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Abstract: This study synthesized chitosan-b-F127-b-chitosan triblock copolymer (CFC) with pluronic F127 and chitosan
to increase sol-gel transition temperature. CFC triblock copolymer was synthesized by chain polymerization between
F127 macromer and radical species obtained from f-1,4 glycoside bond degradation of chitosan. These physicochemical
properties were analyzed by Fourier transform infrared spectroscopy (FTIR) and proton nuclear magnetic resonance ('H-
NMR), which showed that CFC was successfully synthesized. The vial invert method and rheometer confirmed the sol-
gel transition behavior of CFC according to temperature. As a result of observing the morphological surface of the CFC
hydrogel using a field emission scanning electron microscope (FE-SEM), it was confirmed that the pore size decreased
as the concentration increased. In addition, as a result of live/dead assay using human gastric adenocarcinoma (AGS)
cells, it was confirmed that cells survive in CFC hydrogel, proving its potential as a cell scaffold. These results can be
applied to diverse bio fields because the CFC hydrogel prepared in this study can be a scaffold that can encapsulate bio-
active material into its pore.

Keywords: chitosan, pluronic F127, triblock copolymer, thermal-responsive hydrogel, tissue engineering.
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ol 89S, F127 macromere &7d ol AF8-% acryloyl
chloride®} radical initiator= A8 potassium persulfate(KPS,
K,S,05= SIGMA-ALDRICHAHUSA)IIA 74 8ko] ALg-3}
At} Live/Dead assay AHS-%l Al AGSE American Type
Culture Collection(ATCC, KOREA)oA] H-ob-& & 10%2]
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nL(0.000646 molyS 7Fsted 1A17F Bt wRESHA L, o]e]]
acryloyl chloride(AC)E 29 pL(0.00032 mol)S 3 7}3}]
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oA 48117 FF BA%E & FAAXRE St =5
F127 macromereE AT}

COS-F127-COS #2585 I FEA(CFC) &4d. Cos2K
600 mgS 16 mL, KPS 120 mgS 4 mLe| SFl 22k &
3] 83)8F 3 COS2K &-Mof] KPS &L HA3s] A7}t
o] 60 C, N, $740llA 1417F 52t REGATA COS2Ke| 2
Z T8 SsFT o] BHE F 24 v KPS 4 B
HESA o] WE 71 EAF EAkre] Wst 5o A 20S &
Ao 2834t F127 macromere 3780 mgs 50 mL2]
32t SRl &3t ‘j/lr‘:]i'L o] FAHE 71EAL &
2AZ8] 27K £ 2, N8 oA overnightsted 4 ]'Oi
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sto] 3x} SR AdollA] 48A17F B B & 54 Ax
AA HFE CFC2KE AUk CFC4K 9A 919wk IA4
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Al = FAe AT HAR| ("H NMR, 400 mHz, Bruker,
Germany)2} €] 44 A|(FTIR 8700, Shimadzu, Japan)
£ o]&ste] 4351 tE 'H NMR #42 CFC 4 mgs &

]l D,O 700 uLoll &3 AAH 1-10 ppm H 2]l A chemical
shifts &3] £-413FiTh. FTIR 412 #8]¥ CFC KBrs
oF 1/100(wt./wt.)2] ¥ &2 2 &3tste] Y A z23 I
400-4000 cm™ g HeJollA Faste] 54 125 4
At
22434 CFC slo|=E2H N=. % CFC= 5%
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;dl ;(—]o] 4 ‘_ % R o i}*_’%
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ool F&7} 15, 16, 18, 20%7} H=F &|A1A, W Bt
sto] the Aol ARS-sHTH
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CFC &42] -4 Ho] 7&5 1g3sl7] #18te vial invert
method "4} rheometer(Kinexus lab+, Malvern, UK)E ©]
g3to] ATt vial invert methodi= A2} &S
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A2 REZA] B2 AR E] A (filed emission
scanning electron microscopy, FE-SEM, HITACHI S-4800,
Japan)S o]&-3le] FEEIT). FE(15, 18, 20 wt%)°ll we}
Al AlzE CFC ato|=2 A4S 297 54 Axste] 788
A A AT FE-SEM 45 %8}04 AzE ME
o] B S Hslo] WiFo g 30 B¢ AHEIL ol F &
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Z38}3L, ©]& 200 pLE FHs| 24-wellol] ¥F3l2 A A4S
218 36 C incubatorollA] 10487+ HHx] & e AGS AIE
—3— 5% 10° cell/well® ZH2F BFalsth. 72417F <t zH2t wy
& Fof PBSE AlF % calcein-AM 4 yME 2|5} 14]
]— To|| P AO T HEL] A= JBE o5y
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MES 3EEA CFC B ¥ 7=X 54 BM. F127
o exo wet 24 Ho| AFL zh= A Edolt).
=4 Ao] A% %zé_hﬁﬂ U9 el il o
& Jeh= oz 21443 i*ﬂel HE-S WstA Iz e
2R =4 o] ex= u}g 2= Qlth, =4 76101 AeS 2
Lol 249 Fro Y EEMA, FI27S 20%5 %, 25 C
olq 24 Ho] AFS vehdith Zeu g es vre
LxoA Uehbe £ Ho] AEL Feox AEEE)

7k olgithe BARE 27 olrh geld B Aol F127
o) 25 289 7B BERFAS) Felz BT
A

22X A0 394 252 TTHIA 4 Hol REE Y
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CFCE 3371 f1sted ®A F127 7209 -OH 5]
acryloyl chlorideE =9UAIA ©|5 AYE 2= F127 macromere
£ 345k th(Figure 1(a)). T4 1% F127 macromere}
chitosang ©]-8-3t] A-B-AZE| 9] 285 FHFAZ g1
$I8led KPSE ol8sle] 7|EAke] W9l A&E9] B-1,4 glycoside
bond(-C-O-C-)E &3 7] &4 #rzs I8N &
F127 macromereE =32 24 CFCE 451 th(Figure
1(b,c)). 71EAL AkSo] wallgol wet A== gz F&
KPS®| &t whgAIZk) mt A=, o= 7| EA BAbE
of FEE PAA drt. 2 HAstE w85 KPSY B v
AR 2 Aol AEste] st CFC A4E5 ¥
AL 8 5 E1sk] 918 FTIRS 'H NMRS: ©]
gste] 72 £A4S S8l it

Figure 2= FTIRE ©]-4-3}%] F127 macromere % CFC<]
TZE B4 % AFoltt F127¢] 749 acryloyl chloride”}t
F127 -OH group®l =Y = o] <F 1800 cm™ol| A acryloyl
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Figure 1. Syntheticscheme of triblock copolymer CFC: (a) synthesis of F127 macromer; (b,c) synthesis of CFC.
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Figure 2. FTIR spectra of (a) F127 macromer; (b) CFC.

chloride®] —C=C- EAJ¥|=7} #2224 F127 macromere
e s K “i}”ﬂ‘i’i%i g1 31 th(Figure 2(a)). B3,
CFC-4 45 2z wkgell €J3) acryloyl chlorideol] &3}
£ C=C Z3}o] C-C & ZAgo 7 Halzo] 1800 cmolA]
acryloyl chlorideol] C=C 54 337} ARRPES E01sH) 5
Alell 2900-3000 cm'ollA] CH,ol 2J8F 54 T|=7} 7]1EAM
ozl Yepte 54 et AXA Uehbe AS skl
tHFigure 2(b).
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W3 Figure 32 'H NMRE ©]-8-3}4] F127 macromere
2 CFCe #+x5 243 4ot} PEO-PPO-PEOZ 13
% F127-2 1.2 ppmol| A1 PPOS] CH;, 3.5 ppmol| 4] PPO<]
CH,, 3.8 ppmell4] PPOS] CH 7}7} 44 54 3]a2 m%
golakitt. &3 3.8 ppmolA PEO?] CH, 4 &4 3=
7 #Z=E At} F12790 acryloyl chloride’t =¥ F127
macromere®] 739 6.0-6.5 ppm®l|A] acryloyl chloride2]
CH~=CH 24 54 =7} vehte 21& SR1sIitH(Figure
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Figure 3. '"H NMR spectra of (a) F127 macromer; (b) CFC.

3(a)). WA CFCe] 749 6.0-6.5 ppmollA] acryloyl chloride
9] CH~CH F4 54 a7t AR = A& gRlsison,
3L F127904 YERA] 948 3.1 ppmollA] 7] EARe] 2 9]
o] sp4xo] B4 F=7F CFCOlM AEA Yersdtt. 22|37
ELblle EA1IA] 92 1.2 ppm T4 F127 macromere®]
T4 54 935 CFCIX = B2 5 AUSAth(Figure 3(B)).
o213t FTIR % 'H NMRAAE F3l CFC &85 353
7F Ao NS dSEih

CFC 3l0|=2H2| EH 0| 7S A Gelation 2= 1.
LTS slo| =R FRolA Freol 2ol A5 3t
FEM o] 27l eJate] A Ho] AFo] dojup A
o] A2 A He] :pA /A w3l ofsl vehv=
Aoz B Ao 219 259 gl mE A4 A

COS 2K

CH;=CH in AC

J kF 127 macromer

= F12790 259 251 71EAkS E5 35 FHE =
YAA olo] mE HA o] FAe FHsAT

£ AX e 71EARe] EAFEHCOS2, 4 kDapll e CFCE
it =4 Aol AsS FEske WHelle vial invert
method®} rtheometer((Rotational) rheometer, Kinexus lab+,
Malvem, UK)S AHE-8H BRI REEI2(G) YR EE2(G)e
Wals e whHo] ok

Table 12 vial invert method2 Z-4 o] AL A3}
Azlolt}, CFC2KE] 3% 15%AM = 24 C, 1 0|2 5%

oM 22 CollA] &4 Ho] &S &&= ). g
3 CFC4K %7t 15%<] 749 25 C, 18%°l A= 24 C,
20%1- = 22 CollA &4 Ao dido] Fa= Tt o] 4
FN2ZHE FY3 EHoM = T EE5E o vk

o] A& I 284 stol=2A Azl Uwt Seollx 24 Ho] dde] yehdS & & ATk TS #
o7 AgEE EFS FI2TE 20% 5 wl 22-23 Coj A 2 U e 259 ol b vjnE 73e-, sk
A E4 Mol do] Uehdth B Ik’ Aol A swolM M e EAbde] E45 &4 o] 2%t
& o] Aol 9 A 2AF8 AAA R E-8ah7] HsiMe = Ae & AT
o] 2&7t FsrEofof & ot vk webs & AolA A Aol AsE ke HoRE 2k e SR
Table 1. Sol-Gel Transition Behavior of CFC by Vial Invert Method
Concentration Temperture ()
(Wt%) 20 22 24 26 28 30 32 36 37 40
15 A A © ©) ©) ©) ©) © © ©
CFC2K 18 A ©) ©) © ©) ©) © ©) © ©
20 A © © © © © ©) © © ©
15 X A A © ©) ©) ©) ©) ©) ©)
CFC4K 18 A A ©) ©) © © © © © ©
20 A © © © © © © © © ©

Not forming gel (), sol-gel intermediate (A), forming gel (O).
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EHX(G)H FAAREH(G"] HelE #Este ¢ 67 CFC Gelation A|Zt ¥ LCST HE Y. 2784 at
o] WAFHE o] &35l gelation =8 TFHE 4 Ut} 5o ol=2Ado] 73¢ gelatlo % E,:“} ol 2} gelation /\] e
=24 3“40]'—* 49 Af H2 2roxe AREY T8 94 Fol| shtolnt. dollX= HA HEE A8t

20| GEFs gol o, 2rrt A5l wet e REe o7F 1Al A-&E AL W w2 AJZF Wol] gelation F ook
29 9 %k,g_ ol wbA| ), %o wE CFC2K, CFC4K Sht}, gelation =527} ol gelation Al7bo] S 739 Q1A

REel 0] W3S Figure 4(a)°ll 2H2F Yebth 274 FHsk= HolM gelation Fo] AA FUL —/F‘ e
gelation 22| Z71o wEhA G Ge] WS FsiA AFo] ATk ESH gelation Al7Fe] WE =& 75 Q1A djell
AT ¢ 3ilor, Frt FoPdFE gelation 2=7F A gelation HA] & 7Fs o] 371wl 7‘”4’5‘1 A &
o= A T 5 AT F e A= Table 20 & A a7t vk wEA & AFelM = gelation =014
ofsliet. AxellA B = Sl%e] CFC2Ke] 749 s/t 5 SAREH 7 Hot HAS e T gelo] IE A
71ghol] wEbA gelation 2=7} 28 CollA] 20 T2 Yot o2 FAsiy ojuje] AJ7RS- gelation A|7FeE S ST
HEgE CFC4K®] 735 30 Collx] 22 CR o= 218 &)1 (Table 2). L =22 ¢ %7 =2 7§—r gelation /\]7,}
T ATt o] £& AL FIT F AT ol =& F= AT A
Figure 4(by= 749/42574 & v o2 &4 A FRET FHH A T Agd & ‘3 B }\]ZJ'O]
o] /S ek Afelnt. AellM & 5 %ol 5 e’ = a3 Zleg AlgHY 44 o] dUHeRE B
Ao S w7t Z7Vek) ulel AAo R e S o)A CFC4K7} gelation Al7to] =2 AL RIS 4= lglom, o]=
ol 25 Btk 283 T FolME A I A4 2wl o7 254 FTAEE A7) W2

o] JTlH O WE CFCIKS) 7o) 57t ¥olde & Ao Almelrh. olejd At golation L& As U
99k ol BARe] TEde] mE Wek 1Y 1 @S s,
o] 2718 gelation L7} Z718 A o= AlmEc, LERe SelErAe exel Sl weld £ A

Table 2. Rheological Properties of CFC by Rheometer

Concentration (wt%) Sol-Gel transition temperature’ (C) Gelation time“ (sec) LCST? (C)
15 23.99 30 20.83
CFC2K 18 21.95 40 19.65
20 20.87 60 19.20
15 25.47 50 21.57
CFC4K 18 22.88 50 20.49
20 21.84 70 20.01

“Crossover temperature between elastic modulus (G’) and viscous modulus (G"); *°LCST values of CFC hydrogel were calculated by the
crossover point at low temperature ranges; ‘Not show hydrogel forming by vial invert method.

W, e

a)” | ! =
( ) CFC2K-15% | CFC2K-18% . ... | CFC2K-20% {b) %
z — i e, " , S
by ¥ o | ; S .-:/‘\ T 01
z e " T 7 1 " .
s / Gelation Temp. 5 /Y Gelation Temp. = S7 Gelation Temp. Py
o = -'_,_ o w @ IT) 28 ]
=] b
2
= B » - 1 = » ' 1 = » - = 28
Temperture (°C) Temperture (°C) Temperture () E
o
- " ws o
CFC4K-15% .| CFC#KAaE% | CFC4K-20% £ 2
phtrs " L
i g ¥ | =
e T —— T e £ -
o bw rd b el - NEER 22 4
H /" Gelation Temp. g /7 = 3 ”‘\
o ow 7y o S/ Gelation Temp. o owy
1 W o/ i S/ Gelation Temp
= i — I Ef = 20 T T T T T T |
- b A e ST : 8 10 12 14 16 18 20 22
» » » - 10 n » - - » = -
Temperture (°¢) Tempesture (°€) Tempacture °C) Concentration (wt%)

Figure 4. (a) Temperature-responsive elastic (G') and viscous (G") modulus changes of CFC2K thermosensitive hydrogels according to the
concentration; (b) sol-gel transition diagram of CFC thermosensitive hydrogels.
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