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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 regemeration.
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&) o} =24+ (hyaluronic acid; HA)& N E7 )
FHstA B¥Hol ¢Ye  glycosaminoglycan
(GAG)Y dFo2A B&d 270 234171 o=}
Aeld gAA AT #Eale] 33 JEHYA
TAeaE  FAgsld'  A4F  AY  dwd,
proteogylcan® 44 4z 24& s, 4
99} flow resistance, ¥} dwizo] Medzel
Fao vl £E #¥e sHos 2H, &
& Hd %7} o} shear stress2EE] AZFE BT
82 A8 Bkt T B FRAME
free radical scavengerzA z8-38l1,° CD44 cell
receptord] g i PAE AEe H3}, A, &
8, olgol FF& v 54T AXYNE 84
31, 94224, 848 A, healing processol] o3}
= 39 43 717 7)%5e SR8 Yt o) gy
& FEd = E73ln HA: 84, mE A &
g L =23 e g2 A7 g7 $80
A=A gioh. wes HAE AW #7304 B
AR 2 /R3] 8, FHEHA e E
wo olgsld HAE esterification,”® sulfona-
tion,'' amidation'? ¥h-g-o)| ola) thRFel WE7] B
& /MAsHE, HA9 EAlslz -COOH77t 34 d
o utz} -OH7|ete] B2 Wl F4aZHfo| Folx %
w@alal A4 AsE AFE. JolrlA shaA|
2 /134" HA: 884 A& 43 lnz =8 @
73 WA S8 AR S THA Aot

AR 8% o8 7EE HEste Wy S
B AR B Algte]l Aed, E=Fd Wy
FEX 2PN Qe H o s Br|zte) N8st e
U, AT FXA7)= el disie a7t v
F3 dHolrl. HZ ol2y U IFE AFE
Hol Aol HFHY o) F, T2HE HEY B
Hog AHEV FHE, Rzl AL zdFeE
cytokineE3} AAJNAEE FEAZANAH FEH%
Hoz Q% B 7|53 AXA S /Y AT
Eo] Al=¥x glrt

2 d3e &4 2RAE BN 98 BE
A2 71AH EAE TAO s HE nEA AA
e Y ERoz, NEFE AEA HAS =

#2l #2564 A4z 2001d 7€

FoAlM F&3 FANEAR sodium alginate (SA)
E 87 39 model drugg& YA E=2} 7
H7& Az o, Bt 43S AR F olE ¢
A48 E H23ag AFsigoh o8 dAaaz R
At Estd] g oGE WE 543 AR 54&
dELH o2 B3l F2E ABE 71548 AAA
2Me] && 7 E HESC

4 #

Al o ME. SR EN(HA)E (F)HHY
(Pacific Co., Seoul, Korea) o 2R¥e AFw9tct.
A3 HAE 28 Exgo] 1200090 F4wg
AMG3le] 18 MQ "ol 22 397 BM3ld, AL
2o HEl=g AAS F, -70 CAM F2A=Z 3
gt}t. Gel permeation chromatography (GPC)
(Dynamax Co.; model SD-200, detector; UV-1,
column: Viscotek DM 400)2 &A% HA9 A
2ke. 1700000]2)t}. Sodium alginate (SA)¥ 2fg)
& (3F) (Yacuri Chemicals Co. Ldt., Tokyo,
Japan)d|Ad Fdstd A&l o). Cinnamoyl chlo-
ridex Aldrich Chemical Co.(Milwaukee, USA) 2}
E7A 34 (Tokyo, Japan)ofd F§ g A ¢
o] ARE3}A Tl N, N-dimethylformamide (DMF) &
()43 (Daejung Chemicals and Metals Co.,
Seoul, Korea)o|lAl +¢ 39ttt Pyridine= Al
o7 TEDIA (Tokyo, Japan)old F¢&qdch
Tetrabutyl ammonium hydroxide (12.5% solution
in methanol)= Merck (New Jersey, USA)dA
TUslEt. d¥ AF&3 non-steroidal anti-in-
flammatory drug (NSAID)¢] indomethacine (1-
p-chloro-benzoyl-5-methoxy-2-methylindole-3-
acetic acid)2 Aldrich Chemical Co.(Milwaukee,
USA)SIA ) 3ei ot

Cinnamoylation of amphiphilic tetrabutylammo-
nium hyaluronate® £2 AxA71 HA 1g&
100mLe] FFF e A of, fol& FAE
15cm EolE & columnd HA £94& FijAlA
sodiumo] AR fHog 2rEw, o] 10 CHA &
Hb 2=0] tetrabutylammonium hydroxide®] 12.5%
49 30mLel F&}stgd . Tetrabutylammonium
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hydroxideol] Bojxal HAE= F4] 3438l £2 A
%3ttt Fourler transformed infrared spectro-
meter (FT-IR)(Mattson 5000 FT-IR, Mattson In-
struments Inc., WI, USA )3} proton nuclear mag-
netic resonance spectrometer ('"H-NMR)(Varian
Unity Inova, 500 MHz, Germany) =% ¢ 2 HAd)|
ZA 5t -COOH7} oz A#Esdes geid o
<, $A4% tetrabutylammonium hyaluronate 1g
< DMF (100 mL) 9} pyridine (20 mL) 9] £3&9Y
o) &, AA¥97] dlA cinnamoyl chloride
5mL& 20mL2] DMFdl 3j4A1A Hs}sigda, 8
A7 ol g Ated A 4 CAlAM AR b
2ol B F HF AHEL WELI ] HAATI
ARg H AR Bt AU AxARAY
(Figure 1(2)). ZAA €& 94 &
o Y ExEo] 80001 FAHFHR
18 MQe] gol| 22 347t FH3l V&S
AR the, $2 Axde FFdoz Wy ¥u
(cinnamoylated tetrabutylammonium  hyalu-
ronate; CHT)E <9ich 71d€¥ HA §=AEL
FT-IR, ultraviolet spectrometer (UNICAM UV/
Vis spectrometer UV 2, USA)$} 'H-NMR 24 o
2 cinnamoyl7]9] =& #1349t} Cinnamoyl
712 AE" HxE 71A %9 cinnamoyl chlo-
ride $elo2 UV §45¢ e 354 29IT4e
o] &3] Et Tt

Cinnamoylation of SA. 0.1 M¢] NaOH +&9
50mLol 1g9 SAE 59 ¥, SA £4¢ s
718 AHE3ld O ojde kel FuskA] & o
7 F5E ok, o] §9¢ 100 mLe] DMFs}
30 mLe] pyridine& #713At 40 CAA =<1
cinnamoyl chioride 20 mLE& F%2] DMF= &4
AR T, 23R FHelslel 4 TN g AT
A 8AIZE Bt Whe-& APA AT e F N4
S ARSI sEIa HEe]  opEcE
cinnamoylated SA (CSA)E HAAA I gt
o3 £ qEdz ez AAL AFARI AN HF
W T AEAIA wge Eug AU} (Figure 1
(b)).

B274xHol| 28t CHTS} CSAS| n|glxial. /)2
¥ HA (CHT)%} SA (CSA)E Emw|gg 10:0,
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10:1, 9:1, 8:22 §d 424 1,2,5, 6 wt%9 <+
SNE eI 2087 292 Hel3 o). CHT
CSAd) g5 EE2AZ] (Buchi Mini Spraydryer
B-190, Swiss) 9] £d23¢ thgd 2ol fA3d
NAE HA oldAEg 49t 433719 flow
rate= 6507 800 NL/min®] T 7IX|= AA3A
a, £ inlet temperature:= 185 C, outlet
temperature= 110 C, aspirator control ¥ pump
control-& Zt7] 133} 49 gho 2 mA ST} QoA
ujgzte] e  FA Axldu) (SEM)
(Hitachi S-2200, Tokyo, Japan)oz #&A3l4}.

AHMYo= CHT/CSA DRXIZEE ClaFe|
HE A2 vHAES 35 Be BAYs £
Z# A (Cravor Co.,, USA)Z 4204 15 metric
ton9] ¢+#H-E 1] FA47} 0.5, 0.7, 1 mm<) ©l~
3 FYE AT d2z2 gHH 74 10,
20, 3087t A AFE 400 W UV lamps Flo
g2 3 UV-D33S filter (Toshiba Co., Tokyo,
Japan)& 350 nm o]ide] Fuge] ALH UV 3
& ZANEN, B2 stavtgg A7) o (Fig-
ure 1(c)), 297 pH 7.0 PBS &) BHAA &
& Ut £ AASNL §2 2T T 28 F
ZE Ze 2EA AXAE 4t g3 EE g
7] 913l Y238 FPAIA dEFxe} BRTZE
SEMoz ##at

otE #Q. Model drugo.2A NSAIDe dFEo
2 84 #4949 N8Y A8-51 = indomethac-
ineg A=3Yr}. Indomethacinee the-2] A 717
WHO 2 loading 33 Ze] Wa BAHE v
B3

1) CHT &9 JE& 7t 3 49
I olg 5 Az Wy

2) £5 Az¥ HA vgx a9 g2 Ao}
3] AT A2 vHAE ¢F A9 1§,

3) HAv[gA o 2 9% 493 tx3g e
i, o}l& dlgedF g 847! indomethacine §
R @7t FEE U T

=
ey

o

ot ¥ a%

7iEE HA ¥ SAE o|8% o|gXte] HixE. 7
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Figure 1. Synthesis (a) chemical scheme for modification of amphiphilic hyaluronate, (b) chemical scheme for mod-
ification of sodium hyaluronate, and (c) scheme of photodimerization of modified HA and SA.

AL o83, FHg ERxAqME 479
zol7h 24 e FE AAZ Az shssdd
(Figure 2). 714 A E97 5 HAE tetrabutyl-
ammonium”|2] ke g DMFI L R34 714
A =Y %9 cinnamoyl chloride®& X7 15e
9 HAJ W& ©f B2 cinnamoyl”]2 NAE
AR T 2wl ohst mEE 2= A"
B CHTE €& # U< (Table 1), o]&F A
X 98mol% ¢ CHT10# 4.22mol% < CSA03&

&2l AI253 A4 20019 7Y

3l 714 vgE EFF O, ) 1, 2, 5wt
T L TtEo] BE A3l oA Y=o} mor-
phology& SEMo.2 #a3 d3E Figure 39 Y
Eff2ith. CHTel SAE H7lsled A =3 n]gz}e)
734, CHT (Figure 3(a))y CSA (Figure 3(b))
gEo2 FHY vigAd 83 YA zole T
A2 gou, #UF UEE 2 vgArst oA
£ & & At (Figure 3(c), (d), (e), (f)). A
CSAst CHTE Eftsle] 8% Ax¢ ngAl vy

AR
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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 vield 'degree of modification

(hr) (%) (mol%)
CHTOL 6 91.1 0.717
CHTO02 12 93.3 0.856
CHTO3 15 92.8 1.018
CHTO04 17 94.1 1.087
CHTO5 19 95.4 1.458
CHTO06 24 93.1 4,220
CHTOS8 28 92.9 4544
CHTO09 36 91.6 8.310
CHT10 72 92.5 9.832

b. Degree of modification (SA)

rxn time vyield degree of modification

(hr) (%) ) (mol%)
CSA0L 4 913 1541
CSA02 6 88.1 3.408
CSA03 8 85.5 4223
CSA04 12 92.4 0.792
_CSA05 18 91.6 0.854

Atz CHT®re.2 ERxlelgh v} (Figure 3(a))
of vlg] @77t FelHa Al TdEd HHE A
948 4 F Aok (Figure 3(g), ¢h), (1), (N.
ZAgRE BRAZRYH g8 4T dFE 2=
AER v ate] HA4E 89 redE e, ofed
A5 St HESE O e dA4E »de
WA dolFde ¥ F YUt (Table 2). ojx
HHF79 fUSErl waEd ERAZI e BA}

TN LRGN FEFIe] T @ w4
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#4} (atomization)o] ©] F dojuyr] wEejrt. &
H, EFAZA FEFLE QAL 4F T F
Y&E, A=Y FEE A3 7E (Figure 3
(e), (f) and (i), () TFT A9 MPAE &
£ F UYT FolW 2PN Lol BE vy
10 /& 9A %e 43E& 7KK Ut (Table
2). CHTd] CSA$ SAE Hrlslo Az wHA
T Y98 s} FHE #A Hed, ol 1
CHT £# Al& Alo]lz2 #2 A9 SA &2 C5A
7t 7ol Eol7t o 2% ddle] F2E T 4
7] dEoz AlgHTh. EA} nozlef] &%, ¥&
o} 45F7] FdsRd JdAME AFHAEC] ZAe
77 2 o] Wy veigoy, & d7edAMe
4 =3¢ AR Y3

H=F ojglxle] 27w, Cinnamoyl chloride$}
HA 2 SAs}e] whgd] wg /dze] 2ol vhgA|
e wE $&7 Az Wiz #@AE AnE
Table 19 YeERAATE HAS} tetrabutylammonium
712 Agd HAE e A ¢ 2& U9
cinnamoyl chloride2 7RAAF|tlale HAEe] =
ol7} 42%9)X 83%=% Fw) JIE EYth o=
tetrabutylammonium>| £9] x| ge] HA 2] DMFoj
W3 S =g FYAIIBE, FHo] EAFN g
22 A w0l A E o] cinnamoyl chlorider)>}
vjxEE HAd] v tetrabutylammonium7]& |
¥ HAd o ®e] #7isle x£3d0| A= d&
ojct. §H8, HARIe 2+ dojd A A= &
de] B4 FET 7IAH} BAS el o
9, FE7)E =5l HAE Fviw Al7idg
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HAgl= oia o2 vgidds Jehidd. =,
cinnamoyl chlorides}o] whg-2 8AJ7to] =jujH 7
A 27t gaste 298 ¥239oH, 3o}
ol Hg THed MAEE HA 39 8%0)4on,
SAE 4% oldeld #rhart 7hsdla ols F
A ¥ zlold] 71913 By L% o)
4 HEo g Algdr}

O|EA ¥ DEA XX[HEZEEL AR wWE E
o FEENH W BR ARAY NBE R
&4 glo] &l GBS ujgald B2 5= Q)
Aot 5 Ax3x g2 CHTE o]€% a3 8
eel e AAA 7L M ge 3B AR By
, 25 722 dod CHT vgxolA &, CSA2
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Figure 3. SEM micrograph of modified HA micro-
spheres: (a) 1 wt% of CHT, (b) 1 wt% of CSA, (¢) 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:
D, (g) 1 wt% of CHT-CSA (10:1), (h) 1 wt% of CHT-
CSA(9:1), (i) 1 wt% of CHT-CSA (8:2), and (j) 5 wt%
of CHT-CSA(9:1).

E g9 &o] ZT7st ) (Table
3). ol PIEAE dEAFsle] A= tAas of
= AYE Hske WHezL/E Fauo] &A1
indomethacine£-%o] @3 u, CSAREo] My
FEAM BEHA §olsH FEL FFE F UG
¥ ofa}, CHTH vlajx A4 Bx2igl CSA7} A
Hofl 289 A4 indomethacine?] &9lg &
AAE Q7] djgojct. B7 dxsix] ¢ CHT
T 7 Axde e myARn 374 (void
volume)o] #AA o W& FEo] 3YE7|E= dhx)ul,
oFEe] Z7] WEHo| Holxy] YR 23 AU&
o} AR a7 = AAAgedate] Adelahs =9
M HFA] R 4 £ AT (Figure 5).
Figure 4= indomethacineg %%}& CHT10 u|¥
AAZHE A7) wE oBeol WEAFL BoFEm
om, ZAIZINA 6417t Alolo] k2 wrzo| F7
P o]l 98g ¢ + ¢tk &8 CHT/CSA
5¥F vjHr= 99 pH7t g AFo 3%
A=, CHT tiAzi= pHel Waje Zxt

2
o
o
olN
X
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Table 2. Microsphere Size and Its Distribution according to Spray Drying Conditions

mean particle size (xam)

feed conc.

(wt2%) compressed air flow CHTI10/SA CHT10/CSA
(NL/min) 10:1 9:1 8:2 9:1 8:2
1 650 3.12+8.602 3.21+7542 354+£3.208 1.92+2.926 1.76+2072
800 2.50+4.026 2.75+3.190 3.12+2.716 1.54+1.405 1.67+1567
2 650 421+4.751 469+5.121 493+1.953 2511272 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 4.64+9.818 6.49+4.999 7.95+4787 2.92+1.451 3.12+1.440
800 3.69+3.801 4.46+2215 59141395 2.83+0.933 2.41+0.343
Table 3. Amount Difference of Loaded Drug according to Microsphere Composition
' composition CHT CHT CHT/SA CHT/CSA
rmpositio powder’ microsphere  10: 1 9.1 8.2 0.1 91 8:2

amount of entrap-
ped drug (mg)/
matrix polymer
(mg)

0.22+0.016 0.21+0.059 0.18+0.034 0.14+0.045 0.13+0.028 0.240.039 0.27+0.023 0.29+0.013

2 (not spray-dried).

1.0 . -®
0.9 . g PRARIARS P TRRSEETRSERTRRSE
. ‘- . »
gos| o Lt o
L 0.7 . 'S s
[V] N *
= 061 - w *
- S *
S 053: 4
S o04]: °
Q N
£ 03] o + % . not spray-cried CHT disc
< o2)%,- - v - spray-dried CHT microsphere
. - ‘& - spray-dried CHT/CSA(10:1)
0.1 i - & - spray-died CHT/CSA(9:1)
0.0 % - epray-dried CHT/CSA(8:2)
"o 5 10 15 20 25 30
Time (hr)

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

& ofE B&7%g Holy CHT/CSA Ed= H2
29 A¢ pH7t V184S #go] AHo| FEUE
o] Wg] alojych. CHT/CSA BA=7} uehhs
pH 2¢4e SA7 7k pH WM {3
3 Aoz Algdd. 71Ed g Al 7k Uy
1) CHT solution?} ot&&d& E¢sle £F Ax
SHe W, 2) BR AxE J2 nHxie ES §
A A T 4F A¥shs W, 3) 4% A¥Ne=
HA9] dxag HEgz g £
indomethacine£9d) &7} GEL F4A47]5 99
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o2 JEg =Ydided, YELYT ¥ 25 A
Z3hd oFBel &4 glo] B YBFRE e VY
AE 42 F Ui, SAs CSAV 4% /€ 1
FAE e H 4L FFAUE Aee CSAVL
ez ed FEHE 42& /A Yo 2L F
A ANE e ¢ B FEE Y F AT
714 e BAo) EXA Mg 4ELYF CHT
L9 EFatd BT AZAND F, WAAL AR
gt ol MEY HA EAAEe cinnamoyl?]7}
Bl o8] tetra cycleg FAIFAA Bols}
(photodimerization)® gtg-o] doju} 7inEL B4
37 w2 vlgae] dxr} F7l8te vy
EEo] AFE F W) WEelH AHEF =UE
obBo] 50% 7} WEE Wrixe] AT pHY A
@A o] el Figure 694 Weplgith SA9} CSA
2 4% Are pHel Wby oA ti2zs) 3
& 7A%ol 2t pH7l Ropd+E Afol o
HA oy ekE@Eo] Ao pH 9.0914
ulgte] SA9} CSARE ] gaAdo] F7i8ld we
&5 g FEWZo| dojyrt Bs A GE UE
AZ-e vl 3}y] d&d 50% B&7A L] ATte] 7}
% 70 A& Zzte] pHelA okgw&e] 7HF AdH
E Aolgtm ¥ & Ut
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Figure 5. Sustained drug release effect by spray-

dried microspheres formation for 8 hrs{(------ : not

spray-dried CHT particle, —— : spray-dried CHT parti-

cle).

—
~n

et CHT disc gol

—
o

T4 in the PBS medium (hr)
e

o

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

DIYRHE o|8% TEX X|Xjxje| M= FF 2
2 ol7 CHT v|gAE &3 Adstd "xa
Bz Az o, taze] FAE 0.5 mm ©]3=2
=0 nj7ln 2E Qo) A7) Jtag dx3ag ¥e
% 9l9)a (Figure 7(a)), o1& &4 At I
A RFE 7V o7tERg AL AEAIA &
& AR 2EX F2E JeERRAL, pore sizes
10~30 e 2 + UPH (Figure 7(d)). TR
1.0 mm o|Ae] FAI2 wred FANAW st v
o] dolu}, 29 A= B £ FHAA vFluEES
QA 7hedrt wolglm Zo} 25:m =Y
sack 729 &z A7} dojAE A F
9)9it} (Figure 7(b), 7(c)). €48 Fz23 & UA

2ot PN

Fa2lof A|258 A43 20014 79

79 28§ Scaffolde] Az 48 BE AFd 4% I7

(b)

(c)

(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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7] sla) zHgte] wo2 TolEL vl el
o34 AR A7 de 3y, ?*® CHAS} CHT v
2 2A ThE pore sizeE 7HAlE AAAE s
U&E 3t

xRHS JHEs EM. RS A=Y} 37 C, pH
7.02] PBS &9uidlx] ¢bd3| F&E ujziA] Azt

5 e

H

4 o

2 =439t CHTI0S 4087 o] wZAA &
dg P25 A & Alae 20E F% FHE A
3l 9m Aepage 30+5%9 o=} &
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