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Study on physicochemical properties and biocompatibility of

injectable chitosan—hyaluronic acid hydrogel loaded with NGF
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Abstract Objective: To prepare an carrier for NGF with injectable chitosan—hyaluronic acid
hydrogel, and studying its physicochemical properties and biocompatibility. Methods: Preparing
chitosan-hyaluronic acid hydrogel crosslinked with genipin, inverted method was used to
determine the gelation time; scanning electron microscopy was used to observe the morphological
structure; the physical and chemical properties were measured by NGF release, vitro swelling and
degradation assay; the biological properties were measured by MTT, NGF activity assay and
Co-Culture experiment. Result: Injectable hydrogel which had a structure porous network
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congealed at 37°C in about 37 minutes, and its mostly degradation degree in 8 weeks was 76%,
sustained release for 21 days with biological activity. Moreover, the chitosan—hyaluronic acid
hydrogel could promote RSC96 adhesion, proliferation, migration and release of cell active
substances. Conclusion:Genipin-crosslinked chitosan-hyaluronic acid hydrogel have good
biocompatibility, and can be used as a carrier of NGF. It could be used as a potential filling

material for nerve conduits.

Key words: injectable hydrogel; chitosan; hyaluronic acid; genipin; nerve growth factor
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Table 1 Gelation time, average pore size and porosity of hydrogels with different mass ratios GN

215 GN &# (mg) I TR] (min) E Com) LB (%)
A 1 38.25+£3.10 42.901+9.51 70.35£2.28
B 2 38.25+1.26 40.681+11.87 66.97+3.23
C 3 36.00+£2.83 36.33£16.65 62.13£3.43
D 4 37.00+1.83 34.27+15.31 57.37%3.61

37°C, PH 7.4 % T, VUZLM kHEE RIS 8] 73 73] 4 38.25+3.10min  38.25+1.26min
36.00+2.83min F 37.00+1.83min, KIS [EA7E 37min /247, GN & & B0 BRI I [R] AT
BE . A-D LR KN 5N 42.90£9.51 um. 40.68+11.87 b m. 36.33£16.65 um Al
342741531 w m, L B K /N 4> 5 A 70.35+2.28 % . 66.97+3.23 % . 62.13+3.43 % Al
57.37+3.61% . FifiE GN S &=, CS-HA FLARIERER/DN, FLBRZE M IZRETR N . i B i
GN & &, REWRTE CS-HA HIFLIR LA ALIR %,
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Figure 2 FTIR spectra of different gel materials
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Figure 3 The SEM images of CS-HA hydrogels
(a) group A, (b) group B, (c) group C, (d) group D (1000 x) scale bar: 30 pm
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Figure 4 The swelling and degradation of CS-HA hydrogels time dynamic graph
(a) the swelling ratio of CS-HA hydrogels; (b) the weight loss of CS-HA hydrogels

4 (a) NAFIKEHAE PBS (PH=7.4) HiEMKIEREE L. 7E 0-180min, KA ENE
Ak E 230G b, 180min Ji5 & A N2 Wk TR IK P . A-D 20 GN RSN, %R AL
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27.98+2.44% . 27.13+2.26% 55 28.20£1.98%, CS-HA A AL 75 A= Wi (1 15 F T bk 4
fi, MR IR, 75 7d LUS, CS-HA [ R4 75 B RAL ST, PR Rk 1E,
BEE GN &I, B WEUE, HUBBME YR, A-D AN R B W K. A-D
2H B frd AR AT LB (p<<0.005; B SEIH¥E 0, RPSE GN & &, f£E—E LN CS-HA
BRI IR B A 2 T LA 4%
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B EL NGF 2R LB 5 BT, NGF B EBAAE AN BL BB 0-1
K, NGF B BUE R & HA B B KB, A-D 455l 33.7242.16 %« 31.32+4.22% .
28.95+3.96% 29.05£1.48% . B EL: 1-21 K, B CS-HA MEHAFRS: M, NGF B
HARLRIFE— D RE R =K, Hh A ABBUEERZ, 188 79.21£2.51%, 1 D 468 &E
Bl /b, h 71.2642.89% . 1F 21 KLLJS, NGF BEIEA L FIFRE, (UEMEHK,

CS-HA %t NGF [ 8 ZERaE1A 21 K, Ui CS-HA /& NGF R I3 44E4 k. A-D 20 NGF



BECRAIE ELEL (p<<0.005: A GTH2EE 0, RSB GNIKEZ, BB NGF

T T T T T
28 35 42 49 56
| (KD

5 NGF RilFimhsk

Cumulative NGF release

—— A
- B
1007 C
=] D
m i ——
; 80
It
B 604
4
= 40-
%
e 20
0+ T T T
0 7 14 21
Figure 5
FEHGEE .

2.6 NGF E=45EM4ME

Fkk

*kk

kK *Kkk  Kkk

Kl 6 CS-HA B NGF 5 A

Figure 6 Bioactivity assay of released NGF from CS-HA hydrogels
the morphology of PC12 cells (a) in culture medium (negative control group);(b—i) in the release medium
collected from CS-HA/NGF hydrogels at the 1st, 3rd, 5th, 7th, 10th,13th,17 th and 21st day, (100 x)scale
bar: 50 pum; (j) the percentage of PC12 cells with neurites.***p<<0.005
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Figure 7 Each group of materials 1.3. 5 days
OD value ***p<<0.005
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Figure 8 The SEM images of RSC96 cells
seeded on CS-HA hydrogels
(a) group A and (b) group B; after culture for 3 days at (a, b)

1000x%, scale bar: 10 pm
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KW CS-HA A RAFMAEMAEE, BEESCRF RSC6 RGP . (LI 8)
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MBI EIRITOA T 100 24058, SUH 50% I B feis il iy I EZ Thae.
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AW TR BRI KB ARLN. 2 B4 DU R 5 TR B RAFIAEiEtE 51 5e
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FLl 4 513 NGF (5K SR AL Dy PNL VAT SA0HT 1 8 2%
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PRI (37°C) B BE HEIR ke, 2 BRI FU3R ) 2 1 — KB A RH2S271, pl 3
FUMCRR IR SR o0, TR TR0 O RAFI R B A5, 58 75 HR 55 28R I B-GP 22k CS
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AR T 1 78 2 E] .
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PNI AP ELL 205 SCs HAT RUFIIAHZANE, DUERE SCs UKGMT S 185E . A SIS A I KE 5%
L IR, CS-HA BEfEHE RSC6 FhHft . MTT 45 5% 01, CS-HA % RSC96 JC4H il &1,
AR 15

Hk, BAGESLBRAR LU AR AR RE 0% 4 ) T 20 B 1 308 LA KB R0 I A8 3k .
Valeria S04 H A28 558 I T84 RHIE B A FLIE 2N 60-80% , FL4% 7 30um-50um, 4 F
T SCs i/ %2 PNI iy 8L AR S5 R 501, CS-HA FLARAE 42um-34pm, FLIRFRAE
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M, AFT SCs Kb
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