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Abstract
The enzymatically crosslinked hydrogel could replicate the cellular microenvironment for
biomedical applications. In the present study, to improve the cytocompatibility of chitosan (CS),
sialic acid (SA) was introduced to CS to synthesize sialylated CS (CS-SA), and the tyramine (TA)
was grafted to gelatin (G) to obtain TA modified gelatin (G-TA). The successful synthesis of CS-SA
and G-TA was confirmed using 1H NMR and UV–Vis absorption spectra. The interpenetrating
polymer networks G-TA/CS-SA (GC) hydrogel was then fabricated via blending G-TA and CS-SA
solutions and crosslinked using horseradish peroxidase. The storage modulus (G′) of the fabricated
GC hydrogels with different ratios of G-TA/CS-SA greatly varied during the formation and strain
of hydrogels. With the increase of CS-SA concentration from 0% to 2%, the storage modulus of GC
hydrogels was also observed to decrease from 1500 Pa to 101 Pa; the water uptake capacity of GC
hydrogels increased from 1000% to 4500%. Additionally, the cell counting kit-8 and fluorescent
images demonstrated the excellent cytocompatibility of GC hydrogels after culturing with NIH 3T3
cells. The obtained results indicated that the fabricated GC hydrogels might have potential in
biomedical fields, such as wound dressing.

1. Introduction

Hydrogels crosslinked with hydrophilic polymer net-
works are widely considered promising materials for
tissue engineering and regenerative medicine [1–4].
The hydrated structure of hydrogels facilitates oxy-
gen and nutrient transfer to create a peripheral envir-
onment similar to the native extracellular matrix and
thus promotes cell proliferation, differentiation, and
gene expression [5–8]. Natural polymers such as fib-
rin, alginate, collagen, hyaluronic acid, gelatin and
chitosan have been investigated as functional bio-
materials for hydrogel production, with gelatin con-
sidered particularly promising. This is because gelatin
constitutes the main extracellular component of con-
nective tissues, including cartilage, bone and skin
[5, 7, 9–17] and is rich in arginine-glycine-aspartic
(RGD) peptide sequence. The abundance of the
RGD peptide sequence enabled gelatin’s integration

with hyaluronic acid, poly(ethylene glycol), algin-
ate and silk fibroin to improve their bioactivity for
skin [18–27], cartilage [13, 14, 28–33] and nerve
tissue engineering applications [34, 35]. Chitosan
is another natural polymer that has been used
for biomedical materials due to its biodegradab-
ility, anti-infection activity, biocompatibility and
hemostatic activity, although its applicability is lim-
ited by its poor solubility in aqueous solution
[36]. Chitosan possesses many reactive functional
hydroxyl and amino/acetamido groups that facilit-
ate diverse chemical modifications to produce vari-
ous chitosan-based hydrogels for various biological
applications [7, 23, 25, 37]. Song et al [38], prepared
the hydrogel adhesive by integrating polyvinyl alco-
hol and catechol groups modified chitosan, and
durable and repeatable adhesiveness was reinforced
because of the limited auto-oxidation of catechol
groups of the 3-(3,4-dihydroxyphenyl) propionic acid
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Figure 1. Schematic representation of IPN GC hydrogel by an enzyme-catalysed oxidation reaction. (a) Synthesis of sialic acid
grafted chitosan (CS-SA). (b) Carbodiimide coupling of tyramine (TA) to carboxylic acid residues on gelatin. (c) HRP-mediated
covalent crosslinking of G-TA and the formation of IPN GC hydrogels.

modified chitosan. The designed hydrogel displayed
potential in tissue adhesion and wound healing
applications.

It is acknowledged that stereospecific saccharide-
saccharide interactions at the cell surface perform
essential roles in various cellular processes, such as
cell adhesion, signalling and recognition [39–44].
For instance, oligosaccharide Lewis (X)-Lewis (X)
interaction induces cell adhesion in embryonic
development [45], and dissociated sponge cells from
two different species can reaggregate through sur-
face proteoglycans in a Ca2+-rich environment by
sorting out according to their species of origin
[46]. Moreover, in previous articles, mono- or
di-saccharide groups were creatively introduced into
a polymeric interface material to enhance the affin-
ity to glycopeptides based on saccharide-saccharide
interactions [47–49]. These examples inspire an
investigation into introducing a saccharide group
such as sialic acid (SA) to a hydrogel surface to poten-
tially enhance interaction between cells and materials
for enhanced cell biocompatibility of materials.

In addition, the interpenetrating polymer net-
works (IPNs) hydrogels using the combination of
two or more topologically interlocking polymer
chains could readily achieve favourable mechanical
properties and recapitulate complex cell-matrix

interactions [50]. Among the various methods
of hydrogel preparation, enzyme-mediated cross-
linking of chemically formed hydrogels has attained
much attention due to its high substrate specificity
and efficacy [51]. Importantly, unlike other chem-
ical cross-linking reactions that involve photo-
initiators [52] and organic solvents [53, 54], there
is no risk of unwanted side effects or toxicity in the
enzymatic hydrogelation systems. Horseradish per-
oxidase (HRP) is one of the enzymes that has been
used to catalyze the cross-linking of phenol or aniline
derivatives in the presence of H2O2 [55, 56]. Com-
pared with other enzymatic hydrogelation mechan-
isms (tyrosinase, transglutaminase, phosphatases,
etc), HRP-crosslinked hydrogels have become more
popular for use in different biomedical applications
because of their excellent, adjustable mechanical
properties [57, 58]. This study had therefore sought
to investigate the modification of chitosan with sialic
acid (N-acetylneuraminic acid) (CS-SA) and the
functionalization of gelatin with tyramine (G-TA)
to produce IPN hydrogels. The in situ forming IPN
G-TA/CS-SA (GC) hydrogels will be developed using
the enzymatic oxidative reaction of HRP and H2O2

[59], and the physicochemical properties and cyto-
compatibility of the prepared IPN GC hydrogels sub-
sequently be evaluated (figure 1).
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2. Experimental section

2.1. Materials
Chitosan (CS, SKU: 448 855, degree of deacetyla-
tion: 75–85%, medium molecular weight, viscos-
ity: 200–800 cP), SA, 3-(4-hydroxyphenyl) pro-
pionic acid (HPA), N-hydroxysuccinimide (NHS),
morpholinoethanesulfonic acid (MES), 1-ethy-3-(3-
dimethylaminopropyl carbodiimide) hydrochloride
(EDC·HCl, EDCI) and HRP (300 IU mg−1) were
purchased from Aladdin Co., Ltd (Shanghai, China).
Gelatin type A (SKU: 924 504-IEA, powder) was
purchased from Merck Co., Ltd Dimethylformam-
ide (DMF) and hydrogen peroxide (H2O2) were
bought from Sinopharm Chemical Reagent Co., Ltd
All chemicals and solvents purchased were used as
received without further purification.

2.2. Synthesis of sialylated chitosan (CS-SA)
Briefly, chitosan (1.2 g) was fully dissolved in 200 ml
of 1wt% acetic acid aqueous solution, followed by pH
adjustment to 6 using 5 M NaOH. SA (2.0 g), EDCI
(3.7 g), and NHS (1.7 g), were dissolved in a 0.1 M
MES buffer solution (50 ml) and stirred for 30 min
and subsequently added to the chitosan solution [60].
The solution was stirred (500 rpm) at 22 ◦C for 12 h,
with the resulting sialylated chitosan product sub-
sequently dialyzed against Millipore water using a
7000 Da molecular weight cutoff dialysis membrane
for three days, followed by lyophilization.

2.3. Synthesis of gelatin conjugates (G-TA)
Gelatin (2.5 g) was dissolved in 100 ml of Milli-
pore water at 60 ◦C and stirred for 1 h to facilit-
ate complete dissolution. NHS (15 mg) and EDCI
(25 mg) were added to HPA (20 mmol) and dis-
solved in 100 ml of a co-solvent of DMF and water
(volume ratio of 2:3). Then, the activated HPA solu-
tion was transferred to the gelatin solution, and the
mixture reacted at 40 ◦C for 12 h. Finally, the result-
ing solution was dialyzed against Millipore water for
three days and subsequently lyophilized to facilitate
product recovery [2].

2.4. Preparation of enzymatically crosslinked IPN
GC hydrogels
After a couple of pre-experiments to prepare GC
hydrogels, the following method was used to fabric-
ate GC hydrogels. The prepared G-TA was dissolved
in phosphate buffer (pH at 7.4), and then the CS-SA
was added to the G-TA solution to obtain G-TA/CS-
SA composite solution. About 10 µl of H2O2 solution
(167 mM) and 10 µl of HRP solution (1000 U ml−1)
were added to each tube, and 1 ml of G-TA/CS-SA
composite solution was added, respectively. Then,
the IPN GC hydrogel was formed by gentle stirring
of the two solutions. The nomenclature of the as-
prepared GC hydrogels is expressed as follows: X–
C–Y, where X represents the concentration of G-TA

and Y represents the concentration of CS-SA. In this
work, samples 5C0, 5C1, 5C2, 8C0, 8C1, and 8C2
were prepared.

2.5. 1Hnuclearmagnetic resonance (NMR) analysis
A proton 1H NMR spectrometer was used to invest-
igate the chemical composition of CS, SA, CS-SA,
gelatin, and G-TA. The polymers were dissolved in
deuterium oxide (D2O), and 1H NMR measure-
ments were performed on a 600 MHz NMR spec-
trometer (ECZ600R/S3, JEOL RESONANCE Inc.,
Japan) equipped with a 14.09 T superconduct-
ing magnet and a 5.0 mm 600 MHz broadband
Z-gradient high-resolution ROYAL probe.

2.6. UV-Vis analysis
The UV-Vis spectra of gelatin and G-TA were tested
using Ultraviolet-visible spectroscopy (UV–Vis,
PerkinElmer Lambda 950, USA). The samples were
dissolved in distilled water at 0.1% (w/w), and
the introduced phenolic hydroxyl (Ph) groups in
G-TA were confirmed by detecting the absorbance at
275 nm.

2.7. Rheology analysis
Rheological measurement of the prepared GC hydro-
gels was performed using a rheometer (TA, DHR,
USA) equipped with a 20 mm stainless steel upper
cone and temperature-controlled Peltier bottomplate
(DISCOVERYHR-2, TA, USA), at 37 ◦C [61]. Briefly,
a 420 µl aliquot of pre-hydrogel solutions with
2.5 U ml−1 HRP was loaded to the Peltier, and the
cone was lowered to a specified gap. Low-viscosity
oil was placed around the outside edge of the cone
to prevent water evaporation. Meanwhile, 4.2 µl of
0.5 vol.% H2O2 was injected into the gap to initiate
the gelation. A dynamic time sweep was conducted at
1 Hz with 1% applied strain for 4000 s to determine
gelation kinetics and storage moduli. Following gela-
tion, dynamic frequency sweeps (0.1–100 rad s−1 at
1% strain) and strain sweeps (0.1%–500% or to fail-
ure, at 1 Hz) were performed to analyze the elastic
behaviour of the resulting hydrogels.

2.8. Water uptake (WU) analysis
The WU of the prepared GC hydrogels was meas-
ured using a gravimetric method at 22 ◦C. Briefly, the
as-prepared cylindrical hydrogel samples were fully
immersed in phosphate-buffered saline (PBS) buf-
fer at 22 ◦C [4]. The swollen samples were weighed
at specific time intervals until they reached swelling
equilibrium. Then, the hydrogels were freeze-dried
until a constant weight was obtained. The WU of
the hydrogels in PBS buffer was then calculated as
follows;

WU=
Ws−Wd

Wd
(1)
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where W s is the mass in g of the swollen hydrogel
sample and Wd is the dry mass in g of the hydrogel
sample.

2.9. SEM analysis
The morphology of the cross-section of GC hydro-
gels was characterized by SEM. The lyophilized
as-prepared GC hydrogels were immersed in liquid
nitrogen for rapid freezing. The samples were then
cut off using a sharp blade. The cut cross-sections
were then sprayed with platinum for 40 s, and
the morphology was subsequently observed using
a cold field emission scanning electron microscopy
(SEM, Hitachi, S-4800) with an accelerating voltage
of 10 kV imposed. At least five SEM images at differ-
ent magnifications were randomly obtained for each
sample, then the pore sizewas calculated using ImageJ
Software.

2.10. Cell counting kit-8 (CCK-8) analysis
The cytocompatibility of the GC hydrogels was con-
ducted by evaluating the viability of NIH 3T3 cells
cultured with the GC hydrogels. CCK-8 was used
to investigate the viability of NIH 3T3 cells after
seeding on GC hydrogels and culturing for differ-
ent days. The optical density (O.D) value at 450 nm
was measured to indicate the presence of meta-
bolically active NIH 3T3 cells, and cells cultured
without hydrogels as a control group [9]. The NIH
3TS cells (CRL-1658TM, American Type Culture Col-
lection(ATCC)) were grown in Dulbecco’s modi-
fied Eagle’s medium with 10% fetal bovine serum,
100 Uml−1 penicillin, and 100µgml−1 streptomycin
under a humidified atmosphere of 5% CO2 and 95%
air at 37 ◦C, according to ATCC instruction. Cells at
passage 5 for the next experiments. The prepared GC
hydrogels were soaked in 75% of alcohol overnight
and replaced by PBS on the ultra-clean working table.
All hydrogels were added to a 48-well plate (Corning),
and 1 ml of NIH 3TS cells solution was added to each
well (1 × 104 cells ml−1), and incubated at 37 ◦C
in a 5% CO2 atmosphere, using the culture medium
as a control. After incubating for one day, two days,
and three days, the samples were treated with CCK-
8 kit solution (10 µl), and then incubated for 2 h at
37 ◦C. Finally, the reaction solutions were transferred
to a 96-well plate. The O.D at 450 nm for each well
was tested using a microplate reader (Tecan GENios,
Tecan Austria GmbH, Salzburg, Austria).

2.11. Fluorescent microscopy analysis
The phalloidin-FTTC and 4′6-diamidino-2-
phenylindole (DAPI) were used to stain the cells
seeded in the prepared GC hydrogels. The procedure
was described in our previous report [12]. Briefly, the
hydrogels were cultured with NIH 3TS cells for three
days, the hydrogels were washed using PBS and fixed
with 2% glutaraldehyde for 10 min. Then the hydro-
gels were washed with PBS and treated using 0.1%

of Triton X-100, then phalloidin-FITC and DAPI
were subsequently used. Finally, the treated hydro-
gels were washed using PBS again, and the fluores-
cent microscopy images were obtained using a con-
focal laser scanning microscope (Leica TCS SP5 II,
Germany).

2.12. Statistical analysis
All experiments were conducted in triplicate, and the
data were expressed as means with standard devi-
ation. The statistical package for the social sciences
(SPSS) software (IBM SPSS Statistics, Version 26) was
used for the analysis. Analysis of variance (ANOVA)
statistical analyses and Tukey’s test were applied to
investigate specific differences between the control
group and tested group for CCK-8 results. Statistical
significance was defined at a p-value of < 0.05 and
< 0.01 for 95% and 99% confidence, respectively.

3. Results and discussion

3.1. Synthesis and characterization of CS-SA and
G-TA
Chitosan is an insoluble nature polymer in neutral
aqueous solutions [62]. In this work, the chitosan was
modified by reacting SA with primary amino groups
of chitosan through EDCI/NHS activation to improve
its water solubility (figure 1(a)). The successful syn-
thesis of CS-SA was evaluated using the 1H NMR
spectra analysis (figure 2(a)). As shown in the spec-
trumofCS-SA, chemical shifts at 2.99, 3.48–3.74 ppm
were assigned to the hydrogen protons of [H1] and
[H2]–[H5], respectively. As for the 1H NMR spec-
trum of SA, peaks at 1.77, 1.88, 3.38, 3.44, 3.58 and
3.66 ppm were assigned to the hydrogen protons of
[H6], [H9], [H7], [H11], [H10], [H8], respectively.
However, the 1H NMR spectrum signal of the raw
chitosan did not initially have the above peaks, with
the peaks becoming visible when in the 1H NMR
spectrum signal of the CS-SA conjugate, confirming
the successful graft of SA to chitosan. The successful
introduction of phenol groups was confirmed using
UV–Vis spectrum analysis with theUV–Vis spectra of
G and G-TA displayed in figure 2(b). The absorbance
detection at a peak 275 nm in the UV–Vis spectrum
confirmed the successful synthesis of G-TA. Such a
result could also be confirmed using 1H NMR ana-
lysis (figure 2(c)). The 1H NMR spectrum of G-TA
clearly showed that the integration value correspond-
ing to phenol groups (6.5–7.2 ppm) was much higher
than that of gelatin, indicating the conjugation of TA
to gelatin backbones.

3.2. Rheological analysis andWU of GC hydrogels
The GC hydrogel could be obtained by mixing G-TA/
CS-SA/H2O2 and G-TA/CS-SA/HRP solutions with
gentle shaking, and the formation of GC hydro-
gel could be evaluated by a tube inversion method
(figure 3(a)) [63, 64]. The prepared GC hydrogels
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Figure 2. (a) 1H NMR spectra (D2O) of CS, SA and CS-SA, (b) UV–Vis spectra of gelatin and G-TA, (c) 1H NMR spectra (D2O)
of gelatin and G-TA.

Figure 3. (a) The HRP/H2O2 mediated in situ formed GC hydrogel could be prepared by compositing G-TA/CS-SA/H2O2 and
G-TA/CS-SA/HRP solutions, the hydrogel formation was identified using the tube inversion method. (b) The GC hydrogel (5C1)
could be injected using a syringe, and the filament was formed. Rheological properties of GC hydrogels, (c) representative time
sweeps, (d) strain sweeps. (e) Water uptake capacity of GC hydrogels.

could be injected using a syringe, and the filamentwas
obtained, confirming the injectability of GC hydro-
gels (figure 3(b)) [65]. Next, the kinetics of gelation
andmechanical properties of the prepared GC hydro-
gels were assessed using oscillatory rheology exper-
iments (figures 3(c) and (d)). The GC hydrogels of
varying CS-SA and G-TA concentrations containing

HRP and H2O2 were in situ formed in a cone and
plate geometry, maintained at 37 ◦C. Figure 3(c)
displayed that all the samples with mixing the poly-
mer solutions increased the storage modulus (G′)
due to enzymatically crosslinked reactions of G-TA,
until a plateau value was attained, indicating a plat-
eau value at the end of the crosslinking process.
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Figure 4. SEM images of the prepared GC hydrogels after freezed-dried, (a) 5C0, (b) 5C1, (c) 5C2, (d) 8C0, (e) 8C1, and (f) 8C2.

It was observed that a higher G-TA concentration
resulted in a higher storage modulus, while the
storage modulus decreased as the CS-SA content
increased. In addition, the linear viscoelastic region
was also conducted by the strain amplitude sweep
at a range of 0.1%–500% at 1 Hz (figure 3(d)), with
the storage modulus of all the prepared GC hydro-
gels shown to remain constant in a wide range of
strain. This observation indicated that the GC hydro-
gels had a highly stable structure under a relat-
ively high degree of deformations. Notably, how-
ever, the storage modulus was observed to decrease
with an increase in CS-SA content. For the pre-
pared GC hydrogels, the simultaneous IPN would be
formed after mixing G-TA/CS-SA/H2O2 and G-TA/
CS-SA/HRP solutions, CS-SA polymer chains spread
in both solutions, and then the G-TA polymer net-
work formed with the enzymatic oxidative reaction
of HRP and H2O2 (figure 1(c)) [50, 59, 66].

The WU capacity is an essential feature of
the hydrogels because it relates to other proper-
ties, including their mechanical properties and pore
size, which further influences nutrient transport,
drug delivery and tissue exudate adsorption through
hydrogels [67]. Figure 3(e) shows that the WU capa-
city of GC hydrogels increased from 1000% to 4500%
as the CS-SA concentration increased from 0% to 2%.
This is because of the hydration of the hydrophilic
group SA group, which was grafted to the CS back-
bone. Therefore, the hydrophilicity of the as-prepared
hydrogels was higher than the previous reports [68,
69]. It was also noticed that the sample 5C2 hydro-
gel with the highest CS-SA concentration displayed
the highest WU capacity, which increased to 4300%
after 7 h, compared to other samples. The WU capa-
city of GC hydrogels was also influenced by the
G-TA content, which due to that, the enzymatically

crosslink degree increased with the increase of G-TA
concentration.

3.3. Microstructure of GC hydrogels
The microstructure of the cross-section of the as-
prepared GC hydrogels (figure 4) showed a 3D, relat-
ively homogeneous, and interconnected pore struc-
ture, which indicated good structural stability and
uniformphysical structure for all preparedGChydro-
gels. In addition, the pore size of GC hydrogels
was calculated using ImageJ software on 5 random
SEM images from each sample. There was no great
differences for all samples 5C0 (62.8 ± 7.1 µm),
5C1 (53.4 ± 5.6 µm), 5C2 (61.6 ± 8.3 µm), 8C0
(62.7 ± 9.2 µm), 8C1 (56.1 ± 6.9 µm), and 8C2
(59.1 ± 7.9 µm). However, the prepared gelat-
in/chitosan hydrogels crosslinked by HRP displayed a
muchmore uniformpore size distribution, compared
to the previous gelatin/chitosan hydrogels crosslinked
via thiol-Michael addition reaction [52]. The porous
interconnected structure provides enough space for
cell growth, attachment, proliferation, and extracel-
lular matrix secretion [14, 24, 69].

3.4. In vitro cytocompatibility evaluation
The cytocompatibility of the GC hydrogels was con-
ducted by CCK-8 analysis after seeding NIH 3T3 cells
on GC hydrogels and culturing for different days, as
shown in figure 5. The viability of NIH 3T3 cells
cultured on the hydrogels increased from day 1 to
day 3, indicating a good cytocompatibility of the
prepared GC hydrogels. On day 1, the cell viability
on GC hydrogels was lower than that of the con-
trol group. However, the cell growth in GC hydro-
gels was higher on day 2, proving that proliferation
of the cells in GC hydrogels was faster than that of
the control group, which might be due to the 3D

6



Biomed. Mater. 18 (2023) 015006 P Ding et al

Figure 5. Cytocompatibility of the prepared GC hydrogels was evaluated by CCK-8 assay by culturing with NIH 3T3 cells for
different days. ∗p < 0.05, ∗∗p < 0.01, and ∗∗∗p < 0.001.

Figure 6. Representative fluorescent microscopy images of GC hydrogels cultured with NIH 3T3 cells for three days. The samples
were stained using DAPI (a)–(f) and phalloidin-FITC/DAPI (g)–(l), respectively. (a) and (g) 5C0, (b) and (h) 5C1, (c) and (i)
5C2, (d) and (j) 8C0, (e) and (k) 8C1, and (f) and (l) 8C2.
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micro-environment supported by GC hydrogels con-
tinuing to support the proliferation of cells. Enhan-
cing the interaction between cells and the extracellu-
lar environment is of great importance to engineering
functional biomaterial interfaces able to instruct cells
with specific commands. On day 1, the cell viability
seeded on GC hydrogels without CS-SA was lower
than GC hydrogels with CS-SA. Here, it was worth
mentioning that SA was introduced to the chitosan
to enhance the interactions between cells and bioma-
terial interfaces based on carbohydrate-carbohydrate
interactions suggested as mediators of cell adhesion
and aggregation [42, 47, 49].

On day 3, sample 8C0 displayed the highest
O.D value compared to other samples. The hydro-
gel 8C0 with the highest G-TA concentration pos-
sessed the highest crosslinking degree, providing a
suitable framework and 3D micro-environment for
cell growth. In addition, the NIH 3T3 cells seeded
on GC hydrogels on day 3 were evaluated using
fluorescent microscopy images (figure 6). Interest-
ingly, the framework of the prepared GC hydrogels
was stained due to the presence of polysaccharides
in the hydrogels [7]. Thus, DAPI and phalloidin-
FITC/DAPI were both used respectively to invest-
igate the growth of cells and the microstructure of
hydrogels. The porous interconnected structure for
all GC hydrogels was observed after the NIH 3T3 cells
were seeded and cultured for three days, consistent
with SEM images of GC hydrogels in a dry state. For
samples stained usingDAPI alone, some cells could be
observed (figures 6(a)–(f)). The cells seeded hydro-
gels were stained using phalloidin-FITC/DAPI, how-
ever, it was difficult to identify the cells (figures 6(g)–
(l)). With the proliferation of cells on GC hydrogels
over days, the cells grew and diffused into the hydro-
gels; thus, not many cells were observed on the sur-
face of hydrogels. CCK-8 and fluorescent microscopy
images confirmed the cytocompatibility of the pre-
pared GC hydrogels.

4. Conclusion

The enzyme-mediated cross-linked hydrogels have
displayed potentials in biomedical applications due
to their high substrate specificity and efficacy. In
this paper, we have devised an IPN GC hydrogel
through the HRP-mediated crosslinking. A series of
GC hydrogels based on CS-SA and G-TA with for-
mulated compositions were prepared at physiological
temperature. The GC hydrogels with interconnec-
ted structures could provide a suitable 3D microen-
vironment for cell adhesion and proliferation, con-
firmed byCCK-8 analysis and fluorescentmicroscopy
images. The results in this paper suggest that these as-
prepared enzymatically crosslinked IPN GC hydro-
gels have great potential as promising biomaterials for
biomedical applications.
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