER AAHTH Joprba ZhaA|
2 AddE HAE B84 48 g3z gy &
73 oA 53 HAE BHEA ot

A9 283 oA Ve g HIEe Wt &4E
B T B Alzte] Ay, EeiAYd WA
oFEX 7719110 yygsloly F)2te] X857} Past
U, AL 247 Bd A e Aot o
F dRol) FHId olze] AP dFE dE=
2o Aol HEFAY olF, Z2AdE ALY T
Hom AHEs FHE, Rie AL =4FE
cytokineE7 AAQAEE AEADA AR FHY
Yoz £ Br} 7158 AAHE FH I+
Eol A= Yot

B A3e a4d" FRAL AYATI A e
A3 71AEH BAL T ze HE a8 A
A AT Bdeoz, AXDE G HAY &=

Fao A256A A4% 200143 7¥

FollA 2% AFGDEAQ) sodium alginate (SA)
£ Y82 3 model drug& ¥JAIZ ¥R 1]
HTHE AZT o, Wi AL AN F olE ¢
249§ taag AFsldn. o) taarieg
Az dzlel W oE R FAY AEH 54
AP oz AP T2 AU L 7154 AR
A9 34 e E FEEHA

4 0 H

Al 3 XYE. FolRER (HA)E (F)HHY
(Pacific Co., Seoul, Korea) o 23%€e A Fugtct.
AFee HAE 28 £ 1200090 F4%4&
Alg-sle] 18 M@ gol242 33Ut FM3o, AR
Alzke] HEl=g AAZ F, -70 CAA FEAx 3}
gt} Gel permeation chromatography (GPC)
(Dynamax Co.; model SD-200, detector; UV-1,
column: Viscotek DM 400)2 =43 HA< 2x
a2 170000013 t}. Sodium alginate (SA)&= <)
38 (#) (Yacuri Chemicals Co. Ldt., Tokyo,
Japan)ol Al T¢3&ld Ag&lgc}. Cinnamoyl chlo-
ride Aldrich Chemical Co.(Milwaukee, USA) 2}
734 (Tokyo, Japan)old 74 A& HA ¢l
o] Al&3H . N, N-dimethylformamide (DMF) &=
(ZF)HA (Daejung Chemicals and Metals Co.,
Seoul, Korea)ollAl ¢35t} Pyridines= A%
o2 TEDIA (Tokyo, Japan)dlAl T3ttt
Tetrabutyl ammonium hydroxide (12.5% solution
in methanol)¥= Merck (New Jersey, USA)dA]
FstHet. A¥el ARME-3 non-steroidal anti-in-
flammatory drug (NSAID)<%! indomethacine (1-
p-chloro-benzoyl-5-methoxy-2-methylindole-3-
acetic acid)& Aldrich Chemical Co.(Milwaukee,
USA) A 73t

Cinnamoylation of amphiphilic tetrabutylammo-
nium hyaluronate® 52 FAZAI7l HA lg&
100mLe} FHFA 54 oF, &0l FAE
15cm EFol2 ¢ columnol] HA £oig BAA
sodiume] AAE S0z VEL, ol 10 CHM 2
"} 29¢) tetrabutylammonium hydroxide2] 12.5%
£ 30mLd 33t Tetrabutylammonium
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g@3g - AAF -

hydroxideo] Boj=d HAE FA 353l §2 2
% &}9dt}. Fourier transformed infrared spectro-
meter (FT-IR)(Mattson 5000 FT-IR, Mattson In-
struments Inc., WI, USA)#} proton nuclear mag-
netic resonance spectrometer (‘H-NMR)(Varian
Unity Inova, 500 MHz, Germany) %% 22 HAd|
=51 -COOH/F doz A@=ALS #AT o
&, 349 tetrabutylammonium hyaluronate 1g
& DMF (100 mL)$} pyridine (20 mL) 9} E§4-
o =9l ®, AAE7] A cinnamoyl chloride
5mL& 20mLe] DMFo 34A#A H3sid, 8
AIZE oAt W xtE A 4 ColM AR v
$o] By 5 HF AL dddRgd FAANTID
78 3 HEY F¢ AFARVAM AZARG
(Figure 1(2)). ARA#A & W4 24g B =
o B3 Exge] 80009 FAREE o|43ld
18 MQ9] "oj 242 3Yt F45o vigES A
A e, 52 Az AFHoz 9N By
(cinnamoylated  tetrabutylammonium  hyalu-
ronate; CHT)& 4dch 7fd€d HA {REAEL
FT-IR, ultraviolet spectrometer (UNICAM UV/
Vis spectrometer UV 2, USA)¢} 'H-NMR 3o
2 cinnamoyl7]9} £¢4& #9134t Cinnamoyl
712 AA"E AxE 71A EFx9 cinnamoyl chlo-
ride $902 UV §4se] e s=8 24248
ol g-sted FaiRTh

Cinnamoylation of SA. 0.1 Me] NaOH &<
50mLol] 1g9 SAE = ¥, SA &4& Ws
2718 AHg3ld o olate] o] FLsA FE
®A §&% g, of £H¢ 100 mLe] DMF&}
30 mLe] pyridineg A8tk 40 CAAM %<
cinnamoy! chloride 20 mL& %3¢ DMF& 34
A7 ohe, 234 W 4 oA e e
2 8AIZt FQt whg-& YA A Vg F N LA
& AteldlM ERsn HFe] oMESE
cinnamoylated SA (CSA)E AMAIA HFHAC.
A ¥ ALYALE A N3 AFAEI|NA R
W b AxAA WA 2ug 2 (Figure 1
(b)).

B22ixHoll ot CHTet CSAS| o|@ixist. /i3
¥ HA (CHT)$} SA (CSA)E EHul&& 10:0,
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10:1,9:1, 8:2=2 8 24zt 1, 2,5 6wi%e 5
gog vt 2087 2&0E Xalsigoh. CHT#
CSAd " EE1%7] (Buchi Mini Spraydryer
B-190, Swiss)o] &4z & the o] HABA
A" HA v@zaEe 29t d&3719 flow
rate:= 6503 800 NL/ming] % 71Xz AA3A
3, 89%e] inlet temperaturetr 185 C, outlet
temperaturex 110 C, aspirator control 3 pump
control& zt7] 133} 49| gre g nA3YT} Fojal
udze] el FAE AAEeA (SEM)
(Hitachi S-2200, Tokyo, Japan) 2 g #&3}9c}.

otEMBOoZ CHT/CSA DiEXE2fe ClA39
HE. Az v EAES @5 B UGS /¢
Z# A (Cravor Co., USA)E A&9lA4 15 metric
ton2] ¢4#HE& it FA471 0.5, 0.7, 1 mmel €2
3 gz Azeigd. daz g9 77 10,
20, 3087 A4 A=E 400 W UV lampE FQo
2 3o UV-D33S filter (Toshiba Co., Tokyo,
Japan)2 350 nm o]49] Aol Alid UV 3
& ZAE, Bzt staekg-g KA O (Fig
ure 1(c)), 297 pH 7.0 PBS &9 ¥HAA 2
Z v7in & AAzL 2 AxE F 28X T
ZE 7 2R AN E QA 3L E U3
7] 93t gAag s A dHF e ¥RTEE
SEMo 2 #&sgirt.

oM #2l. Model druge A NSAIDe| dFo
2 84 #AdE 2 75Y SR 3+ indomethac-
ine-g A3} ch. Indomethacined &2} Al 7}#|
W o2 loading i Z4zte] WE 54& ¥iuw A
E&An

1) CHT g9 4&& AN £ $9¢ U
I ojE #F Axs= .

2) 3% Az" HA vzl B B8-S ¥}
3l AT AxE VYAE 4 dWE= 3.

3) HAR|Ate 2 qF% ¥l t238 vHE
i, olg WMeeZe&d 48147 indomethacine
Ao @7} FE& AT .

#ot o 3@

THEE HA 3 SAR o|B8# oiEXe Hx. §5F
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Figure 1. Synthesis (a) chemical scheme for modification of amphiphilic hyalurcnate, (b) chemical scheme for mod-
ification of sodium hyaluronate, and (c) scheme of photodimerization of modified HA and SA.

AxYL o)A, HAe BEzAdqME A9
zol7b A e THY YA Az FtEIAT

(Figure 2). A3 A o7t 5d HAE tetrabutyl-

ammonium7]¢] £¢ o2 DMFIx &34& 714
A =Y F%<] cinnamoyl chlorided& H713&
o HAd] #j&] o ¥ cinnamoyl’|2 HEE +
ATh WA 7 wet o =YHE e AN
€ CHTE ¥9¢& & UdH (Table 1), ©lF M2
% 98mol% ¢ CHT103} 4.22mol% ¢! CSA03&

#Faiol 42598 A4 2001Q 79

Hajj 71dAE vjg2 Y AL, 47] 1, 2, 5 wt%
FEAE e 2F R Ao Y] mor-
phology & SEMcoz ##d A=E Figure 39 4
ehli2lc}. CHTd SAE H7isled A3 oAty
74, CHT (Figure 3(a))y} CSA (Figure 3(b))
gd=o 2 AE vjyald &) A3 Aol F=
H2A o, U AL ZAe VYA EAF
£ ¢ & A (Figure 3(c), (d), (e), (f)). ¥4
CSA % CHTE& &H3le #5 2% nEA vg
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(a)

Figure 2. SEM images of CHT particle before and after spray drying: (a) before spray drying, (b) after spray dry-
ing, and (c) after drug releasing for 30 hrs.

Table 1. Modified Products Properties
a. Degree of modification (HA)

rxn time yield degree of modification

(hr) (%) (mol%)
CHTO1 6 91.1 0.717
CHTO2 12 93.3 0.856
CHTO3 15 92.8 1.018
CHTO4 17 94.1 1.087
CHTO05 19 95.4 1.458
CHTO06 24 93.1 4.220
CHTO08 28 92.9 4.544
CHTO09 36 91.6 8.310
CHTI10 72 925 9.832

b. Degree of modification (SA)

rxn time yield degree of modification

(hr) (%) (mol%)
CSA01 4 91.3 1.541
CSA02 6 88.1 3.408
CSA03 8 85.5 4.223
CSAM4 12 92.4 0.792
CSAQ5 18 916 0.854

A= CHTRlez BFEAH e oY} (Figure 3(a))
o Bld @77t FelHI FAld #dE FHE A
98 4 £ YA} (Figure 3(g), (h), 1), ().
AdgRe BRAZHA o8 3% dAE ZEE
A APte] FAE ¥ shEsiden, obga
%37 FYUS=E7 mETE o Fe 4FE #de=
o P47t dojAE 4 ¢ U (Table 2). ol
4&F78 FYSErt mEd ERAZEIY &AL
Fol A EAEA T GEF717he] Efol] 2 F ulA)
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£} (atomization) o] © 2 dojupy] Eo|c}. &
H, #RAzA 3FEFE AR 4F I F
A&x, ABLY9 FxE A3 TFIE (Figure 3
(e), (f) and (1), (1)) GFT A27]e] v|HAE @
€ F UUR FolA FHNA LolR BRE vjHA=
10 mE 9= %= 43 € 7RI U (Table
2). CHTol| CSA¢t SAE H7tsld AxE wgA
= o4 Zwis gdE A Hed, ol 1
CHT &z} Al& Alol2 &2 Aks9 SA &2 CSA
7} 710 Bojrl o 4% ¥ele FXE 4T
A7l dEo2 AIREY. ¥Al nozzled] 2%, F&
9} 4537 fY&Rd AR wHAEe] Ze
37 9 Feo ¥y Jelged, ¥ dFdiAe
A zA& AR A3

Hz=E oj@Xxe| #7t@W. Cinnamoyl chlorides}
HA % SAsete] wigd] mE /RAEe] zolE whgA|
ol wE & NAxe] W3z EANE Ans
Table 19 et HA S} tetrabutylammonium
712 A@E HAE 2L A B9 2 49
cinnamoyl chloridez §AA|7|dele MATe x}
0|7} 4.2%9lM 83% = Tl 1= ®UTh olE
tetrabutylammonium>] 29] x| $te] HA2] DMFd|
3 s FHATIRE, FRo] A Y=
ZHo| A Hkgo] AFwlo] cinnamoyl chiorider]7}
n|x$ke HAd) B]3] tetrabutylammonium”|Z )
#9 HAC o Bo] H7lsEles 2] AFEH7 &
ojct, ¥, HAYlo 2= o nEA A A= £
de| B4 FET 7IAAEA BAE JeRlZ] o
o, F37E =Ystqd HAE 37t Al9Ig et
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SolF B A4S ol 4% £ FHE Scaffolds) Azsl o8 WE AFo BV A7

(@) (b)

(M (3)

% Aol A hyaluronidasee] 23} #a€ & sl7]
o, e BFolHst nEATt FEF JAH
? B4E AEE ] 98 HA9L 723z §4
g 2GR Al 2t 71 E ARG YA
SAg nEAE B7sigch SAE TUF 243
A] cinnamoyl chloride® /N Astg o}, SA2] 734
HA9= vt oE i3 ddE Jeplidd. &,
cinnamoy! chloride}e] wk2-2 8Aj7to] 2 }H 7
FEe =7t #ishe 2AE 2EA o, 37}
woll AL 7hed Adx= HA 39 8%cldol,
SAE 4% oldeld #7tuzt 7hEsidch ol F
ERo &A= Aolol 7] EAzr &5 £
A gFoz Algdcl

Oi@X 9 DEX XXHEBRES 4F UE =
o, FELA T EF FAERAL Alge oEe
&4 glo] AUl &S vigald] £ + A
ol BF Hxdx] g CHTE o83 tixa 3
o] @zt XA 7 B oE YFE HY
I, B5 24z22 foj7 CHT vigalol A=, CSA9]

£ 30

&2l AI25¢ A4s 2001d 7¥

(8 (h)

Figure 3. SEM micrograph of modified HA micro-
spheres: (a) 1 wt% of CHT, (b) 1 wt% of CSA, (c) 1
wt% of CHT-SA (10:1), (d) 1 wt% of CHT-SA(9:1),
(e) 1 wt% of CHT-SA (8:2), (f) 5wt% of CHT-SA (9:
1), (g) 1 wt% of CHT-CSA (10:1), (h) 1 wt% of CHT-
CSA(3:1), (1) 1 wt% of CHT-CSA (8:2), and (j) 5 wt%
of CHT-CSA(9:1).

o] FU1EE oFE Yol Fristsch (Table
3). ol PIYRE gHAdEeEe A& txag of
E #YUS sl vEe= & /8 o) a4
indomethacine & 4o g uj, CSAXRo] meyd
F2EAM HEHo Lojzhl 4EE F4Y F US
B ope}, CHTO) vlgjA A4 #2191 CSA7E A
g0 ¥35)H £44¢! indomethacine?] & &
AXH & 7] Qo) #F Az % CHT
= BF Adxsld d& vgriEt 57 (voud
volume)o] 7AA o @& ofFo] FYUHY= AN,
kgl 7] W&o Bolr|7] wFo =3 AHY&
o] AR A gTEE YARIe] Aok A
M AGEx] @FSE 4 + UNCH (Figure 5).
Figure 4+ indomethacine® %93t CHTI10 v ¥
AZFE A7 mE HEY WEAFE HAFD
Qom, 2A17 Al 6417 Alolel] ok wWHEo] FF
3] o] RojA 1 9d&& ¢ & Utk ¢ CHT/CSA
o] B3 vigals &4 pHYl H& AT 4
g v x+&=d, CHT tiA=aE pHe w3 E3
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Table 2. Microsphere Size and Its Distribution according to Spray Drying Conditions

mean particle size (m)

feed conc. -
(wt%) compressed air flow CHTI0/SA CHT10/CSA
(NL/min) 10:1 9:1 8:2 9:1 8:2
) 650 31218602 321127542 3.54+3.208 1.92+2.926 1.76£2.072
800 2.50+4.026 2.75+3.190 3.12+2716 1.54+1.405 1.67+1.567
2 650 4.21+4.751 469+5.121 4.93+1.953 251+1.272 251+1618
800 3.35+2.986 3.69+2.260 3.82+1.762 2.13+0.976 1.85+0.488
5 650 46419818 6.49+4.999 7.95+4.787 2.92+1.451 3.12+1.440
800 3.69+3.801 446+2215 591+1.39 2.83+0.933 2.41+0.343
Table 3. Amount Difference of Loaded Drug according to Microsphere Composition
. <tion CHT CHT CHT/SA CHT/CSA
mpos powder microsphere  10: 1 9:1 8:2 1 9:1 8:2
amount of entrap-
ped @g (me)/ 0.22+0.016 0.21£0.059 0.18+0.034 0.14+0.045 0.13£0.028 0.24+0.039 0.27+0.023 0.29+0.013
matrix polymer
(mg)

¢ (not spray-dried).

1.0 o
0.9 o ..: ''''''''''''''' $riiitiiiiiiiiosd
[0} N v .. P R TEERER,
» 0.8 '3 roet . M
o RO
2 07 . . .
] R -
sosl &
S o5l ;4
S 04]:
2 Der
£ 0% - # - not spray-diied CHT dinc
< o2 ¥, <% - sprey-dried-CHT microsphere
= < - apay-dried CHT/CSA(10;1)
RE 3 o apray-cried CHTICSA®:1)
0.0 Y +  spray-dried CHTICSA(8:2)
0 5 10 15 20 25 30
Time (hr)

Figure 4. Drug release behaviors from various spray-
dried microspheres.

3 o8 WM2AFE Roluy CHT/CSA BA= dx
z@e] A% pHrt Z71E5E Hgo) s FEWE
o] wal dojtty, CHT/CSA Ed=r} Jeplie
pH #¢4e SA7} 7Hx& pH W13 AX %Y g2
§ Aoz AmdT. 7HE Ayl A 7Hx] W,
1) CHT solution®} o}E8H& E§sld B2 AX
=, 2) BF AxE de vigals) oEe ¥
A HE F 4 48sh ¥, 3) 4F 4¥gPe=
HA9 dxzg e ¥ dEdzgd £+
indomethacine 44 @7} & FFA7I ¥
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o2 B Ydiged, dE4d9n A4 £F A
Z3E g9 £4 glo] & HEFEE Ze vlY
AE A& 5 U, SAS} CSA7} 43 F+49 0|
HAE TE H 4EE F549e A$e CSA7L
HedF g BEEe 42L& /X o] 22 F
Aol AlE W o gL 4EE YT + ANUTh
7V wE BEAdo] ¥UuW AMEE EEUN CHT
£ EYst BE A2A7 £, F7MaAT A8
At} ol JiEE HA H#2AKE9] cinnamoyl”] 7}
Bl o tetra cycleg HAIHAAM  Fol3}
(photodimerization)® wgo] Yolu} 7l g A
3t7] W Fol vl ale] dxrt Frhsle] nlg T Al
W&ol AAE F Al "ot XHE =7
o}E9] 50% 7t HEE w7iAe A7 pHe) A
A sl Figure 604 Jepfgich. SAst CSA
E 5% A=Ee pHY watA vlgzl tfxaze] 3
& A%o] el =H pH7l Wold+E #Hio] ¢
Al dolut GELEo] MAsUeH pH 9.090M4
vl zte] SA9} CSAREe &30l Fiste] W
532 ofEWE] dojyith HE AEH GE B2
gL vlgsy] 2ol 50% &7 Al7ke] 7}
3 1 RE& 4Ze pHolM 8 LEo] 7HY AAH
= Fojata Awe = 9l
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Bl o} FEALE o] &8 = P4 Scaffoldel Az} *E HE A BFFH A7

Amount of release

Time (hr)
Figure 5. Sustained drug release effect by spray-

dried microspheres formation for 8 hrs(-——- : not
spray-dried CHT particle, — : spray-dried CHT parti-
cle).

12

wntian CHY disc gel

wmpee CHT/CSA microsphare
10 g CHT/SA microsphere

* & Drug londed CSA gel

Ty in the PBS medium (hr)
>

o

3

pH
Figure 6. Half life time of drug release from various
scaffolds (T, : time for releasing 50% of loaded drug).

BN

o|2XHE o|&% X} XiX{Me M= &7 A
2 @olx CHT vgaE 45 433l txa ¥
Hz Az2% o, daze F4E 0.5mm o|sZ 9t
€9 w7t F& glo] AAMrt rlud tA2aE ¢
& AN T (Figure 7(a)), o1& & FAL IH
AA ZE Ve vrtaEg AALHENA @
< AR 2FA F2E JERIRIAL, pore sizew
10~30 Y& & 5 U} (Figure 7(d)). &4
1.0 mm o)e] FAlZ PEH FHANMT 7hi vk
o] dolut, 29 HAE B & AZJAHA v|rlunEE
AASE 7Red7 vloln o] 25mm FEQ
sack T&eo] uEzL AAH7L BoARE HAF
it (Figure 7(b), 7(c)). &49 ZFZ3 L JA

#2lof A25¢ A43 20019 79

()

(d)

Figure 7. SEM micrographs of synthesized scaffold.
(a) surface morphology of scaffold with CHT/CSA mi-
crosphere, (b) cross-sectional area morphology of disc-
formed microsphere scaffold before soaking, (c) cross-
sectiohal area morphology of disc-formed microsphere
scaffold after soaking with water, and (d) surface mor-
phology of disc-formed scaffold with CHT/CSA (2:8)
microspheres after soaking with water.
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Ha4

a7] flal 22Fee oz Jopd ¥& i gsta
A o34 AAA 7 B F P20 CHASH CHT #)
HAZA] ThFEE pore sizeE JAE AAAHE e
T UL Ayt

XXIxe| =25 Y. 2E M8} 37 C, pH
7.0¢] PBS &9quiolA &3] HalE g7x Az
£ ZA31Yrct. CHTI0S 4087 ol =2AH =
43 72E A 7 AEE 2149 B FHE 7R
L ANT AFLLEL 30+£5%9 ol &
CHT A+ pH 7.0¢] PBSWA 20149 Z< A
A3 BHEs AFS BYoen, CSAS Egsd
e % A9=E= 2948 Jehidrh ojz3y
CHT/CSA A= &4% Fx¥ol AYE Fd
838 249 F2E #% 7Fedln Tl B8l
o] &3] Fo Fxog YA 7Y 2=
A2x A + U FoE Hojn ERUzYE
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