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Abstract: pH-Responsive and mucoadhesive hydrogel particles using acrylic acid (AA) and gelatin were synthesized via
free-radical suspension polymerization. The methacrylate groups were introduced into native gelatin to make methac-
rylated gelatin (GeIMA) capable of polymerizing with AA. In order to determine the optimal synthesis conditions for pro-
ducing the well-dispersed hydrogel particles, the effects of various reaction conditions such as concentration of dispersion
stabilizer, amount of continuous medium, and stirring speed on the size and dispersibility of hydrogel particles were
investigated. When the stabilizer concentration, amount of continuous medium, and stirring speed increased, the dis-
persibility of particles was improved. The pH-sensitive swelling and release behaviors of P(AA-co-GelMA) hydrogel par-
ticles were also investigated according to various composition of AA and gelatin in the hydrogels. P(AA-co-GelMA)
hydrogel particles showed low swelling ratio at a pH less than 5 but high swelling ratio at a pH greater than 5, and the
swelling ratio of the hydrogel increased at a pH above 5 with AA content in the hydrogel. The P(AA-co-GelMA) hydro-
gel particles also presented a pH-responsive release behavior. The difference in the released amount of FITC-dextran from
the hydrogel particles between pH 2.6 and pH 7.0 decreased, when the AA content in the hydrogel decreased.
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ME. H3el] AM8¥ methacrylic anhydride(MA), acrylic acid
(AA), A2}l (from porcine skin), 2-hydroxy-2-methylpropiophenone
(Irgacure 1173), fluorescein isothiocyanate—dextran(FITC-

dextran, MW 3000-5000), poly(ethylene glycol) diacrylate
(PEGDA, Mn 575), 18] 3L A 2] 242 Sigma-Aldrich(?]=7)
ZRE 43T 2-Methoxy(polyethyleneoxy) 6-9propyl
heptamethyl trisiloxane®} Dulbecco’s phosphate buffered
saline(DPBS)E Gelest(F]=9)2} Welgene(t] $H71 =) Z F-E
Z¥zt Fdste] ARg-S3IT).

HEIZZ0|E H2IEN(GelMA)2| &, WElZL Y o|E
HES717F STl GelMAE ool Bael WS wet 3
skt 7heFsiAl A2l shH, DPBSe] AetelS -85k
10%(w/v) Aepel gl Al=kgk o, A4k 20 mLe] detel
|l 4 mLe] MAE AR HIZ(NE-300, Just Infusion)s
AFRES1e] 0.5 mL/min®] 2 A7kt o] E3HEs 65 C
oA 3X7F F<F wrtksle] WhEAIZ] § F71R kS| DPBSE
A7kt vEe-S eHdsigith. whgo] ¢huE §HS £ 7}
A E(12-14 KDa MW cut off, Spectrum Lab)oll ¥ 57
£ ARgste] dFATE AlF e, AlFse ¢ SR
S i wAEATE AlFe] ghaE 84S 50 mL FHO &
713 79 B9 BAAES A HF GeMAE -80 ColA]
BN FF AP A GelMAS] =¥ et
ZdYo|E ¥k3-7]= 'H NMR(Unity Inova S00MHz, Varian)S-
ARg-ste] gelskaitt

P(AA-co-GelMA) =8P iXte| &, P(AA-co-GelMA)
F3hd k= 2 dEsgtel <Jal A=t GelMAS}
AAS] 37T ZF2E 0:100, 33:67, 67:33, 28] 100:0°=
Tt & S AL, BARPEAIRD 2-methoxy

(polyethyleneoxy) 6-9propyl heptamethyl trisiloxane2- &}
A F oo oA Azxg GFA] = & BIHAIAIR]
Irgacure 11732 #71s &, Af o)zt wks-S wWaleles &
& AE AASY] flst] AAartaE S it |
S5ehs 98 A RS s flste] S RAVelA
(T10 basic Ultra-Turrax, IKAYS ARE-3153%, UV(1000 mW/
cm)E SEZF ZASEY] P(AA-co-GelMA) 5314 A= &
detinh. $E T3l Ak "ol AREE Al 7
35 AXA 293 EElsislen, SulE dRke 2407 5
QF FAUZAAAN APl ARSI

P(AA-co-GelMA) =8P iXte| H7}. P(AA-co-GelMA)
T3 AAE k] fletd AREE WhEEES Table |
o Aejataion, s YAke] A WE P(AA-co-
GelMA) 73 YJ=ke] =719} #4233k n]7d (Olympus

Table 1. Reaction Conditions for Polymerization of P(AA-co-GelMA) Hydrogel Particles

Reaction conditions Variations
Silicone oil (mL, based on 0.3 mL of pre-polymer solution) 15, 30, 60
Stabilizer concentration (%, mL of stabilizer / mL of silicone oil) 3,5,7

Stirring speed (rpm)

8000, 10000, 30000
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(GelMAYE 3o 'H NMR #4412 ALg-3lo] Wel=
dejo]E 5ol Aetdle] =9d 2s RlsisitkEold =
EFHA] ). ole 2ol AT GeMAE AASH TS5
AX P(AA-co-GelMA) 31 A5 FAske o= &
TR0 AT 2dg AR ARESle] 2190 Tk
EHE(GeIMAST AAYS dEFEH O R A2 &, FFTS
3 YRS Hdste B dgEs ARgsisith A

218t P(AA-co-GelMA) T3 Y=fe] 34 2 37} 421

Fge AAY 2RAS ANT 5 Y FPPUE F
=

, S B, AEA AES W B, 8ol ¢
AA Z 2 Ao, a3 AHI E2vlg T2 S 7t
A3 AT P(AA-co-GelMA) 3P A7 P

A2, UV At &l dfAAI7E 2 ez AdsliA
AA B GelMA®] HELTHHO|E 259 o|54d%E 245}
AAAM WSS A= AAIRES, el s E2dstE
G 7 SR E ANk, 123 S| 7ol w
2 sk AgAEe el ost AR o] A 2
Z T 3 AIE AHA ol FoXiIth 223 GelMAE 5
FhikgollA AR SAlOl 7 AT THEe] T kA
A8k 3] wizell GelMAZ} §lom 7tt2E 7K &
sPS 3IE o gintk. w2 AollA] P(AA-co-GelMA)
3l F GelMA:AAZF 0:1009] =312 Q== A7) ¢
M= GelMAZ} §l= tiil 71A| 2 PEGDAES AMS-3I3ATh.

Stabilizer : 3 %

(b)

Stabilizer 35 %

Stabilizer : 7 %

Figure 1. Optical microscope images of P(AA-co-GelMA) hydro-
gel particles synthesized using various concentrations of the stabi-
lizer: (a) stabilizer 3%; (b) stabilizer 5%; (c) stabilizer 7%.
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P(AA-co-GelMA) 731 47te] 7] Bl 438 Alofst
7] flate] EARMEAI ik, Al (HEE 29)d &, 2
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%L THE AS AT, T YAE Atelol] gFo]
Aot Z1s & 7 ATk oebA S A7) 918
EARPYAIZ 2-methoxy(polyethyleneoxy) 6-9propyl heptamethyl
trisiloxane2 ARE-3FATE Figure 12 Tkl o] Halkoby
AE ARg-3le] S P(AA-co-GelMA) =31 A58 &
Pt FAn)g ARt FARFYAIE ARSStl w4
skl QJrte] So] HNkH o g Hozl= AL B F %S
), HARHA =7t STl wet s dRte] A7)+
=71t Th. Figure 2w £AHHQL AE]E 29 o] P(AA-co-
GelMA) T3P Y=ol =719} ikl vx]= FaS Vet
W 7Rl HEjE 2Ye] go] VMRS e ke

(2)

Silicone oil':{15 mL

(b)

Silicone oil : 30 mL

Silicone oil : 60 mL

Figure 2. Optical microscope images of P(AA-co-GeIMA) hydrogel
particles synthesized using various amount of continuous medium
(silicone oil): (a) silicone oil 15 mL; (b) silicone oil 30 mL; (c) sil-
icone oil 60 mL.
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Aol BElE AL B 4 AT 2 ol Eabie] &
o] F715tl wt 3k YAtEo] A HAKE Wl Ak
T A= kel AX] WjEo g AT Qv 2y A
Aoz dujE de] H7HES STMITIH AT dAE
@71 98l LAd2RE EEske AlF T4 57t SUts)
Al E3L AlF] FAgelA SAEE ARE BoldA FE At
9] 4=go] 73t W= P(AA-co-GelMA) =314
HPAke] A7)e} Aol mIX|= 932 Figure 390 YERASL
T}, gt vpol o] wlE Lyt SIS AEE oY W
AtEE T el A7 A HAL wb HE
7ol 2717k B 22 s s T ATk ol
g AFES GEdte] HFTHLE P(AA-co-GelMA) 3+
Ate] RS FRiaisiet], ikl AelE 2 30 mL,
BAREAA O] B 5%, 283 WHFEEE 30000 rpmoE 2
AL, olefgt ZUES AMEsl] FAT P(AA-co-GeMA)

(a)

RPM : 8,000

(b)

RPM : 10,000

RPM : 30,000

Figure 3. Optical microscope images of P(AA-co-GelMA) hydro-
gel particles synthesized using various stirring speed (rpm): (a)
8000 rpm; (b) 10000 rpm; (c) 30000 rpm.



il FopEo] AR AGA 2 AL 913 P(AA-co-GeMA) 31 ko] 4 2 %7} 423

14
0Gel0
12 0Gel33 -
@ Gel67 M
T 10 . 1
.g @Gel100 n
[1:] 1
o
o 8 L
= i
E
h 6 &
£ :
= 7z
P
£
=
.
2 5;":
8
‘g?
0 7

26 4.2 7.0

pH
Figure 4. Weight swelling ratio of P(AA-co-GeIMA) hydrogel par-
ticles as a function of pH having various AA and GelMA compo-

sitions.
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o] 2Ao] F7Igtel wet pH 5Eth &2 pHollA 9] 33&H]
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dextran®] T3P WYioA SRR HEE = Hee 75}
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H P(AA-co-GelMA) 73 IAE pH 2.6 ¥ pH 7.0 &5
Aol YL AJZko] 7o wt P(AA-co-GelMA) 31
A A WEH FITC-dextran®] F2] W& S =45}
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Figure 5. Cumulative amount of FITC-dextran released from P(AA-
co-GelMA) hydrogel particles in pH 2.6 and pH 7.0 buffer solutions
as a function of time.
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Table 2. Ratio of Average Cumulative Amount of FITC-Dextran
Released from P(AA-co-GelMA) Hydrogel Particles at pH 7.0
(Mgs0) and at pH 2.6 (Myye) for 24 Hours

Hydrogels MR7_0 / MR2_5
Gel0 (AA 100%) 9.25 (£1.03)
Gel33 (AA 67%) 371 (£0.25)
Gel67 (AA 33%) 1.80 (£0.08)
Gel100 (AA 0%) 0.99 (£0.03)

3 AAZRE WEE wHE, pH 7.000 & Atjd o Be
¥e] FITC-dextran®] 3P JA2HE WEE et o] g
olfi= A WHEATAA e vkl o], At 100%
2 3% FAIR] Gell00 Fsbde] A9~ €5 pHoll 7He
g e AA TFo] YI0BE pHel wE WEAFe] Y
ERA] 982 W, AAE X33 P(AA-co-GelMA) 3 ¢
A58 pH ¥W3lol] wl AA Z280] o] L3t pH 73
A EASS HojE Zolt) pH 2.67 7.0914 P(AA-co-
GelMA) 5731 JAZHE WE == FITC-dextran®] pHol
W ztelE Fstetr] QA 2417 F2t pH 7.00014 %
Z¥ FITC-dextran®] 7% &%} pH 2.6914 9] +4 W=
&S Hske] Table 29 28I} P(AA-co-GelMA) 53}
] AA THFol S5l wEbA pH 7.0 2.6 AlelellA w
%% FITC-dextran x}o|7} S7}ske A& & 4 =, ©]
23t pH 7484 WEATS UA AF3T P(AA-co-GelMA)
T3 9] pH 784 &5 AAE 2102, AAE Bl
-3t P(AA-co-GelMA) 31 YALTFE pH 7.0914 =
o5 & F e AA7F BobM © Bo] BET F A
24 B B2 FITC-dextrano] 3P 258 WE = 2|t}
o213 P(AA-co-GelMA) <F3Hd 4Ate] pH 8-

T A AT g Alele] pH ApolE o &g Tz
oF=o] AT Fo§ AGAE Tk oA &
AREE 4 T

s
a3

4 =

HEelZdo|E 158 =93 At (GelMAY AAS 2}
Oz Qa3 ol8ste] thdst AA9H Aetel 248 2=
P(AA-co-GeIMA) 3 Q=S 3ttt T3l AR
= gAY F=, kel &F, 1 Rk =T A EE
Y] A7] g el piAE G AR, HEA
AAZAL FAl B 5%, w4He] &F 30 mL, 22]3 W
HHEE 30000 rpmO 2 SYaidon, o|8dt 2AS AME-E)
o] 3t A7) 12.6 pmell EAH 0] 78 P(AA-co-GelMA)
T3 YAE AXT 5 AU F e P(AA-co-GelMA)
T3 JAR= pH 527|502 F43 F{H|e HEE 1
AFEAIL, AAE TR & e pH A4S 1Y
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