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Fabrication of In situ-Gelling Silk Fibroin-Based Biomimetic
Hydrogel for Spinal Cord Repair
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(State Key Laboratory of Advanced Fiber Materials, College of Materials Science and Engineering,
Donghua University, Shanghai 201620, China)

Abstract: To develop a hydrogel scaffold for spinal cord repair with appropriate in sifu gelation time, low modulus, and
good biocompatibility, a horseradish peroxidase (HRP)-mediated, mildly crosslinked silk fibroin (SF)-based hydrogel was
used as the matrix material. This SF-based composite hydrogel was further modified and tuned by incorporating tyramine
(Tyr)-grafted hyaluronic acid (HA-Tyr). The effects of different HA-Tyr contents on the gelation time, compressive modulus,
and cytocompatibility of SF-based composite hydrogels were investigated. Results indicated that higher HA-Tyr content led
to shorter gelation time and higher compressive modulus of the composite hydrogels. The S8H2 hydrogel (volume ratio of SF

to HA-Tyr is 8:2) exhibited a gelation time highly consistent with the surgical implantation window, and its modulus also met
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the biomimetic requirements for spinal cord tissue. The proliferation capacity of mouse embryonic fibroblasts (NIH3T3)
cultured on the hydrogel surfaces generally displayed an initial increase followed by a decrease with rising HA-Tyr content,
with cells on the S8H2 hydrogel showing the highest viability. Considering the gelation time, compressive modulus, and
cytocompatibility collectively, the SSH2 hydrogel demonstrated superior overall performance, showing promising potential
for effective application in spinal cord injury repair.
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OB, XE LIS BE S 2% 1 SCT F AR5t 11T TR 100 485 Hh ] e S RO 11 £k 19 i Jo 40 KR - BH I 7K B8 e F T
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BT ROF: MR8 -FE ) 21088 ( 7 ) A BR 2 7 MA204 R 5 45007 A 2% 18 2 4R 35 4% . B+ Bruker 23
AVANCE 3HD 600 MHz & ; 15 2% i 28 A% . 55 [F Waters 23 7] ARES-G2 #l; J7 REATRHRA I AL TR = 4L
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Fig. 1 (a) Flow chart and (b) schematic illustration of the preparation of HA-Tyr
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IR J5 ST BN FE RS Z e i AR U . 7E 1 Hz BYBFERAN 10% 1145 48 R I3 /K 5 e il e 1 f b i i e R (G 5
PR (G") o
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i 3 4 T — K261 3 —— Before grafting

7.38 AL'\LHIETEJ‘ Tyr Zliﬂ:?iﬁﬂ/‘]ffﬂ‘fﬁgﬁﬂ@[ I, X —— After grafting
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TN A S M Tyr 5 HA (19 73R8, fif
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HA T g o S s S B A . Z5 b, T LA IA o @
Tyr B DA% ) HA 2 4% A4 i H A7 77 4 HA- Y ]F
Tyr, He B 45 W 3 3 8 4 % 9%, 5 50 ik T S
[26,34] 4R3E PIFERR A Y —s— . . S
2.2 7F[E HA-Tyr & 23 SF £ 8 & 7K 5 B A 5 K &8 7 6 5 4 3 2
HE R K2 (a) Hb57# HA-T EPE(;TH’EHG“ W (DR
M= o A& = ) A £ a AR -Tyr SNGERIE==75 KHFE
P (37 °C) S AF T, SE A HA-Tyr Byl £ SO0, @RI A, B 2L |-
HRP/H202 gl ZQ‘MK%\ E‘]{’EFH_FZQEEQE*&@ o jCﬁj( %g)’ (b)HA k% Tyr ﬁﬁ)ﬁﬁng-NMR 13%—[2]
[19,35,36] 5 i, SF A0 HA-Tyr filE B W R AR Ey R AR Fig.2 (a) Different hydrogen chemical environments of the target
T AL B I R A B 3L, &5 FRME BB Bl 1% product HA-Tyr (Drefers to the ortho-hydrogens of the
SRR, M BRI . R LI g A B 5T o hydroxyl group on the benzene ring, @refers to the meta-

P T 3L A ‘ T hydrogens of the hydroxyl group on the benzene ring,
A N ZN
CER i *HE}LE}E%L\ Tm}ﬁi% (Fl3) ’ /\Xﬂf (Brefers to the methyl hydrogens of the acetamido group);

S N AZ U B B i EETE A AH H B Jﬂz:@%ﬁ (b) 'H-NMR spectra of HA before and after grafting with Tyr



122 Uik m o F ¥ #3945

3 FIH HRP 5 RARRIE AL SE/HA-Tyr B4 7K B (A LR 214
Fig. 3 Schematic diagram of the crosslinking mechanism of SF/HA-Tyr composite hydrogels formed by HRP-initiated system
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(a) It/ o G530 7R, STOHO 7K e i 358 s i 1] e K, S6H4 /KI5 e O HE I st ) e o Bl 78 37 °C N X ST0HO .,
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BIE i a5, 5 AR S KRR THA RER FR . 76 SF 5 HA-Tyr & G R 1, HA-Tyr & il &5 9K
EEIE, T 3 B R 22, PR T (AR B0 1 0 6 1 B eF ) 52 R IR ZH 7 Ty 8244 51 SF 43 F-4%, [RIAETIESE
1y 24 S A1 5 i v, LB e Ak ik 3] S A BT 5 1S (R . 45 A FRAE AT 1 A TE] 4 5~ 15 min B9 ER, A5
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Fig. 4 (a) Gelation time of SF-based hydrogels with different HA-Tyr contents and macroscopic photographs before and after crosslinking;
(b) G' and G" of SF-based hydrogels in dynamic time sweep test
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