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Abstract: Since conventional strategies for inner ear drug delivery accompany side effects and limited delivery and
absorption efficiencies, there has been continuous need to develop a new safe and effective local delivery system. In this
study, a new injectable thermogel/microsphere hybrid formulation system has been developed for efficient delivery and
sustained release of dexamethasone, a representative anti-inflammatory agent. The injectable hybrid formulations were
prepared by physical mixing of hexanoyl glycol chitosan (HGC) thermogel and poly(lactide-co-glycolide) (PLGA) micro-
sphere and their physicochemical and controlled release properties were evaluated. The hybrid system demonstrated phys-
icochemical and rheological properties suitable for injectable formulation and a sustained release for more than one month

without any initial burst release.

Keywords: injectable thermogel, microsphere, hybrid formulation, sustained release, dexamethasone.
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Scheme 1. Scheme for an injectable thermogel/microsphere hybrid
formulation for inner ear drug delivery via intratympanic injection.
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n g AF ] stolHe=3skE Fal JHEsnh okl 2
g 7|EAF ARA S g T/ XY 2 F 7| EA
(hexanoyl glycol chitosan, HGC)= g shed, A3
(PLGA) mlg7-¢e] =2]4 &ghs Ball U9 stelie=
AFE Az, =2zt 3 WEAle] 542 Hrtst
ST o] 23 X85 28] & dFEFA SFEZE A}
HERES 2Y R g MEAM|YHT sto| B A
S AZ3td (Scheme 1), =274, A, Aald 2
in vitro °F& W& 7152 ol 7k
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ME. 2 Aoa F2F 71EAHGC, DP=200)> Wako
Pure Chemical Industries, Ltd.(¥ ¥-)ol 4], hexanoic anhydride
(>95%)= Sigma-Aldrich(Q1 =)0l Y ke] ARt &
2= 32} SRt viskE ksl d)s ARSI e,
AL 91 S = ol ERISE), s ARSI
2] 9H(molecular weight cut-off: 12-14 kDa)= Spectrum
Laboratories(?]=7) A|&-2 AF-313t}. Deuterium oxide(D,0)
2 Dulbeccos’ Phosphate Buffered Saline(PBS)+<= Sigma-
Aldrich(P] =) AlFS AMEStATh oF=dl HAbERE
(dexamethasone, DEX)2 Farmabios(®] &2 oh) A& A&
steier, dilueElE QAo U EF ¢ (dexamethasone
phosphaste disodium salt, DSPY2 Steraloids(7]=) #|&2 A}
|33t g+ A=l ARS-¥El PLGAE Evonik Operations
GmbH(Z )|~ Resomer™ RG 502H(lactide:glycolide=
50:50, M, 7000-17000 g/mol) A|ES Y3l AE-3A T
Dichloromethane2  J.T. Baker("]=9)olA FY3R o,
poly(vinyl alcohol)(PVA)+= Mitsubishi Chemical Corporation
(FE)lA F+Yhate] ARE-3HAT

HGCe| &Y H =4 2= 7I1EAKGC) 3 g& 33k =
Tt Wik 1:1 38w 750 mLel 521§, 1.1 mLo]
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Scheme 2. Synthetic procedure of hexanoyl glycol chitosan (HGC).
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Scheme 3. (a) Dispersed phase (DP) preparation process; (b) emulsification process by membrane emulsification techniques; (c) hardening
process; (d) flow diagram preparation of dexamethasone-loaded microspheres.
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& 45°CE 723t 3217 &<t /7180 E AAT H
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Al BTt

0T LH of=2e| &2 & S &8 M. 10 mg?] DEX
£ 1 mL DMSO°] o] =21 $ 50% acetonitrile(ACN)S =
343 AL FFHOE 3, 10 mge] PETE 1 mL
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AHOF slo] 33] wHE ZAHSIATHEIHT 71 8 ppm). ©]
e EE 50% ACNS ARkl or, DEXS| & B 1
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Dexamethasone loading content (%) =

Amount of dexamethasone in microspheres

- x 100 (1
Amount of microspheres M
Dexamethasone encapsulation efficiency (%) =

Amount of dexamethasone in microspheres <100 ()

Initial amount of dexamethasone
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2F7](Model: PSA 990, Anton paar, L=EZ|0HE AR5
At oF 70 mge] VI TE 9% Tween 20 T84
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SHE oA Y& AR ¥aL 137 F4 S
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Qo 7HE Hlo|ZE 291 -, AMES 4% 28 AN o
2 o] ¥ 7](Model: SPT-20, Coxem, 35 A}-&-5}o]
SmAR 5% ZetEn) Agste] A58 FHlEAT 28
o] gk5¥ A E= HARANES ARESte] 10 kvellx] 500 2
2000 Hl&= AT gk, v|ge] £ AsS s}
7] 98ked v]ETF 10 mgS PBS(pH 7.4) 40 mLol| ¥ &
37°CE A5 28Y 7+ vE+E 3|5 9 54 7138t
SEMZ- 73l &3l A=E Hsiint

Mo 9 5lol22|E ME M=. DEX 9E2S 53 &
74 M RA AE (HGC/DEX), DEX 29 PLGA "I+
(M-DEX)2 3t slo|Ha|= A& (HGC/M-DEX), DEX &
fr A=A M-DEX®] &3tel| 9|gt 3lo] Bl = AP (HGC/
DEX/M-DEX)S 27} A|Z3itH(Table 1). PBSE 802 A}
galo] RE AZO HGCI} 3 wi%, FEo] F57} 2 widr}
H=E A8t slelEe]= A1F <0 HGC/DEX/M-DEX:=
HGC 30 mg, DEX 10 mg ¥ k= &) 33.3%2] M-DEX
30 mg(2FE % 10 mg)yS PBSell Ho] MES A3k
ok B3 stolHE|= AP H|wE Q8] 2 FY oFES
343k A 24 (HGC/DEX)? M-DEX ¥ A|FEE 747} 72
2 oFE T Az vy EAIEA] g HGC/
DEX A|&S HGC 30 mg®} DEX 20 mgS FAMAA A5}
93, HGCOll P71 Yols HGC/M-DEX A1¥-& HGC
30 mge 1 mLe] PBSol| =<1 §, HGC F&H ¢ M-DEX
60 mgS dLsA B2 A AzSA ZE AxE A
AEEL AR Z7HA] 4°C YAL)A Bsisit).

SEM EEi &4, oF=o] FHie A=A H slo|He = A
Z2X] FA4E 9% AP @I WFEE SEM
S8 AL AxE AR AFYES 37 °C
7+ B FAAA AsPolr AAHAE o8-t
FYAIZL F, 347 54 ARAFT FHE ARE 302 F
QF v FRSkaL, S FAF HRF Ar) (FE-SEM, S-4800,
Hitachi, Y)S ©]83le] slo|B= AP REZA] 54
I FE = vy EX4 2 B2 s HEE

EH MM0| 2= 3. Tube-tilting HS S A=

o
b
t

Table 1. Sol-Gel Transition Temperature of Thermogel
Formulations

Polymer Drug Sol-gel transition

Sample conc. conc. (°0)
W%) W% T T
HGC 3.0 - 28 28.1
HGC/DEX 3.0 2.0 26 26.9
HGC/M-DEX 3.0 2.0 24 26.0
HGC/DEX/M-DEX 3.0 2.0 25 26.9

“The sol-gel transition temperature determined by tube tilting method.
"The sol-gel transition temperature determined by rheological
measurement.
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o] REE +1°CY] A Zhe Zo=E dHA T
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o] A% Jlom SAATE. Hgk A RA L] Y AF
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100 s'7FA] WSIAIZEA 25 °CollA] M= Wsts #2aldd
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200z BRAE 0of] TR W2 A Hxef 1003 Bt =
S A S5 w07 Agste] AR HE 35 A
S =431t HGCY] 7F=+ frequency sweep test(0.3%
strain, 0.1-10 rad/s frequency)S S A4 s}t
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o] AoA m= 27| AEAL] FAO|AL, mi=
TR A RA ] FA o]t}

olE WE 5S4 Y. o= UE e S8 AlxdE AR
A 2 slolBe= AF | mLEe EAHMWCO, 12-14 kDa)
o] =913 & 50 mLe] PBS &S &3} conical tubeol]
Wit 37°C, 100 pmo.2 A% Z(LSB-130S, Lab
Tech, $F=)°l| conical tubeE ¥ W& AlES F3Y3ATh
Azl AIZE 7wt FARRS 7o} A= PBS 8
ol &AFA. Conical tubedl Al HAAS FH 3l UV-visible
spectrophotometer(JASCO V-730, € £)& ©]-8-3l> 242 nm
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HA At 4 E HGCE 'H NMRF} ATR-FTIR 4]

53 3}k 2AS 2l Figure 1(a)°]l GC2F HGC
o] '"H NMR #4435 H|weiginh 8= ARE-E D09
93 § 4.8 ppmollA] HEEH o] & 7]|E TAR ARSI
o} § 3.4-4.1 ppmolA] GC2l glucopyranosyl 32| 2¥H T4
HE 8 AR o] 54 937t AFE AT o] st
HGCoM = A=Y 7] =Yl mE 22 54 97t
5 0.89 ppm(e)¥} 6=1.3, 1.6, 2.3 ppm(a,b,c,d)oll A #Z 5]
AL, o= x| e] wigr|et wigdl w30 7H7} s

=

Ho}h A=A 7]2] X]$HE-(degree of hexanoylation, DH)-
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Figure 1. (a) '"H NMR; (b) ATR-FTIR characterization of GC and
HGC.
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Ao AR A o= Hlawste] Akkelsict. L A3 DH
7} 39.12%%1 HGC7t %€ A& g1kt HGCS] 943
A= T3 Figure 1(b)2] ATR-FTIR B4 432 EaiA:
gelst 4= Ut GCE 3350 cm™ F-Zol|A -OH7] 9] Al&
&2 N-He 2% R sidshe 3a7F HA Yepte
™, 1586 cm! F-2ol o}¥1719] N-H ¥ =27} &&= ATt GC
9} ¥]Ele] HGCOME N-H 327} 201537, 1651 em'<}
1557 em'el|A] HGCS] 7}Rd7] A% 753} amino acetyl
group®] amide II ¥3 250 &= =7t AF=AT

PLGA D|EFe| M= ¥ M. wfapge AMgsle] 25
A k=9l DEXZE %93 PLGA WY TE Al %3t
(Scheme 3). |HT Y] B-¢¥ DEXS] &3 2 3¢ 885
HPLCE &3l A A3 9] T2 333%0|2, &Y
BEL 83.3%= AXEAT AlZE PLGA PlHT-2] Ak
A& FEATE 2 Aol FAF APl At oF 3
T 50 pum ©|3} Z7|9] #Us vHTE AFzstaA) s
oA Y= A4S Bl Az vy Y= FEE E1
gk Az}, 7o) A& ZORHEY AF T2 50%°] S
3l AAS ousle Hit YEE 49.19 um, FIHT9] U=
BY AE YeE AT AW 0672 BXEE 1=
3719 F2 4= FEE /e v AEEeE Az
HAeS SRl

ojETe 2E=X| 24 ¥ 2 HS B4, SEM #HEe
&3l DEXE #+rote vge RE2A 54 9 4 &
7 sellx e el Ase IS A TH(Figure 2). PLGA V|H
T 7 2719 7] BYE zhe FEls nlojag ¢
Zke] FHE Hom, BdE oFEo] AP} nig T
= EAlsks Blo] #EE 5 AT A7k mE AR
g o] 7heEsl Ad da 79 Solle =E2EH A9
DEX7} ARFA| AL 9] F5o] Askd Big SISk
14 Foll= mg EH Fdo] Yepdr] AlFsla L, 21
Aol 28U7A] v B 7d 9 B &) 71453}
Hol 2719 FHE - ojud Zlow AFE )

MEAE gl 5lo|HZ|E H&e M= AU 2A. HGC HE
A oF& s HGC A=A (HGC/DEX) A&, M-DEX $Hr-
WAl slo] Bl = A ¥ (HGC/M-DEX, HGC/DEX/M-DEX)
< ZH7F Alx3te] SEM #4E Bl BEEA 5A4E vl
A8l th(Figure 3). HGC AR slol==24 372] tf
A Fx7F F AFEJST, DEX 4= S ARAG =
olgfgt A = FHol PMISE oFE YA wdsA &
Zb=lo] EAlELAL e A #EE 4 AT ¢, HGC/
M-DEX¢} HGC/DEX/M-DEX-S A3} oF= 9Jz}e] R3Eo]
tste] EHF T HAR| o] Tt W 720 E
Ao e v EAE IS 4 STt

FHEN SM "It HGC A=A slo| B = AP Ee
L7873 glaty] el tube-tilting W H 2P HE

N
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ol |

o

<
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Figure 2. Time-dependent degradation of M-DEX observed by
SEM at magnification 500x (left); 2000% (right).
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Figure 3. FE-SEM images of DEX, HGC, HGC/DEX, HGC/M-DEX and HGC/DEX/M-DEX.
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Figure 4. Temperature dependent rheological behavior of (a) HGC; (b) HGC/DEX; (c) HGC/M-DEX; (d) HGC/DEX/M-DEX.
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Figure 6. In vitro gel stability and enzymic degradation of HGC
thermogel.
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