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Preparation and Biocompatibility of Injectable Chitosan-Based Hydrogel

YAN Ji-hong - SUN Hai-mei - SHANG Hong-wei - ZHANG Li-xin - LU Xin
Department of Histology & Embryology, Capital Medical University, Beijing 100069, China

Abstract: The thermo-sensitive gel system based on chitosan-glycerophosphate salt (CH-GP) complex and
chitosan-glycerophosphate salt-hydroxyethyl cellulose complex (CH-GP-HEC) were prepared in this study.Various
factors affecting the properties of gels (the gelation time, the incipient gelation temperature (IGT), microstructure of
the hydrogels, the swelling degrees of gels in buffer solutions, cell toxicity and the biocompatibility with bone
mesenchymal stem cells (BMSC) were tested. The results showed the gels system can be quickly gelated with pH
values from 6.8-7.4. The gelation time and IGT were reduced with GP concentration increasing. The results of
biocompatibility showed that lower GP concentration (100-400 mg/mL) was beneficial for cell proliferation and
growth. Based on keeping the properties of the gels, the glycerophosphate salt contents of the complex could be
decreased largely, and e gelation time, IGT and gel strength could be modulated by addition of various concentration
of hydroxyethyl cellulose (HEC) to CH-GP complex. The HEC concentration is the opposite to gelation time and
IGT.
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1.1 #8
1.1.1 EZERF: 5TE P (DDA A 84%, Polysciences,
USA); B-Hilif#fR%4 (cell cultured, Sigma, USA);
B OREAYE R (Fluka, Fiit).
1.1.2  #HBE: SHEN 4N (BMSC) HUH 6
WAHENE SD KB (%1150 g, W TR S2Eksh )
), B AR, $2H BMSCs, fR4halith %5,
ARSI 37 5 5 28 3 A4 A T8
1.2 53k
1.2.1 CH-GP A CH-GP-HEC 3 # P % iz 69 %) & %
120 mg 1155 KM A MARTE mL 67mmol/L[1)H 5 R
H. 0 5H1%100, 200, 400, 600, 800 mgffp-t it
TR R BNV AR 1 mL 288 8 7K H ) A [ ol A 1
GPH - TEAWITEFE T A [F] o S FE R GPYE R 73
AIZE AN CHIEW H, 4 100 mg/mL CH- GP(I),
mg/mL CH-200 GP(II), 400 mg/mL CH- GP(III), 600
mg/mL CH- GP(IV), 800 mg/mL CH- GP(V), /& -
$5~25 mgTHECH f#AE1 mLIPBSH, FLAk2.5,
5, 10, 20, 25 mg/mLAJHEC R . SR 54400 mg/mL
CH- GP5ARFIREHEC/HILAS: 1 (viv) HIELBIE
4 il £ AN I HECHC He A CH-GP-HE CHE i 5T
1.2.2 FHBAGF & & BV R BAEE IR K A8
W, TEARFIIRLE T2 AR B, —40°C Wik
48 h, FERVRT IRV T T 5K
1.2.3 #mdsEpciimE (IGT) B #t i it A a9 ) 2
Y426 5 mLA RV IR 50 BT A (R RE e 1
BAGF S, MR E IR N18~90 C, it FiR
FE R V) B REAT N o W 5% 51 S Lt [ B (1) 5
JBE R L o 9 PRAUE WL B P47, REBE%30 min S+
LR, BIRTHE1C, WIS .
1.2.4 BRESH BRI RIIERA T, BCTEE
E#4150 mg (Wo) B TpH 7.41PBSIAE (37°C) i,
B BT (B EORE, BRI RTMI K, FREW. HEIKE
AR BIRE= (W-W) /W,
1.2.5 F&ERMHAME  KHFEI SIRION 200/INCA
OXFORDHHHi HL 5 (EEFEIA R METH K
FLEKRADNBTER -
1.2.6 569 £ 00 IRIEWHI%: % 10
mL/cm? AR HE, H4 B 120.8 cmff) 72 B HE KR A4 B4
AIAA FAFR R F=0H, 37°C FAR¥F24 he
TE96FLEE FEM LA BMSCsAII L, 40 ik 15 M2
x104N/mL, #FFLIIA0. 1 mL. JA5% CO,. 37°C
B AR N FR24 W HU, BALIMAR IR0, 1 mL,
TAXNRAMAO. | mLEFFRE, EHBALEFRZEN,

oAl T24 , A8 hEHUH 1SR, BFLINAMTT
20uL, 4 hJFHIDMSO 150 pL, 7Z#%10 min, HIEEARX
K, 1CskODIAE .

HY 4k PR 47 (1) 4 A CH-400 mg/mLGP-20 mg/mL
HEC(VI)EERE AR 6 FLAR 440 B BA 2x10°4N/
FLI & BRI T2 IR 1=, 78 37°C, 5%CO,fIE%
FAAHRREFE 24 h, FE/NOKRE TR, FCH
MIPBSIATR TS 2 Ik, KBRIEFESMYIM. TEA R
B, AN BR76% (FDA) Yekl, 7E52)65 M
B R M I A . MTTVER I BMSCsTE & i i _E
1 3 A 5 o
1.2.7 BIRARNABZE  SDA R 18 R B4 At
4. R4, 25 CH-GPAICH-GP-HECHE I vE 5t
FIRBKBEAVAI, XFREAESAEFREK, 50 TR
Ja4 , 8, 12JAKLFERER, AT KAEARA LA E B

24 R
2.1 FEI4E AY BB AR IR R 49 B R B 18] Fn 40 34 14 %
RaE

#% ) CH-GP 1 CH-GP-HEC /K&t AL BRI
PR T RIR IR, EREF G (37°C) #ElH

R 1T, BEEGPIRERIE I, CH-GPIAEWI
pHAEZHIE K, e VG BRI E (IGT) B,
MAE37C R B AL TR B 4650 . 7 10%(w/w)GP
HICH-GP A BE BOIE, 4GP 5 N800 mg/mLHAT,
37°C#130 minBI AT B . 24 GPIKE 9400 mg/mL, H:
WA B IR E46°C, E37°C, 3 dA TR . X JeH
NIMAGPJG, —#BrGPEA R H FAl,
DR A VAV RIpHAE 3 K o 534k, BEAE GPIR I3 K,
RPN S IB-GPIE %, B K TR R B T 5
77, M FBUA AR R IGTAAKIR 7 M3 .

1 GPIREITERSR&pH, WIEKEGRE . RRERTERY
A

Table 1 . Effect of GP concentration on

gelation time of CH-GP

pH, IGT and

GP & / (mg/mL)
Tt H GP concentration
Item

100 200 400 600 800

pH 6.4 6.8 7.02 710 720

VIR R

wE/C - 65 46 38.5 368
IGT

37°C BB [A]/h

Gelation time in — — 72 1 0.5
37°C

Tee e SORAERIR AR P R
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Note: : “—” indicates no gelling under experimental conditions
Hi1% 2 WA, /£ CH-GP-HEC ¥, Bi% HEC
JREEIR AN, XA pH BRI, R
W46 RS FEA, 75 37°C T IR UR SR AL [R] 1] (2
Y65, & 20mg/mL ] HEC BRI AL Tmin P gl AT
BB o FEXT AT B A AR BN ORI FT v, SEIRMEER
R (120 °C, 15 min), JH# 5 72 KB R Sh A K
FEA PR BAR, JiAvERe W B RRAC, (EORHR B T B
S, fE CH-GP-HEC Wi, Hrh GP HIRER
400 mg/mL
X2 HECHYKEINEEIARMIpH, FIARBGRE . AR
B iE] B 20
Table 2. Effect of HEC concentration on pH, IGT and
gelation time of CH-GP-HEC

HEC %
2.5 5 10 20 25

/ (mg/mL)
pH 7.02 7.03 7.07 7.12 7.18 7.21
HIUE Rt
N . 46 39 22 18 13 4
IR/ C
37°C

o 4320 70 30 1 7 3
i} 7] /min

2.2 ERRAORIAL SR
HE 1AL, 400 mg/mL CH- GPF120 mg/mL
CH-GP- HECT-#t /IR W AMAREE M, FLIR2974100

o by g.%z '
w 3 £LEHR Vg o SRG
=R fﬁ&é:t:?iw: LY
, Panito o Sl e T W)
a. CH-GPE{E CH-GP section; b.CH- GP -HEC #HEFECH- GP -HEC

transverse section
1 FREHHERIRR A

Fig.1. Representative scanning electron micrograph of Ch-GP
and CH-GP-HEC section structure
2.3 iRBRkIMERE AT

M 2 AT, 2 FhBEIERAE 2 h Jo S AT )P4,
Wik %)y 5-8 1% . 20 mg/mL CH-GP- HEC FIVA K =
T 400 mg/mL CH- GP [iEK 3, X & HF HEC & F
FaEE, B HWRUOK.
2.4 BMSCs #AEREEMAZIRAPINEKE

7

M 3 HANRI ) 2 MTT 7T BAE H, 76 GP 1Y)
W SEDY 800 mg/mL I, FREARBUN 2L ) AR A AT B Y
MEER . XZF A 800 mg/mL  GP VAR T
R, BIEREEE R BEE, wmT A
MRAES R BNEE SRS, SR BRI &
BKM GP IR CH-GP R4 LR 141 i 1) A

v

THRL K FFR

TESANERELEHEMBERKONERLEMABENE
K. NRIEERTUEEY GP WK N 100-400

mg/mL A F| T4 A K
12 -
10 -
A4 i) 4
5% gl +/I T 1 T
ié 6F _ = I I
& 2 l =3 Y T T
175} 4 -
2 -
0 1 1 1 1 1 1 1

t/'h

—e— CH-GP; —&— CH-GP-HEC
E2  CH-GPFAICH-GP-HECHYABKZihz%
Fig.2. The swollen curve of CH-GP and CH-GP-HEC
12 1
1.0
- 0.8
8 0.6
0.4
0.2
0
ck 1 II I v A% VI
O24h; W48h
& 3 BMSCs{RETEARF]LE R HICH-GPFICH-GP-HEC®
RETFREKER

Fig.3. Proliferation of BMSCs in extraction fluid medium of
CH-GP and CH-GP-HEC as a finction of time of culture

2.5 BMSCs #ipfifE CH-GP-HEC ;28U % E YA

KIER

BMSCs 7E CH-GP-HEC iz #8505 i 5 _E WK Feb 5
YHp R BT, WoMmBCREEEK. M 7d 24
FrUf O A2, FORHR 4 S s B sl (B 4D,
M MTT IR ATLLEH (B 5), 75 BMSCs B i
LIS () 388 o, K BT, B b AiE BE B 1 4% 14
CH-GP-HEC ¥tk 5 BMSCs .4 K1 [ 2 i A 7%
P

& 4 BMSCs F#E7E CH-GP-HEC BEUERIIE E1ZF 7d 4Af
IS

Fig.4. Living cell fluorescent staining photomicrography of

cell-seeded CH-GP-HEC after 7 days
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Fig.5. Proliferation of BMSCs in extraction fluid
medium of CH-GP-HEC

3.6 RAENIRIE

BT shny 5 BRGS0, MRS B4
RELE, HETRKRAMEIN . 50/ 5
RYERNL, 12 J& JE AR 4 FE AT BTk ) o
Vi Z B AR 5% BT AWM, T3 A e
JEME, ATLE AR R R
33t i

76 TEWH I AR FLATAE (M — 5 PH A7 O B %2
W, TERP TR, AL, (R E TR
BHETIZMNA. 9k, OFF 7R &R
PRI AARIEE, SRTAT, I LB RIF 7T AT 3 7 4
Yl T2 B JE T 2% A8 DA B i 438 3 A0 A= 0 P 25 1 PO T L 4
S ET .

AP K 1) % 1) 576 SB35 Tk AR VS Y 11 e e LA
SRR T R 22 Pl R, A 2 A e J i ) 4%
F DA K R AR AR 2 M IR B A AT T IR T
2 LR L5 PR GP IR IE R, IR
PERLLE, fE GP IWREERBARES, KM pH HBIK, &
Fath, TEIREE R i, SR pH {E 3 AR
f) pH fE. pH {7E CH / GP It fe b i B
HEEWIER, pH HBARK BT 4775 F s HE R
71, BIES TESRERIE AR, XFHER R, (s
IRAL I AR 5 = o B GP IRIREESG N, IR
WIAAGIR BE BT A, 76 37°C I 1 R I 1) S8 4
Fi. XAHT GP HIIIN B 58 REPEEE 2 8] 1) &
L KA AN U 4 R

g5 L2 800 mg/mL GP F BRI W) a4 T
BN 36.8 °C, AITEARNIRE T B AL, AR [A] 2
830 min. {HMAFEHIAH LR MTT 45 R 20K,

BB (GP) AR 40 A, GPkEEN
100~400 mg/mL B3 R F-4UMI A=, & 5 GP IR E
(600~800 mg/mL) WA, BARRIIAIEE,
AT G EIMIAET: . X2 N 800 mg/mL GP
TWHIBE L2 1080 mOsm, KK T AAARGH ) 1E
WBIE, MHIIR A, BRMTE 25 8 A VR B
[F) P[] R 19 222 S o 24 e ) AR KB 0 . % 400 mg/mL
GP B, AE 37 CI ORI T4, B ABIERA
IR Bl i K

K, AHFTAE 400 mg/mL CH- GP R T5
Feft EINAARFREE ) HEC, HEC HIIMARRK T 1%
TP g BT i) 0 N 5 B PR B T R e Lt o 5 TR
/N, CH-400 mg/mL GP 4G5 RIRE )y 46°C, N
A 20 mg/mL HEC J5#¥JURIR BN 13°C, HI#1E 37°C
MR IR] S 72 h, TS # RA 7 min,  HXTAHAE
ARG RFRIER

WK BAT LA, CH-GP-HEC H & RIFH
TR VERE, AOREREIRBOK S R, 390 T 54
ISR, PRI EAT SE A B AE AR
FEH A TARERI SSRGS I AN D e S5 44
BRI 5 R AR . AT T4 R,
CH-400 mg/mL GP BRI HEC, AMUAERL 1 H
JREEFIR],  FRAR T AIARA IR EE, 1T FL R T IR A p-H i
EREY (400 mg/mL GP) & &3 17 HAMIM A
b, B OIEA RN, ERH] T HRA TR
FURIVER, (R AE 52 SRME K BE IR S PR 2t S i, [ B
WA F)F- A0 A R o v i AL i, T F 42T
SRR o
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